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Executive Summary
 


Final Programmatic Environmental Impact Statement for 
Oyster Restoration in Chesapeake Bay  


Including the Use of a Native and/or Nonnative Oyster 
 


Responsible Agency:  U.S. Army Corps of Engineers, Norfolk District 
 


ABSTRACT:  The Norfolk District of the U.S. Army Corps of Engineers, the Maryland 
Department of Natural Resources, and the Virginia Marine Resources Commission have 
completed a Final Programmatic Environmental Impact Statement (PEIS) that presents 
information regarding a variety of strategies for attempting to restore the population of oysters 
throughout Chesapeake Bay.  The proposed action that prompted the preparation of this PEIS 
was to introduce a nonnative species, the Suminoe oyster, and continue efforts to restore the 
native Eastern oyster.  The Suminoe oyster is a native of the China Sea that has environmental 
requirements and tolerances similar to those of the Eastern oyster but is resistant to diseases that 
have adversely affected the Eastern oyster. Seven individual reasonable alternatives that would 
involve one or more oyster species individually or together were evaluated during the study.  In 
addition, Alternative 8 proposed three combinations of the individual alternatives.  As part of the 
NEPA process, the public was invited to comment on the Draft PEIS between October 17, 2008, 
and December 15, 2008 (60 days).  Written and oral comments received during the public 
comment period were considered in revising the Draft PEIS and selecting a preferred alternative. 
This Final PEIS describes the direct and indirect effects of the proposed action and alternatives 
on ecological, environmental, and human issues identified during the public interest review at the 
outset of the PEIS process.  Factors relevant to the proposed action and alternatives included the 
oyster population in the Bay, selected other components of the ecosystem of Chesapeake Bay, 
water quality, threatened and endangered species, essential fish habitat, social factors, 
economics, aesthetics and recreation, historic and archaeological resources, wetlands, sanctuaries 
and refuges, environmental justice, air quality, public safety and fouling, commercial navigation, 
and potentially affected resources outside Chesapeake Bay.  After considering all available 
information and the input of all stakeholders, the lead agencies have concluded that Alternative 
8a, a combination of alternatives that involves only the native Eastern oyster, is the preferred 
approach for restoring the Chesapeake Bay oyster population.   


 
For further information, contact: Mr. Craig Seltzer 
      U.S. Army Corps of Engineers 
      803 Front Street 
      Norfolk, VA 23510 
      Telephone: (757) 201-7390 
      Email: craig.l.seltzer@usace.army.mil  
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E.1 PROJECT OVERVIEW 
 


This Final Programmatic Environmental Impact Statement (PEIS) was developed by the 
U.S. Army Corps of Engineers (USACE), Norfolk District, and its non-Federal sponsors, the 
Maryland Department of Natural Resources (DNR), and the Virginia Marine Resources 
Commission (VMRC) (known collectively as the lead agencies), in accordance with the 
requirements of the National Environmental Policy Act of 1969 (NEPA; 42 USC 4321-4347), 40 
CFR Parts 1500-1508, and 33 CFR Parts 230 and 325.  This document assesses a range of 
options for restoring oysters to Chesapeake Bay and evaluates the potential environmental 
consequences of those options.  The need for an environmental impact statement was triggered 
by the proposed action, which was to introduce the nonnative Suminoe oyster to Chesapeake Bay 
while continuing efforts to restore the native oyster. A programmatic evaluation (i.e., a PEIS) 
was determined to be appropriate in this instance because subsequent NEPA analyses and 
documents may have to be prepared in tiers as more site-specific plans for implementing a 
preferred alternative are defined.  A PEIS is especially valuable when considering actions that 
encompass a large geographic scale or that constitute complex programs, both of which would be 
characteristics of a joint State and Federal effort to restore the size and functions of the oyster 
population throughout Chesapeake Bay.  The information and assessments presented in this PEIS 
are the outcome of the joint effort of Federal and State agencies and private organizations 
working coherently and consistently toward a common restoration goal.  The scope of this Final 
PEIS is to evaluate the potential consequences of the proposed action and each alternative for all 
relevant elements of the environment in as much detail as is possible, given uncertainties about 
implementation.  To facilitate the evaluation, representative implementation plans were created 
for the proposed action and each alternative to provide a basis for analyzing the potential adverse 
effects and benefits that might result from implementing those actions.  The plans were designed 
to be reasonably realistic; however, they are not recommendations or specific proposals, but only 
representations of the kinds of actions that might be taken to implement each of the broad 
programmatic alternatives.  The analyses for this Final PEIS were based on the best information 
available.  The uncertainties associated with the use of limited or questionable data are described, 
and the role those uncertainties played in the lead agencies’ selection of a preferred alternative is 
explained.   
  
E.2 PURPOSE AND NEED 
 


The Eastern oyster (Crassostrea virginica) was once so abundant in Chesapeake Bay that 
it inspired the Algonquin to name the bay Chesepiook, meaning "great shellfish bay."  The 
abundant oyster was a keystone species that provided a variety of ecological services within the 
Bay’s ecosystem. It was a primary component of the Bay’s filtration system and provided rich 
habitat for many other species (Newell 1988).  Oysters filter water to feed on small plankton, 
removing sediment and other particles from the water column, clearing the water, and increasing 
light penetration in the process.  Improved water clarity promotes the growth of underwater 
grasses, which benefit blue crabs and many other aquatic organisms.  Oyster reefs also provide a 
unique kind of habitat for fish and other species in the Bay.  In addition to its ecological 
functions, the Eastern oyster was as an important food resource for Native Americans and early 
European settlers, and the Bay’s oyster fishery developed into a large export industry during the 
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1800s. The Chesapeake oyster fishery became the largest in the world during the 1880s (NRC 
2004). Towns such as Crisfield on Maryland’s Eastern Shore were established and prospered 
solely on the basis of the abundance of oysters in local waters. The oyster became widely 
recognized as an important cultural symbol of the Chesapeake Bay region.  
 


Commercial landings of oysters in Chesapeake Bay declined steadily during the late 19th   


and early 20th centuries, and harvest yields were reduced by half in the 50 years between the late 
1880s and about 1930.  Major factors believed to have contributed to that decline include intense 
fishing pressure, mechanical destruction of habitat, siltation of optimal substrate, and 
overfishing. One hundred years of increasingly intensive and mechanized fishing contributed to 
leveling the profile of the oyster bars in Chesapeake Bay (Rothschild et al. 1994).  Declining 
water quality also contributed to reducing the oyster population.  Clearing of forests and 
development of land within the Bay’s watershed caused increased agricultural runoff, sedimen-
tation, nutrient input, and environmental pollution that killed oysters or created conditions that 
were less favorable for them (Kemp et al. 2005; Boynton et al. 1995) 


 
During the mid-20th century, oyster harvests remained comparatively stable for several 


decades (through the late 1970s) before beginning another steep decline that continues to the 
present. The Bay’s oyster population is now estimated to be less than 1% of its size during the 
1800s (Newell 1988). The more recent decline in the population has been attributed primarily to 
the introduction of two foreign diseases to which the Eastern oyster initially had no resistance.  
The diseases Dermo and MSX are harmless to humans but usually are fatal to Eastern oysters.  
These diseases have been particularly detrimental to the oyster fishery because they kill many 
oysters before they reach market size. The high rate of mortality caused by these diseases not 
only decreases the number of oysters available for harvest, but also reduces the number of large, 
highly reproductive oysters that are left to propagate the species.  Overall, oyster populations in 
the Bay are now strongly controlled by disease pressure (Ford and Tripp 1996) as well as the 
continuing loss of hard bottom and oyster shell that are essential for their successful 
reproduction.  Harvest, various kinds of degradation of oyster habitat, poor water quality, and 
complex interactions among these factors are also are affecting oysters negatively (Hargis 1994; 
NRC 2004). 


   
Although some localized successes in restoring oysters have been documented as a result 


of more recent restoration activities, traditional management, repletion, and restoration programs 
do not appear to have reversed the overall, Bay-wide decline in the oyster population.  Given that 
oyster diseases appear to be a major factor inhibiting recovery, the States began investigating the 
possibility of introducing a nonnative oyster that is resistant to disease.  The Suminoe oyster 
(Crassotera  ariakensis), a native of the China Sea, was found to have environmental 
requirements similar to those of the Eastern oyster and to be resistant to MSX and Dermo.  In 
various studies conducted in the Bay, the Suminoe oyster exhibited greater survival rates and 
grew faster than the native Eastern oyster.  Those studies suggested that the Suminoe oyster has 
the potential to improve the oyster fishery and water quality in Chesapeake Bay, which 
encouraged greater interest in the possibility of introducing the species.  


 
Planned and unplanned introductions of nonnative species often have had negative effects 


on the ecosystems that receive them; furthermore, the introduction of a naturally reproducing 
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nonnative species into an open aquatic environment is almost certainly irreversible.  To assess 
the risks involved with introducing the Suminoe oyster into the Bay, the Chesapeake Bay 
Commission, the Chesapeake Bay Foundation, the U.S. Environmental Protection Agency, and 
the U.S. Senate Committee on Appropriations asked the National Research Council (NRC) of the 
National Academy of Sciences to describe the state of knowledge about the Suminoe oyster and 
begin assessing the risks involved with introducing the species in Chesapeake Bay.  That study 
(NRC 2004) identified gaps in the state of knowledge about the Suminoe oyster and 
recommended research needed to support an adequate risk assessment.  Beginning in 2004, 
Maryland, Virginia, the Potomac River Fisheries Commission, and the National Oceanic and 
Atmospheric Administration funded extensive research on the Suminoe oyster, much of it 
focused on risk questions identified in the NRC’s report.  This Final PEIS incorporates the 
findings of those studies that are available to date.     


 
USACE, VMRC, and DNR all have been conducting programs to restore the native 


oyster in Chesapeake Bay for many years.  The concept of introducing a nonnative species to 
achieve the oyster restoration objective for the Bay is very controversial and deviates 
significantly from all prior restoration efforts.  For these reasons, the agencies concluded that it 
would be appropriate to prepare a PEIS evaluating the proposed introduction and alternatives 
that might also be feasible means of reaching the restoration objective.  The restoration objective 
encompasses both ecological and economic goals; therefore, alternatives involving aquaculture 
are included among the range of actions considered in this PEIS.      


 
The following statements of need and purpose for action to restore oysters in Chesapeake 


Bay were developed through public-scoping meetings held in 2004:  
 
A need exists to restore the ecological role of oysters in the Bay and the 
economic benefits of a commercial fishery through native oyster restoration 
and/or an ecologically compatible nonnative oyster species that would restore 
these lost functions. 


 
The purpose of this proposal is to establish an oyster population that reaches a 
level of abundance in Chesapeake Bay that would support sustainable harvests 
comparable to harvest levels during the period 1920–1970. 


 
 
Analyses conducted for this PEIS revealed a significant contradiction inherent in the 


statement of purpose for oyster restoration between the goals of restoring the ecological services 
of an abundant wild stock of oysters and restoring the economic contributions of the oyster 
fishery when the proposed action or alternatives are considered individually as potential means 
of reaching those goals.  Several stakeholders who commented on the Draft PEIS recommended 
restating the purpose to establish two distinct goals, one economic and one ecological, and re-
evaluating the proposed action and all alternatives (or additional alternatives) for their potentials 
to achieve each of those separate goals. Given the limited data and information available, 
however, the analyses of the broad, general actions described in this programmatic EIS provide 
considerable insight concerning how a wide range of possible actions might contribute to 
achieving economic and ecological objectives; consequently, restating the purpose and 
restructuring the analyses was deemed to be unnecessary.  In lieu of redefining the goals of 
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restoration individually, the lead agencies defined combinations of alternatives that provided a 
viable means of resolving the contradiction inherent in the statement of purpose.   
 
 
E.3 ASSESSMENT OF ENVIRONMENTAL CONSEQUENCES 
 


Management programs and scientific studies devoted to the Eastern oyster have been 
diverse, but most were conducted for purposes very different than addressing the kinds of issues 
evaluated in this PEIS.  Basic characteristics such as the size of the Bay-wide oyster population, 
the percentage of oysters that are harvested each year, and the rate of growth of oyster 
populations at different locations in the Bay and in different years have been only poorly defined.  
Despite their limitations, the data and results from those programs and studies were the only 
resources available and served as the primary basis for the assessments of the Eastern oyster 
presented here.  The uncertainties that result from data limitations are acknowledged in those 
assessments. In response to interest in introducing the Suminoe oyster into Chesapeake Bay, 
State and Federal agencies funded an extensive research program to investigate the species. All 
available information from those studies, whether completed and peer-reviewed or continuing 
and documented only in progress reports, was used to assess the potential effects of the proposed 
action and alternatives that involve the Suminoe oyster.  The assessments take into account the 
uncertainties associated with the use of preliminary or incomplete findings.  Analyses and 
conclusions based on all these data were subjected to a rigorous peer-review process throughout 
the development of this Final PEIS.  Sequential peer reviews contributed to identifying 
limitations of the analytical tools and findings.  The peer reviews established scientifically 
acceptable boundaries concerning how the results should be employed in the PEIS, and the 
assessment of environmental consequences presented in this section recognizes those boundaries.   


  
 A major objective of the analysis of the proposed action and the alternatives was to assess 
the extent to which each might contribute to attaining the goal established in the statement of 
purpose.  The numeric benchmark value of that goal was estimated to be 12 billion market-size 
oysters, which could support an annual harvest of 1.4 billion market-size oysters (5 million 
bushels), if all the harvest was from wild stock.  No data are available that could be used to 
estimate the number of oysters smaller than market size that would be required to maintain a 
population of 12 billion market-size oysters; therefore, a restoration goal for the entire oyster 
population could not be quantified.  As a point of reference, the baseline 2004 Bay-wide 
population of market-size Eastern oysters was estimated to be 809 million.  Substantial 
aquaculture production would reduce the size of the wild stock required to attain the total harvest 
goal of 5 million bushels; consequently, the development of a large aquaculture industry capable 
of producing 5 million bushels a year would obviate the need for any wild stock.  A fully 
restored wild stock would be essential, however, to restore the ecological services that oysters 
provide to the Bay and satisfy the statement of need for action.  The analyses presented in 
Section 4.1 illustrate a potential contradiction inherent in the statement of purpose between the 
goals of restoring the ecological services of an abundant wild stock of oysters and restoring the 
economic contributions of the oyster fishery when the proposed action and alternatives are 
considered individually as potential means of reaching those goals.  The combinations of 
alternatives developed by the lead agencies when the Draft PEIS was nearing completion, all of 
which include aquaculture of one or both species of oysters (E.4.9), provide a possible approach 
for resolving that contradiction.   
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  The stated purpose of the actions evaluated in this PEIS is to increase the abundance of 
oysters in the Bay to match a historical reference population; therefore, the assessment of each 
alternative begins with an evaluation of the alternative’s potential for attaining the numeric 
benchmark estimate of that historical reference population.  Next, effects on other components of 
the ecosystem and water quality of Chesapeake Bay are addressed.  Additional sections address 
the potential consequences of each alternative for rare, threatened, and endangered species; 
essential fish habitat; and all other elements of the affected environment, including topics such as 
recreation, aesthetics, economics, and socioeconomics.  Data and information used in the 
analyses had a wide range of quality and reliability; therefore, the level of uncertainty associated 
with all projections and assessments is substantial.  Uncertainty can result from unpredictable, 
large natural variability in some factor of known importance to a predicted outcome as well as 
from lack of knowledge about other factors that also might influence an outcome.  The sources 
of uncertainty are identified, to the extent possible, in this Final PEIS, and the consequences of 
the uncertainty are described.   


 
The Draft PEIS did not specify a preferred alternative from among the proposed action 


and alternatives because the lead agencies desired to receive input from all interested 
stakeholders and to consider it in selecting the appropriate course of future action to restore 
oysters.  The preferred alternative presented in this Final PEIS reflects the scientific findings 
presented here as well as the extensive and comprehensive information and comments received 
from organizations and individuals who reviewed the Draft PEIS. 


 
E.4 PROPOSED ACTION AND ALTERNATIVES 
 
E.4.1 Proposed Action 
 


The State of Maryland and Commonwealth of Virginia proposed to introduce the 
Suminoe oyster (C. ariakensis) into the tidal waters of Maryland and Virginia for the purpose of 
establishing a naturalized, reproducing, and self-sustaining population of this oyster species.  
Diploid Suminoe oysters would be propagated from existing third or later generations of the 
Oregon stock of the species, in accordance with the International Council for the Exploration of 
the Sea’s (ICES) Code of Practices on the Introductions and Transfers of Marine Organisms 
1994 (ICES 1995).  Deployment of diploid Suminoe oysters from hatcheries was proposed to 
occur first on State-designated sanctuaries separate from native oyster restoration projects, where 
harvesting would be prohibited permanently, and then on harvest reserves and special 
management areas, where selective harvesting would be allowed.  Suminoe spat would be placed 
on existing bars that do not require habitat rehabilitation.  The States further proposed to 
continue efforts with the USACE to restore the native Eastern oyster throughout the Chesapeake 
Bay by using the best available restoration strategies and stock assessment techniques, including 
maintaining and expanding the existing network of sanctuaries and harvest reserves, enhancing 
the brood stock, and supplementing natural recruitment with hatchery-produced spat.     


 
The lead agencies developed a representative plan for introducing the Suminoe oyster 


that is described in detail in Section 4.1.1.  Current restoration programs for the Eastern oyster 
that would continue as part of this action are described in detail in Section 4.1.2.   
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E.4.2 Alternative 1:  No Action 
 


This alternative consists of continuing Maryland's present oyster restoration and repletion 
programs, and Virginia's oyster restoration program under current program and resource manage-
ment policies and available funding using the best available restoration strategies and stock-
assessment techniques. The details of the activities assumed under this alternative are presented 
in Section 4.1.2.   


 
E.4.3 Alternative 2:  Enhance Efforts to Restore the Native Oyster 
 


This alternative consists of expanding, improving, and accelerating Maryland's oyster 
restoration and repletion programs, and Virginia's oyster restoration program in collaboration 
with Federal and private partners.  This work would include, but would not be limited to, an 
assessment of cultch limitations and long-term solutions for this problem and the development, 
production, and deployment of large quantities of disease-resistant strain(s) of the Eastern oyster 
to enhance the brood stock. 


 
Details of the enhanced restoration activities assumed under this alternative are presented 


in Section 4.1.3. This alternative includes roughly doubling the number of acres of habitat to be 
rehabilitated over a 10-year period and increasing the number of seed oysters to be planted by a 
factor of 4.5 over 10 years.   Initial evaluations lead to the conclusion that using disease-resistant 
stains of the native oyster developed in hatcheries to restore wild oyster populations is 
inadvisable; consequently, that element of the alternative was not considered in further analysis 
for the PEIS. Numerous stakeholders who commented on the Draft PEIS suggested an approach 
known as “revolving brood stock” hatchery production in which wild oysters taken from areas in 
which disease resistance appears to be developing are used as brood stock in the hatchery.   The 
brood stock would be replaced each year with new brood stock from those locations.    Analyses 
for Alternative 2 assume the use of offspring of the brood stock of wild Eastern oysters spawned 
in hatcheries each year in Maryland and Virginia.  Under Alternative 2, most spat would be 
planted on sanctuary bars. 
 
E.4.4 Alternative 3:  Harvest Moratorium 
 


This alternative consists of implementing a temporary moratorium on harvesting native 
oysters and a compensation (buy-out) program for the oyster industries in Maryland and Virginia 
or a program that offers displaced oystermen on-water work in a restoration program.  


 
For the purposes of analysis, the moratorium was assumed to be in place throughout a 


10-year period used to establish milestones for comparing the actions evaluated in this PEIS. 
Current restoration programs, as described for Alternative 1, were assumed to continue under 
this alternative.  The cost of a compensation program would be limited to no more than the 
estimated benefits that participants in the fishery would have realized over the 10-year 
assessment period (about $10.5 million).  In response to a substantial number of stakeholders’ 
comments on Alternative 3, the lead agencies revisited their concept for this alternative when it 
was included in the combinations of alternatives (Alternative 8) to represent substantially revised 
management programs rather than a complete moratorium on the harvest of wild oysters.  
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E.4.5 Alternative 4:  Cultivate Eastern Oysters  
 


This alternative consists of establishing or expanding State-assisted, managed, or 
regulated aquaculture operations in Maryland and Virginia using the native oyster species. 


 
An economic demand model was used to define the largest oyster aquaculture industry 


that would be economically viable in the Bay (about 2.6 million bushels).  For the purposes of 
comparing the economics of the alternatives, the maximum industry was assumed to develop 
over time and to be achieved at the end of 10 years.  The maximum industry was assumed to 
exist throughout that period for evaluating all other elements of the affected environment to 
illustrate the greatest possible contrast in potential effects among the alternatives. 
 
E.4.6 Alternative 5:  Cultivate Nonnative Oysters  
 


This alternative consists of establishing State-assisted, managed, or regulated aquaculture 
operations in Maryland and Virginia using suitable triploid, nonnative oyster species.  


 
Based on a review of studies of nonnative species considered for use in Chesapeake Bay, 


the Suminoe oyster was determined to be the only species that has environmental tolerances 
suited to the Bay, is economically viable, and for which substantial data were available for use in 
analysis.  Analyses for this alternative, therefore, considered only the use of triploid Suminoe 
oysters.  The same maximum, economically viable industry estimated for Alternative 4 (2.6 
million bushels) was assumed for this alternative.  Biosecure hatchery facilities would be 
required.  This assumption provided the greatest possible contrast in potential effects among the 
alternatives. 


 
One important aspect of the assessment of this alternative that differs from the assess-


ment of Alternative 4 is the estimate of the probability that a large-scale aquaculture operation 
using triploid Suminoe oysters could result in an unintended introduction of a reproducing 
population of the species.   


 
E.4.7 Alternative 6:  Introduce Another Nonnative Oyster Species 
 


This alternative consists of introducing and propagating in the State-sponsored, managed, 
or regulated oyster restoration programs in Maryland and Virginia, a disease-resistant oyster 
species other than the Suminoe oyster, or an alternative strain of the Suminoe oyster from waters 
outside the U.S. in accordance with the ICES Code of Practices on the Introductions and 
Transfers of Marine Organisms 1994 (ICES 1995). 


 
Based on a review of studies of nonnative species considered for use in Chesapeake Bay, 


the Suminoe oyster and the Pacific oyster were determined to be the only species that have 
environmental tolerances suited to the Bay and that might be economically viable.  Very little 
information about how the Pacific oyster might respond to conditions in Chesapeake Bay was 
available, which precluded a detailed analysis of the consequences of using that species for this 
alternative.  At least two strains of the Suminoe oyster in addition to the Oregon stock specified 
in the proposed action are maintained in hatcheries in the Bay region.  No comparative studies or 
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field trials using those other strains have been conducted to date; consequently, no basis exists 
for assessing whether another strain would be more or less suitable than the Oregon stock for 
meeting the goals of the PEIS.  Insufficient information is available for assessing the outcome of 
this alternative and comparing it to the outcomes of the other alternatives, and it was eliminated 
from detailed analysis in the PEIS 
 
E.4.8 Alternative 7:  Introduce the Suminoe Oyster and Discontinue Efforts to Restore the 


Eastern Oyster 
 


This alternative would involve attempting to establish a naturalized, reproducing, and 
self-sustaining population of the Suminoe oyster in the tidal waters of Maryland and Virginia, 
but discontinuing efforts to restore the Eastern oyster. 


 
Biologically, this alternative is similar to the proposed action, except that any benefits (or 


costs) of current restoration activities for the Eastern oyster would not be realized.  Effects on 
other components of the affected environment were considered to be similar to those for the 
proposed action, except for the economic consequences. Initial analysis suggested little 
economic difference between this alternative and the proposed action; therefore, this alternative 
also was eliminated from detailed analysis in the PEIS. 


 
E.4.9 Alternative 8:  Combination of Alternatives  
 
 The lead agencies defined three combinations of oyster restoration activities near the 
completion of analyses of the proposed action and other alternatives for the Draft PEIS.  These 
combinations of alternatives effectively address the inherent contradiction between economic 
and ecological restoration in the statement of purpose for action.  In considering the potential 
benefits and risks of each of these combinations, the lead agencies recognized that financial and 
physical constraints (e.g., the capacity of existing oyster hatcheries, shell resources) might 
require some activities included as part of a combination to be implemented on smaller scales 
than were considered in evaluating the individual alternatives and the proposed action. The 
combinations of alternatives evaluated include  
 


• Combination 8a  –  Eastern oysters only  
 Alternative 2: Enhance efforts to restore Eastern oysters 
 Alternative 3: Impose a temporary harvest moratorium and a compensation 


  program for the oyster industries 
 Alternative 4: Cultivate Eastern oysters 


 
• Combination 8b  –  Eastern oysters and triploid Suminoe oysters 


 Alternative 2: Enhance efforts to restore Eastern oysters 
 Alternative 3: Impose a temporary harvest moratorium and a compensation  


program for the oyster industries 
 Alternative 4: Cultivate Eastern oysters 
 Alternative 5: Cultivate triploid Suminoe oysters 
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• Combination 8c  –  Eastern oysters and diploid and triploid Suminoe oysters 
Proposed Action:   Introduce diploid Suminoe oysters and continue Eastern oyster  


  restoration 
 Alternative 2: Enhance efforts to restore Eastern oysters 
 Alternative 3: Impose a temporary harvest moratorium and a compensation  


 program for the oyster industries 
 Alternative 4: Cultivate Eastern oysters 
 Alternative 5: Cultivate triploid Suminoe oysters 


 
E.5 COMPARISON OF THE ALTERNATIVES 
 
 A matrix of decision criteria that listed all of the ecological, environmental, social, and 
economic factors to be considered in selecting the most appropriate means of restoring oysters in 
Chesapeake Bay was established at the initiation of this PEIS.  Tables 2-3 and 2-4 in Section 2.0 
provide summaries of effects of the proposed action and each of the alternatives on each 
individual decision criterion.  Outcomes generally were defined only qualitatively.  The lead 
agencies created the three combinations of alternatives as the Draft PEIS was nearing completion 
because results of analyses at that point suggested that none of the individual alternatives were 
likely to attain the oyster restoration goal established in the statement of purpose.  In addition, 
the combinations resolved the inherent conflict between ecological and economic objectives that 
had become apparent during the analysis.  As a consequence, the lead agencies’ further 
deliberations to select a preferred alternative focused solely on the three combinations of 
alternatives. Some of the key findings for each of the three combinations of alternatives are as 
follows: 
 
 Alternative 8a (Eastern oyster only) – This combination poses no ecological risks 
associated with introducing a nonnative species into Chesapeake Bay.  Traditional restoration 
and management programs appear to be unlikely to produce a substantial increase in the Bay-
wide population of Eastern oysters, even if the magnitude of those efforts is increased 
significantly.  Recent programs using non-traditional methods (e.g., creating elevated reefs, 
revolving brood stock hatchery operations to increase the rate of development of disease 
resistance, large-scale restoration in target tributaries) have produced results that suggest the 
possibility of significantly enhancing the population.  Restrictions on harvest may contribute to 
an enhanced rate of development of disease resistance in the native oyster, although they may 
adversely affect watermen.  Continuing loss of hard-bottom substrate in the Bay may be the 
greatest obstacle to enhancing the Bay-wide oyster population.  Aquaculture, particularly with 
triploid native oysters, may contribute to increasing the economic value of the oyster fishery in 
the Bay. 
 
 Alternative 8b (Eastern oyster and triploid Suminoe oysters) – The outcome of this 
alternative would be nearly the same as the outcome of Alternative 8a, with two major 
exceptions.  The rapid growth rate and disease resistance of triploid Suminoe oysters suggests 
that cultivating the species could provide greater economic benefits than cultivating the native 
oyster and, thus, would offer the potential for greater enhancement of the oyster fishery in the 
Bay.  Large-scale, long-term cultivation of triploid Suminoe oysters, however, is likely to result 
in an unintended introduction of a population of diploid, reproducing nonnative oysters into the 
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Bay.  Such an introduction would be irreversible and would pose the risk of adverse ecological 
consequences that cannot be predicted at this time. 
 
 Alternative 8c (Eastern oyster and diploid and triploid Suminoe oysters) – This 
alternative offers the greatest potential for achieving the population goal established in the 
statement of purpose for the actions evaluated in this PEIS because of the Suminoe oyster’s 
resistance to disease and rapid rate of growth; however, the introduction of a population of 
diploid, reproducing nonnative oysters would be irreversible and would pose the risk of adverse 
ecological consequences that cannot be predicted at this time. Furthermore, the likelihood of 
success of the proposed introduction and its ability to produce a large, self-sustaining population 
of Suminoe oysters throughout the Bay is uncertain.  Continuing loss of hard-bottom substrate in 
the Bay would be a major obstacle to success.  Studies of diploid Suminoe oysters in the 
laboratory and studies of confined triploid Suminoe oysters in the Bay suggest that the Suminoe 
oyster would provide ecological services similar to those provided by the native oyster; however, 
researchers cannot ascertain the degree to which the results of such studies can predict how 
diploid Suminoe oysters would interact with all of the components of the ecosystem of 
Chesapeake Bay in the natural environment.  The Suminoe oyster is likely to compete with the 
native oyster, and the outcome of such competition could range from local extinction of either of 
the species to mixed-species reefs.  The Suminoe oyster has a greater tendency to concentrate 
contaminants than the native oyster. 
 
E.6 PUBLIC COMMENTS ON THE DRAFT PEIS 
 


A 60-day public comment period (October 17 – December 15, 2008) followed 
publication of the Draft PEIS.  During that period the lead agencies coordinated a series of public 
meetings – three each in Maryland and Virginia – to receive oral comments on the document.   
The Norfolk District received comments from 2,175 respondents in the form of letters, emails, 
and statements offered during the public meetings.  A total of 92 individuals provided comments 
during one or more of the public meetings.  The respondents consisted of a wide variety of 
concerned residents, business owners, representatives of watermen’s associations, non-profit 
organizations, and State and Federal agencies.  All comments received during the public 
comment period were considered, and copies of all comments received prior to the closing date 
of the comment period are included in Appendix J.   


 
A total of 30 Federal, State, and local resource agencies, government commissions and 


committees, and one academic institution, the Virginia Institute for Marine Science (VIMS), 
submitted letters of comment on the Draft PEIS.  Resource agencies representing states along the 
Atlantic seaboard that submitted comments included agencies in Florida, South Carolina, North 
Carolina, Virginia, Maryland, Delaware, New Jersey, New York, and Maine.  The Scientific and 
Technical Advisory Committee (STAC) of EPA’s Chesapeake Bay Program, which consists of 
appointed members selected from Federal and State agencies, universities, research institutions, 
and private industry, also submitted comments. A total of 32 nongovernmental organizations and 
2,091 citizens submitted letters, postcards, emails, and oral comments concerning the Draft 
PEIS.  Six representatives of businesses associated with the oyster industry also commented.   


 
Approximately 95% of the individuals who commented expressed support for Alternative 


8a or opposed the proposed action.  Approximately 2.6% (56) supported Alternative 8c; 0.2% (4) 







 
ES-12 


supported Alternative 8b; and 0.05% (1) endorsed the proposed action only.  Approximately 
2.4% (51) did not specify support for a particular alternative.  Some individuals, including some 
seafood businesses and watermen, opposed the inclusion of a harvest moratorium as part of 
Alternatives 8b or 8c.   
 
E.7 PREFERRED ALTERNATIVE  


 
 The Executive Committee, which comprised senior representatives of each of the lead 
agencies, carefully reviewed the summaries of projected outcomes and evaluated the benefits and 
risks associated with the proposed action and each of the alternatives for each of the decision 
criteria. Each of the lead agencies conducted its review from its own management perspective.  
The Norfolk District took the lead in developing consensus for a preferred alternative among the 
lead agencies through development and application of a decision-making framework and a series 
of meetings and conference calls.  The Norfolk District selected the Analytical Hierarchy Process 
(AHP) and the Multi-Attribute Value Theory (MAVT) as the best means of organizing the 
diverse and complex universe of information that had to be considered in selecting a preferred 
alternative.  Applying that decision-making process and accounting for science, public 
comments, observations, and professional judgment resulted in ranking the assessment category 
of Environment and Ecological as the highest priority, and the category of Social Effects as the 
lowest priority.  Ecosystem effects were ranked the most important of the specific decision 
criteria, and visual and aesthetic effects were ranked the least important. Implementation of these 
decision-making tools resulted in ranking Alternative 8a highest in three of the four priority 
categories. Alternative 8b was ranked highest in the Economic category.   
 
 The Norfolk District acknowledged considerable uncertainty regarding the likelihood that 
Alternative 8a will result in establishing a sustainable, Bay-wide oyster population and the 
possibility that the Bay-wide population of Eastern oysters will continue to decline in the future; 
however, the District considered Alternative 8a to be a conservative choice because of the 
ecological uncertainties associated with implementing Alternative 8c and the strong opposition 
of most stakeholders to that alternative.  The Norfolk District considered ecological uncertainties 
associated with Alternative 8b to be somewhat less than those associated with Alternative 8c, but 
those uncertainties could not be resolved with the data and information available for preparing 
the PEIS.  The State of Maryland emphasized that not all strategies for native oyster restoration 
have yet been exhausted and that past native oyster restoration efforts were limited in scope (i.e., 
scale, lacked an ecological focus, and precluded a regional, large-scale response).  Maryland 
favored a “zero-risk” policy regarding the Suminoe oyster based upon the precautionary 
principle, the potential for significant negative ecological consequences, and the irreversible 
nature of an introduction of the species, whether intended or unintended.   
 
 Based on the current state of the science and extensive public discourse, the lead agencies 
concluded that the use of nonnative oysters in Chesapeake Bay, its tidal tributaries, and the 
coastal bays and waters of Maryland and Virginia poses unacceptable ecological risks; therefore, 
it is prudent for USACE, the State of Maryland, and the Commonwealth of Virginia, and 
Potomac River Fisheries Commission to adopt a native-oyster-only preferred alternative for the 
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purposes of this PEIS.* The preferred alternative established by the lead agencies is Alternative 
8a, with some modifications.  The selection of Alternative 8a as the preferred alternative is 
consistent with the Chesapeake Bay Program’s 1993 Policy for the Introduction of Non-
Indigenous Aquatic Species, which requires jurisdictions in the Chesapeake Bay basin to oppose 
the first-time introduction of any non-indigenous aquatic species into the unconfined waters of 
Chesapeake Bay and its tributaries unless environmental and economic evaluations confirm that 
risks associated with the first-time introduction are acceptably low.  
 
 The modifications of the individual alternatives included in Preferred Alternative 8a are 
based on relevant findings of analyses conducted while preparing the PEIS as well as input from 
stakeholders delivered in written correspondence and oral presentations at public meetings.  The 
modified elements of Preferred Alternative 8a include: 
 


• Alternative 2 (Enhanced native oyster restoration) - Enhanced restoration activities to 
be implemented in the future may differ substantially from the traditional restoration 
programs previously conducted in both states.  Although the kinds of future restoration 
activity may differ from those evaluated in some detail in the Draft PEIS, the level of 
activity will be substantially greater than past levels. 


 
• Alternative 3 (Harvest Moratorium) – In lieu of a total moratorium, the lead agencies 


envision implementing more restrictive oyster harvesting management regimes (e.g., 
annual harvest quotas; closed and open harvesting areas) that would be biologically and 
economically sustainable, that would include accountability measures, and that would 
minimize the effects of harvest on the potential development of disease resistance. 


 
• Alternative 4 (Expansion of native oyster aquaculture) - Both states may expand 


technical aquaculture support programs, particularly in the training of watermen who may 
be interested in transitioning from wild harvest to aquaculture.  State expenditures to 
support aquaculture expansion may increase in the future and, thus, may be greater than 
those considered in this PEIS. 


 
E.8 REQUIRED REGULATORY COMPLIANCE  


 
All kinds of native oyster restoration activities that are likely to be considered in 


accordance with Preferred Alternative 8a will involve placing various kinds of substrate on the 
bottom of the Bay or manipulating the existing bottom substrate.  In addition, large-scale 
programs may require on-shore development of some kind, such as building hatcheries or 
facilities for expanded aquaculture operations.  Regulatory requirements will differ among 
projects depending on the scope, elements, magnitude, and location of each project.  Statutes that 
might be applicable to the most diverse array of kinds of projects include 


 
                                                 
* Although the Executive Committee approved the phrase “for the purposes of this PEIS” as part of its joint 
statement identifying a preferred alternative, the members of the Committee acknowledge that none of the actions 
evaluated  for this PEIS may be able to achieve the population goal defined in the statement of purpose for action  
(i.e., an oyster population that reaches a level of abundance in Chesapeake Bay that would support sustainable 
harvest comparable to harvest levels during the period 1920-1970). 
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• NEPA of 1969, as amended, 42 U.S.C. 432 et seq.  -  Federally funded projects must 
comply with NEPA. As noted in Section 1, subsequent to a PEIS, further NEPA 
analyses may be required in tiers (40 C.F.R. § 1508.28) upon definition of site-
specific plans for implementing a preferred alternative. The findings of this PEIS will 
be used in subsequent NEPA analyses and decisions regarding site-specific plans for 
implementing the preferred alternative.  The follow-on analyses are most likely to be 
presented in the form of relatively brief Environmental Assessments (EAs) and 
Findings of No Significant Impact (FONSIs).  


 
• Endangered Species Act of 1973, as amended (Pub. L. 93-205; 16 U.S.C. 1532 et 


seq.) – requires an evaluation of the potential consequences of the program for 
Federally listed species within the project area and completion of Section 7 
consultations with the FWS and NOAA’s National Marine Fisheries Service (NMFS) 
as needed. 


 
• Magnuson-Stevens Fishery Conservation and Management Act, as amended 


(Pub. L. 94-265; 16 U.S.C. 1801, et seq.) – requires evaluation of the potential 
consequences of the program for designated essential fish habitat for Federally 
managed species in the project area; NMFS reviews such evaluations. 


 
• National Historic Preservation Act of 1966, as amended (Pub. L. 89-655; 16 U.S.C. 


470. et seq.) – requires evaluation of the potential consequences of the program for 
historical and archeological resources in the project area; requires consultation with 
the appropriate State Historical Preservation Office(s) to ensure that cultural 
resources within the project area are identified and to obtain a formal opinion 
regarding potential loss or damage of important resources or to develop a 
Memorandum of Agreement about appropriate management or mitigation for any 
affected resources. 


 
• Fish and Wildlife Coordination Act of 1958, as amended (Pub. L. 85-624; 16 


U.S.C., 661 et seq.) – requires equal consideration for fish and wildlife resources in 
conjunction with water resources development programs and projects.  It provides 
authority for the involvement of FWS and NMFS in evaluating potential effects on 
fish and wildlife and requires Federal agencies that construct, license, or permit water 
resource development projects to first consult with the FWS or NMFS, as appropriate, 
regarding the potential effects on fish and wildlife resources and measures to mitigate 
these effects. 


• Coastal Zone Management Act of 1972, as amended (Pub. L. 92-583; 16 U.S.C. 
1431, et seq.) – requires a Federal activity or program that may affect coastal areas to 
be consistent with applicable Coastal Zone Management (CZM) Plans and to receive 
a consistency determination from the applicable State CZM program(s) prior to 
taking action. According to legal precedent, states that have Federally approved CZM 
plans have the right to seek conditions on or prohibit the issuance of Federal permits 
and licenses that would affect those states (NRC 2004).     
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• Clean Water Act of 1977, as amended (Pub. L. 92-500; 33 U.S.C. 1251, et seq.) –
Under Section 402, National Pollutant Discharge Elimination System permits could 
be required for stormwater discharges from, and sediment and erosion control at, 
construction sites (e.g., new hatcheries) or for other actions that might affect water 
quality (e.g., large-scale aquaculture operations).  Depending on the nature of 
individual restoration projects, Maryland, Virginia, or both may have to apply to 
USACE for permits under Section 404 (a) or 404 (e), which regulate the discharge of 
dredged or fill material into waters of the United States. An Evaluation and 
Compliance Review of applications for such permits [per Section 404 (b)(1)] 
probably could be incorporated into NEPA documents prepared for individual 
restoration projects if they are to be Federally funded. 


• Clean Air Act, as amended (42 U.S.C. 7401 et seq.) – NEPA documents prepared for 
individual projects would be submitted to the Regional Administrator of USEPA for 
review pursuant to Sections 176 and 309 of the Clean Air Act.  Conformity would 
depend on the nature and scope of activities that would generate air emissions and the 
attainment status of the project location. 


• Rivers and Harbors Act, Section 10 – requires permits from USACE for any work 
in, over, or under navigable waters of the United States.  The USACE may consider 
some individual projects to be exempt. 


• Estuarine Areas Act (16 U.S.C. 1221 et seq.) – Coordination with Federal and State 
resource agencies during the preparation of any NEPA documents for individual 
restoration projects would signify compliance with this act. 


 
• Federal Water Project Recreation Act, as amended (16 U.S.C. 4601-12 et seq.), 


Wild and Scenic Rivers Act, as amended (16 U.S.C. 1271 et seq.), and Land and 
Water Conservation fund Act of 1965, as amended (16 U.S.C. 4601-4 et seq.) - 
Coordination with the National Park Ser4vice (NPS) and the relevant State agencies 
during the preparation of any NEPA documents for individual restoration projects 
would signify compliance with these acts. 


 
 Several Executive Orders and Memoranda also may apply to some projects intended to 
implement Preferred Alternative 8a: 
 


• Executive Order 11988, Floodplain Management (24 May 1977, as amended by 
Executive Order 12148, 20 July 1979), Executive Order 11990, Protection of 
Wetlands (24 May 1977) – On-shore development, such as for hatcheries or support 
infrastructure for aquaculture operations, could occur in the floodplain or in wetland 
areas. NEPA documents prepared for individual restoration projects would need to be 
circulated for public review to comply with the provisions of these orders. 


 
• Executive Order 12898, Environmental Justice in Minority Populations and 


Low-Income Populations (11 February 1994) - NEPA documents prepared for 
individual restoration projects would need to be circulated for public review to 
comply. 
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• Executive Memorandum, Analysis of Impacts on Prime or Unique Agricultural 


Lands in Implementing NEPA (11 August 1980) - On-shore development, such as 
for hatcheries or support infrastructure for aquaculture operations, could affect 
agricultural lands.  NEPA documents prepared for individual restoration projects 
would need to be circulated for public review to comply. 
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GLOSSARY 
 
 
Alternative - A reasonable way to fix the identified problem or satisfy the 


stated need (40 CFR 1502.4) 


Anadromous - pertaining to a species of fish, such as salmon and shad, that 
ascends fresh-water streams from the sea to spawn 


Anoxia - a condition in which the concentration of oxygen available to 
animals is insufficient to support the full function of body tissues 
(adj.: anoxic) 


Anthropogenic - relating to or resulting from the influence humans have on the 
natural world 


Annelids - segmented worms in the phylum Annelida, including earthworms 
and leeches; they are found in most wet environments, and 
include terrestrial, freshwater, and marine species 


Bacterioplankton -  refers to the bacterial component of the plankton that drifts in the 
water column 


Bathymetry - the science of measuring ocean depths in order to determine the 
topography of the sea floor 


Benthos - organisms that live on or in the bottom of a body of water  


Bight - a curve or recess in a coastline or geographical feature 


Bioaccumulate - the tendency of an organism to absorb a toxic substance at a rate 
greater than that at which the substance is lost  


Bioerosion-  the erosion of hard substrates by living organisms such as 
mollusks, polychaete worms, phoronids, sponges, crustaceans, 
echinoids, and fish; mechanisms of bioerosion include biotic 
boring, drilling, rasping, and scraping 


Biodeposition - the excretion of undigested materials, including feces and 
pseudo-feces, after active filter feeding by suspension-feeding 
bivalves; such material that falls to the sediment surface 


Biogeography - the science concerned with the geographical distribution of 
animal and plant life 


Biomass - the dry weight of living matter, including stored food, 
comprising the population of a particular species and expressed 
in terms of a given area or volume of the habitat 
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Biosecurity - policies and measures taken to protect living resources from 
biological harm; encompasses prevention and mitigation of 
diseases, pests, and bioterrorism 


Bivalves - marine mollusks, including clams, oysters, and scallops, with a 
2-valved, hinged shell; usually filter feeders that lack a distinct 
head 


Bryozoans - the moss animals, a major phylum of sessile, aquatic 
invertebrates with hardened exoskeletons that occur in colonies 


Catadromous - pertaining to fishes that live in fresh water and migrate to spawn 
in salt water 


Cladoceran - small, mainly freshwater branchiopod crustaceans, commonly 
called water fleas 


Copepod - small, usually minute, freshwater and marine crustaceans that 
serve as a major source of food for larger organisms 


Congeneric- referring to two or more species within the same genus 


Conspecific - referring to individuals or populations of a single species  


Continental shelf - the zone around the continent, that part of the continental margin 
extending from the shoreline and the continental slope 


Crustaceans - a class of anthropod animals in the subphylum Mandibulata with 
jointed feet and mandibles, two pairs of antennae, and segmented 
bodies encased in chitin  


Cytochalasin B - a cell-permeable mycotoxin that inhibits cytoplasmic division by 
blocking the formation of contractile microfilaments; inhibits cell 
movement and induces nuclear extrusion 


Demersal dwelling at or near the bottom of a body of water 


Depuration - removal of impurities, especially from bodily fluids; purification, 
cleansing.  


Diploid - cells that have two homologous copies of each chromosome, 
usually one from the mother and one from the father 


Disarticulation- separation of the shells of a bivalve 


Dissolution-  the process of dissolving a solid into solution 


Diurnal- repeated or recurring daily; having a daily cycle of completed 
actions in 24 hours and recurring every 24 hours 
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Ecology - the scientific study of the distribution and abundance of life and 
the interactions between organisms and their environment 


Ecosystem - a functional system that includes the organisms of a natural 
community, together with their environment 


Empirical- based on observation or experience rather than theory or pure 
logic 


Epibenthic - relating to the area on top of the sea floor 


Epifauna - organisms that live on the surface of the bottom of an ocean, 
lake, or stream, or on other bottom-dwelling organisms (adj: 
epifaunal)   


Euryhaline - able to live in waters of a wide range of salinity 


Eurythermal adaptable to a wide range of temperatures 


Heterotrophic - an organism that obtains nourishment by ingesting and digesting 
organic matter 


Hemolymph - the circulating fluid of the open circulatory systems of many 
invertebrates 


Hydrodynamic - the study of the motion of a fluid and of the interactions of the 
fluid with its boundaries, especially in the incompressible, viscid 
case   


Hypoxia - oxygen deficiency; any state wherein a physiologically 
inadequate amount of oxygen is available to or used by tissue, 
without respect to cause or degree (adj.: hypoxic) 


Infauna (infaunal) - bottom-dwelling organisms that live within the sediment at the 
bottom of an ocean, lake, or stream 


Intertidal-zone - the area that is exposed to the air at low tide and submerged at 
high tide; also known as the foreshore 


Intensity (of disease) -  a measure of the concentration of disease-causing parasites 
within an oyster; high disease intensity generally results in 
mortality 


Invertebrate - an animal without a backbone or internal skeleton 


Keystone species - a species that has a disproportionate effect on its environment 
relative to its abundance; such species affect many other 
organisms in an ecosystem and help to determine the kinds and 
numbers of other species in a community 
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Kleptoparasitism - the 'stealing' of eggs, prey, nest material or other inanimate 
objects from one animal by another; literally, parasitism by theft 


Macrophyte - aquatic plants growing in or near water that are emergent, 
submergent, or floating 


Megalops - the postlarval stage of crabs that has a large or flexed abdomen 
and the full complement of appendages 


Mesocosm - an experimental apparatus or enclosure designed to approximate 
natural conditions and in which environmental factors can be 
manipulated; mesocosms characteristically include both natural 
species assemblages and structured populations 


Mesohaline - moderately brackish, estuarine water with salinity ranging from 5 
to 18 ppt 


Mesozooplankton - planktonic animals that range in size from 0.2 to 20 mm 


Midden - a dump for domestic waste 


Mollusks - one of the divisions of phyla of the animal kingdom containing 
snail, slugs, octopuses, squids, clams, mussels, and oysters; 
characterized by a shell-secreting organ, the mantle, and a radula 
(a food-rasping organ located in the forward area of the mouth)  


Nekton - free swimming aquatic animals that can propel themselves 
through the water column independently of the action of waves 
and currents 


Niche- the role or physical location of an organism within its natural 
environment that determines its relations with other organisms 
and ensures its survival 


Oligochaete - a class of terrestrial or aquatic annelids (e.g. earthworms) that 
lack a specialized head, move using peristalsis, and have well-
developed segmentation 


Oligohaline- nearly fresh to mildly brackish, estuarine water with salinity 
ranging from 0.5 to 5 ppt 


Osmoregulation - the active regulation of the osmotic pressure of bodily fluids to 
maintain the homeostasis of the body's water content; that is, it 
keeps the body's fluids from becoming too dilute or too 
concentrated 
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Oocyst - the spore phase of certain protists, such as Cryptosporidium and 
Toxoplasma; this state can survive for lengthy periods outside a 
host and is very resistant 


Physiography - one of the two major subfields of geography that focuses on 
understanding the processes and patterns in the natural 
environment 


Phytoplankton - microscopic algae suspended in the part of the water column of 
lakes, rivers, and seas that is penetrated by light 


Pelagic - the part of a body of water that is located in the open water 
column, i.e., the part of the ocean that is not near the coast or 
continental shelf; also known as the open-ocean zone 


Piscivorous - feeds on fish 


Plankton - small organisms, usually minute plants and animals, that float or 
drift in water, especially at or near the surface 


Planktivorous - a species that feeds on plankton 


Polychaete - a class of chiefly marine annelid worms (e.g. clam worms) 
usually with paired segmental appendages, separate sexes, and 
free-swimming larvae 


Polyhaline - estuarine water with salinity ranging from 18 to 30 ppt 


Preferred alternative - In a NEPA document, this is typically the action that is selected 
for implementation in the record of decision, after considering 
the  purpose and need for action, individual  and cumulative 
effects of action, and public comments. Typically, a proposed 
action and alternatives are considered in the Draft EIS.  Then, the 
Final EIS identifies a preferred alternative that may be the 
proposed action, one of the other alternatives, or some 
combination of these. Some agencies (i.e., Bureau of Land 
Management) reverse the usage of the terms proposed action and 
preferred alternative. 


Prevalence (of disease)-  A measure of the frequency of occurrence of infection (i.e., the 
percent of examined oysters that contain at least one disease-
causing parasite) 


Propagate - to reproduce sexually or by other forms of multiplication or 
increase 
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Proposed Action - a plan that contains sufficient details about the intended actions 
to be taken, or that will result, to allow alternatives to be 
developed and its environmental consequences to be analyzed 
(40 CFR 1508.23); a suggestion that triggers the preparation of 
an environmental impact statement 


Prototype - a model suitable for use in complete evaluation of form, design, 
and performance 


Protozoans - a diverse phylum of microorganisms; the structure varies from a 
simple, single-celled animal to colonial forms  


Pseudofeces - material rejected by suspension feeders or deposit feeders as 
potential food before it enters the gut 


Rehabilitation (of habitat)- any of a range of approaches for attempting to increase the 
amount of suitable habitat for oyster settlement and growth by 
counteracting siltation; “standard”  habitat rehabilitation involves 
placing relatively thin layers of clean shell on existing hard 
bottom; other methods include constructing three-dimensional 
reefs of oyster shell or using alternative materials to provide 
settlement substrate 


Relict - referring to a topographic feature that remains after other parts of 
the feature have been removed or have disappeared 


Repletion -  the noun form of the adjective ‘replete’ meaning filled or well-
supplied; specifically, efforts or programs to increase the supply 
of oyster-shell substrate to encourage settlement of larval oysters 


Resistance (to disease) - an oyster either is not susceptible to disease or is subject to only 
limited infection  


Restoration (of population)- any of a range of approaches for attempting to increase the 
population of oysters in Chesapeake Bay to a level at which it 
provides desired ecosystem services and supports a commercial 
fishery (e.g., habitat rehabilitation, planting seed oysters) 


Sessile - permanently attached to a substrate 


Seston - particulate matter, such as plankton, organic detritus, and silt 
suspended in seawater  


Siltation - the building up of soil or granular material of a specific grain 
size derived from rock 


Socioeconomics - the study of the relationship between economic activity and 
social life 
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Stakeholder - a party who affects, or can be affected by an action 


Strain -  an animal or plant from a particular group whose characteristics 
are different in some way from others of the same group 


Subaqueous - pertaining to conditions and processes occurring in, under, or 
beneath the surface of water, especially fresh water 


Subtidal - pertaining to that part of the Earth's surface immediately below 
the intertidal zone and thus permanently covered with seawater 


Suspension feeder - an animal that feeds on small particles suspended in the water; 
particles may be minute living plants or animals, or products of 
excretion or decay from these or larger organisms 


Sympatric - pertaining to a species that occupies the same range as another 
species but maintains its identity by not interbreeding  


Tetraploid - pertaining to cells and organisms that have four homologous sets 
of chromosomes 


Topography - the general configuration of a surface, including its relief; may be 
a land or water-bottom surface  


Trajectory - the path a moving object follows through space; a trajectory can 
be described mathematically either by the geometry of the path, 
or as the position of the object over time 


Triploid - pertaining to cells and organisms that have three homologous 
sets of chromosomes 


Trophic interactions - pertaining to or functioning in nutrition 


Tubificid oligochaetes - a family of aquatic worms, like the sludge worm, that build tube-
shaped shelters in the sand of riverbottoms and are key 
components of the benthic communities of many freshwater and 
marine ecosystems 


Tunicates - a subphylum of marine chordate animals that are filter feeders 
that secrete thick covering layers, have greatly reduced nervous 
systems, and have notochords during only the larval stage 


Veliger - a larval planktotrophic mollusk in the stage where the shell, foot, 
and other structures make their appearance 


Zooplankton - microscopic animals that are free-swimming or suspended in the 
water of oceans, rivers, and lakes 
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Zoea - an early larval stage of decapod crustaceans (e.g., crabs) 
distinguished by a relatively large cephalothorax, conspicuous 
eyes, and large, fringed antennae 
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1   


1 Purpose and Need For Action 


 
  


1.1 STUDY AUTHORITY, SCOPE, AND STATEMENT OF PURPOSE 
 


1.1.1 Authority and Scope for a Programmatic Environmental Impact Statement  
 
 Oysters once contributed significantly to maintaining water quality and habitats in the 
Chesapeake Bay ecosystem, supported an economically important fishery, and were of great 
cultural value to many residents of the Bay area.  The 
population of the native Eastern oyster (Crassostrea virginica) 
has declined to a small fraction of its historical abundance, and 
restoration efforts undertaken to date have failed to reverse the 
decline (Sections 1.2 and 1.3). Recognizing this failure, the 
States of Maryland and Virginia have begun to consider 
nontraditional approaches for attempting to rebuild the oyster 
stock, including introducing the nonnative Suminoe oyster 
(Section 1.4). 
 


The proposal to introduce the Suminoe oyster into 
Chesapeake Bay is very controversial and has attracted many 
opponents as well as proponents.  All parties concerned about 
the status of the Bay’s oyster stock agreed that the proposal 
merited a high level of review by agencies responsible for 
managing natural resources and the environment because of its 
potentially significant benefits and adverse effects throughout 
Chesapeake Bay and possibly within other coastal estuaries.  
Given the need for a rigorous formal evaluation of the potential 
risks and benefits of the proposed action, the States of 
Maryland and Virginia requested assistance from the U.S. 
Army Corps of Engineers (USACE), Norfolk District 
(CENAO), to develop a Programmatic Environmental Impact 
Statement (PEIS) to evaluate the proposed introduction of the 
Suminoe oyster and reasonable alternative strategies for 
restoring the ecological and economic functions of oysters in 
Chesapeake Bay.  In 2003, Congress authorized CENAO to 
coordinate the preparation of this PEIS pursuant to the 
National Environmental Policy Act (NEPA) Section 102. A 
Notice of Intent to prepare a PEIS was published in the Federal 
Register in 2004 (FR Vol. 69 No. 2, January 5, 2004).  
USACE’s Baltimore District (CENAB) provided technical 
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support, and the U.S. Environmental Protection Agency (EPA), the U.S. Fish and Wildlife 
Service (FWS), and the National Oceanic and Atmospheric Administration (NOAA) are 
cooperating Federal agencies.  The proposal to introduce a reproducing population of Suminoe 
oysters into Chesapeake Bay is addressed throughout this PEIS as the “proposed action” because 
that is the NEPA term for the issue that triggers a NEPA evaluation. NEPA requires an 
environmental impact statement to identify and evaluate reasonable alternatives that are designed 
to meet the same need that prompted the proposed action and the stated objective of that action.  
The alternatives are intended to provide a rational context for evaluating the pros and cons of the 
proposed action and identifying the most appropriate strategy for meeting the stated objective. 
Details of the proposed action and all alternatives evaluated in this PEIS are presented in 
Section 2.  The USACE and the States of Maryland and Virginia did not establish a preferred 
alternative in the Draft PEIS but have done so in this Final PEIS.  The preferred alternative and 
the manner in which the lead agencies selected it are described in Section 2. 


 
A Programmatic EIS, as described in the Council on Environmental Quality’s (CEQ) 


Forty Most Asked Questions (CEQ 1981), is used when subsequent NEPA analyses and 
documents may be prepared in tiers (40 C.F.R. § 1508.28) as narrower, more site-specific plans 
for implementing the proposed action or an alternative are defined.  A PEIS considers multiple 
related Federal actions that encompass a large geographic scale or that constitute a suite of 
similar programs, both of which are characteristics of the joint State and Federal effort to restore 
the size and functions of the oyster population throughout Chesapeake Bay.  This PEIS is 
intended to be used as guidance for subsequent NEPA analyses and decisions that may be needed 
when more site-specific plans for implementing the preferred alternative are defined. The role of 
the PEIS is to address broad issues so that the large-scale analyses can be incorporated into 
subsequent site-specific assessments.  A PEIS should support program-level decisions regarding 
which specific projects will be considered in the future.  


 
The scope of this PEIS is to evaluate the potential effects of the proposed action and each 


alternative on the resources and ecosystem of the Bay in as much detail as is possible given 
uncertainties about how the actions, which are described very generally (Section 2), might be 
implemented. Representative plans for implementing the proposed action and alternatives were 
developed to provide a basis for predicting and assessing the potential consequences of those 
actions. Specific implementation plans for actions undertaken following completion of this PEIS 
process will almost certainly vary from those assessment scenarios and may require further 
NEPA analyses and regulatory compliance, as defined in Section 1.1.3.  The programmatic 
analyses presented in this Draft PEIS are based on the best information available at the time the 
analyses were completed.  If new data or information becomes available in the future, that 
information will be incorporated into later tiers of NEPA analyses to modify the programmatic 
conclusions as needed.  This PEIS has served the important purpose of facilitating collaboration 
among Federal, State, and local agencies that will be involved in oyster restoration efforts.  The 
interactions among agencies and with the public established by this programmatic NEPA process 
will be maintained through the tiered NEPA analyses to ensure comprehensive stakeholder 
involvement (as recommended by NEPA Task Force 2003).  


 
CENAO is the lead Federal agency for preparing this PEIS. Virginia Marine Resources 


Commission (VMRC), on behalf of the Commonwealth of Virginia, and Maryland Department 







 
1-3 


of Natural Resources (DNR), on behalf of the State of Maryland, are the lead State agencies. 
These three entities are referred to throughout this PEIS collectively as the “lead agencies.”  
Representatives of the senior management of the three lead agencies together constituted the 
Executive Committee (EC) for this PEIS.  Those representatives included the CENAO District 
Engineer (Colonel Dionysios Anninos), Maryland’s Secretary of Natural Resources (Mr. John 
Griffin) and Virginia’s Secretary of Natural Resources (Mr. L. Preston Bryant, Jr.). EPA, FWS, 
and NOAA are cooperating Federal agencies.  Additional review and assistance in preparation of 
the PEIS was provided by CENAB, the Potomac River Fisheries Commission (PRFC), and the 
Atlantic States Marine Fisheries Commission (ASMFC).  The lead agencies established a project 
delivery team (PDT) to coordinate with State, Federal and regional agencies whose goals, 
objectives, policies, and regulations are implicated in or would be affected by the outcome of the 
project.  The PDT includes representatives of CENAO, CENAB, DNR, VMRC, EPA, NOAA, 
FWS, and PRFC.  This document was prepared in accordance with Code of Federal Regulations 
40, parts 1500 – 1508, CEQ regulation 1502, and Army Regulation 200-2. 


 
1.1.2 Purpose and Need for Action 


 
NEPA requires the preparers of an EIS to develop specific definitions of the need and 


purpose for action so that reasonable alternatives can be formulated for analysis and evaluation.  
The lead agencies, working closely with the cooperating agencies via the PDT and with the 
public via NEPA’s scoping process (Section 5), established the following statement of need for 
the actions being evaluated in this PEIS:  
 


A need exists to restore the ecological role of oysters in the Bay and the 
economic benefits of a commercial fishery through native oyster restoration 
and/or an ecologically compatible nonnative oyster species that would restore 
these lost functions. 
   
NEPA requires detailed specification of the purpose (i.e., goal) of actions evaluated in an 


EIS to ensure objective and consistent evaluation of the proposed action in comparison to all 
alternatives.  In its Chesapeake 2000 agreement, the Chesapeake Bay Program (CBP) established 
a relatively short-term goal to increase oyster abundance by a factor of 10 above the 1994 level 
by the year 2010 (Section 1.3). The PDT chose to establish a more expansive goal for the actions 
being evaluated in this PEIS to reflect the large-scale, programmatic context of the decisions to 
be based on these analyses.  Upon considering the history of oyster harvest in the Bay (Figure 
1-1), the PDT observed that harvests remained fairly stable between 1920 and 1970, during a 
time of significant environmental change within the Bay.  The average annual harvest over that 
period was on the order of 35 million pounds, which is roughly equivalent to five million bushels 
of market-size oysters (Section 2.1.1).  The PDT reasoned that consistent harvests over five 
decades suggested that the oyster population at that time was large enough and healthy enough to 
sustain an annual harvest of that volume despite environmental stresses on the Bay’s ecosystem; 
consequently, a population of that size probably provided substantial ecological services in the 
Bay and would be an appropriate, albeit ambitious, goal for restored oyster abundance. 
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The PDT, in cooperation with the public, therefore, defined the following statement of purpose 
for the actions being evaluated in this PEIS:   
 


The purpose of this proposal is to establish an oyster population that reaches a  
level of abundance in Chesapeake Bay that would support sustainable harvests 
comparable to harvest levels during the period 1920–1970. 
 


 
Figure  1-1. Commercial landings of oysters in Chesapeake Bay from 1880 to 2000.  Adapted 


from NRC (2004) with data provided by NOAA.  No data are available for years 
with no bars.  The year 1887 (indicated by “*” on the graph) excludes catch from 
the James and Potomac rivers.1  


 
The views of many stakeholders and agencies differ regarding the relative importance of 


the ecological functions of oysters and the socioeconomic contributions of an oyster fishery in 
Chesapeake Bay.  The PDT intends the statement of purpose to address both of these important 
considerations, as specified in the statement of need.  The PDT intends the term “sustainable 
harvests” to comprise both harvests of wild oysters and landings of cultivated oysters from 
leased bottom and other forms of aquaculture throughout the Bay.  The stated purpose addresses 
the need for action to restore the abundance of oysters Bay-wide, without differentiating between 
Maryland and Virginia.  The PDT did not consider the feasibility of achieving a population of 
the size implied by the statement of purpose when they developed it.  They intended the analyses 
for the PEIS to determine the extent to which the proposed action and the alternatives might be 
capable of reaching the implied goal. Section 2 provides more information about how this 
statement of purpose was interpreted to evaluate the proposed action and alternatives. 


 
 


                                                 
1 Commercial landings of oysters are reported in pounds of oyster meat after the oysters are shucked; 7 pounds of 
oyster meat is considered the equivalent of 1 bushel of market-size (more than 3 inches long) oysters. 


*
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1.2 HISTORY OF OYSTERS IN CHESAPEAKE BAY 
 


The Eastern oyster (Crassostrea virginica) was once so abundant in Chesapeake Bay that 
it inspired the Algonquin to name the bay Chesepiook, meaning "great shellfish bay."  The 
abundant oyster was a keystone species that provided a variety of ecological services within the 
Chesapeake Bay ecosystem. It was a primary component of the Bay’s filtration system and 
provided rich habitat for many other species (Newell 1988).  Oysters filter water to feed on small 
plankton, removing sediment and other particles from the water column, clearing the water, and 
increasing light penetration.  Improved water clarity promotes the growth of underwater grasses, 
which benefit blue crabs and many other aquatic organisms.  Oyster reefs also provide a unique 
kind of habitat for fish and other species in the Bay.  In addition to its ecological functions, the 
Eastern oyster was as an important food resource for Native Americans and early European 
settlers, and the Bay’s oyster fishery developed into a large export industry during the 1800s. 
The Chesapeake oyster fishery became the largest in the world during the 1880s (NRC 2004). 
Towns such as Crisfield on Maryland’s Eastern Shore were established and prospered solely on 
the basis of the abundance of oysters in local waters. The oyster became widely recognized as an 
important cultural symbol of the Chesapeake Bay region.  
 


Commercial landings of oysters in Chesapeake Bay declined steadily during the late 19th 


and early 20th centuries (Figure 1-1).2  Harvest yields declined by half in the 50 years between 
the late 1880s and about 1930.  Major factors believed to have contributed to that decline include 
intense fishing pressure, mechanical destruction of habitat, siltation of optimal substrate, and 
stock overfishing3 (Rothschild et al. 1994).  The rate of harvest of oysters increased rapidly 
during the 1800s as watermen began to fish more efficiently by using sailboats (the iconic 
“skipjack”) to dredge oyster reefs instead of the traditional hand-tong method.  The use of 
increasingly destructive harvesting methods increased after 1865, when the use of large 
mechanized dredges was legalized (Stevenson 1894).  Dredging for oysters began to degrade the 
physical integrity of centuries-old reefs (DeAlteris 1988) by breaking off shell and oysters that 
were too small to harvest, thereby reducing the population and the habitat available for future 
production and harvest.  By the late 1800s, the historic reefs were severely degraded.  One 
hundred years of increasingly intensive and mechanized fishing contributed to leveling the 
profile of the oyster bars in Chesapeake Bay (Rothschild et al. 1994).  Declining water quality 
also contributed to reducing the oyster population.  Clearing of forests and development of land 
within the Bay’s watershed caused increased agricultural runoff, sedimentation, nutrient input, 
and environmental pollution that killed oysters or created conditions that were less favorable for 
them (Kemp et al. 2005; Boynton et al. 1995).   


 
During the mid-20th century, oyster harvests remained comparatively stable for several 


decades (through the late 1970s) before beginning a further decline through the 1990s (Figure 
                                                 
2 The size of the oyster population in the Bay has never been monitored regularly.  In the absence of reliable 
estimates of the population, changes in the size of the oyster harvest over time have been considered to be indicative 
of changes in the abundance of oysters in the Bay. Changes in harvest, however, provide only a gross indication of 
changing abundance because harvest varies with the level of fishing activity as well as with the population of 
oysters. 
 
3 The term “stock overfishing” refers to a level of fishing intensity at which the magnitude of harvest results in a 
reduction in the reproductive capacity of the stock.   
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1-1).  Figure 1-2 illustrates the very small oyster harvests in recent years; note that the scale of 
this figure is one fifth the scale of Figure 1-1.  The Bay’s oyster population is now estimated to 
be less than 1% of its size during the 1800s (Newell 1988).  The more recent decline in the 
population has been attributed primarily to the introduction of two foreign diseases to which the 
Eastern oyster initially appeared to have no resistance, given the large increase in disease-related 
mortality that began to be evident.  The diseases Dermo and MSX are harmless to humans but 
usually are fatal to Eastern oysters.  The diseases are caused by protozoan parasites that were 
first found in the Bay in 1949 (Dermo) and 1959 (MSX).  


 


 


Figure  1-2. Commercial landings of oysters in Chesapeake Bay from 2001 to 2007.   
 


Dermo is caused by a parasitic, single-celled organism called Perkinsus marinus, which 
is found along the Atlantic and Gulf coasts of the Unites States (Ford and Tripp 1996) and is 
distributed throughout the water column.  Oysters contract Dermo as they filter the water for 
food.  Infected Eastern oysters may transmit the parasite directly to nearby oysters or spread the 
infection by releasing parasites into the water after death (NRC 2004).  Dermo weakens the 
muscle that opens and closes the shell when oysters feed (Mackin 1962; Gauthier et al. 1990); 
consequently, infected oysters eventually die from starvation (Choi et al. 1989; Ford and Tripp 
1996).  Most mortality occurs two to three years after oysters become infected with Dermo.  
Older, larger oysters generally have the greatest levels of infection because their greater rates of 
filtration increase their uptake of the parasite from the water column (Andrews and Hewatt 
1957). 


 
Water temperature and salinity determine the spread of Dermo.  The parasite is active 


during the warmer months (at temperatures above 20°C) but can survive much colder 
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temperatures (Andrews 1996; Chu and La Peyre 1993).  Cool water temperatures during winter 
and early spring suppress Dermo infections (Andrews 1996; Ragone-Calvo and Burreson 1994).  
A recent trend toward warmer winters has allowed Dermo to flourish in the Bay (NRC 2004).  
Dermo is relatively inactive at salinities less than 8 parts per thousand (ppt; Mackin 1956; 
Ragone and Burreson 1993; Chu et al. 1993), and infection rates decrease during wet years, 
when a larger-than-average volume of freshwater runoff reduces salinity in the Bay.  During the 
1980s, several particularly dry years caused salinity to increase in upstream areas of the Bay, 
where freshwater runoff typically keeps salinity low.  These conditions allowed Dermo to spread 
to many upstream oyster bars that previously had been unaffected (NRC 2004). Transplanting 
large quantities of diseased seed oysters also is thought to have carried parasites into regions they 
might not have reached via natural vectors of transmission (Paynter 1999; Wesson et al.1999).  
“Seed oyster” refers to juvenile oysters or spat from hatcheries or natural sources that are planted 
on bars where they are expected to grow to market size and, ultimately, to be harvested.  Spat 
generally are most abundant in high-salinity areas where oyster spawning is most successful; 
therefore, high-salinity areas serve as the primary wild sources of seed oysters.  Dermo and 
MSX, however, are most prevalent in those high-salinity areas.  Burreson and Ragone-Calvo 
(1996) documented the transfer of seed oysters infected with Dermo from an area in the James 
River, which the parasite had reached naturally, to tributaries of the Potomac River (i.e., Coan 
and Yeocomico rivers and Machodoc Creek), where Dermo had not occurred previously. 


 
Surveys conducted throughout the Bay from 1990 


through 2004 revealed that the prevalence of Dermo 
ranged from 50% to 95% each year; most years with 
prevalence greater than 85% were classified as dry 
(Carnegie and Burreson 2005; Tarnowski 2003; 
M. Tarnowski, DNR, pers. comm.).  The mean annual 
mortality rates of market-size oysters throughout the Bay 
from 1991 through 2004 have been estimated to range 
from 5% to 90% depending on salinity and the prevalence 
and intensity of disease (Vølstad et al. 2008).  These 
mortalities, however, could have resulted from the effects 
of both Dermo and MSX.   


 
MSX is believed to have been introduced into the 


Bay through an illegal planting of the nonnative Pacific 
oyster, C. gigas (Burreson and Ragone-Calvo 1996).  MSX is caused by a single-celled, 
infectious parasite called Haplosporidium nelsoni, which is now found along the entire Atlantic 
coast of the United States (Ford and Tripp 1996).  Infections of MSX start in an oyster’s gill and 
enter its bloodstream, causing tissue damage and difficulty with respiration and feeding.  A large 
concentration of parasites develops in infected oyster tissue and disrupts the oyster’s physical 
functions, eventually causing death (Ford and Tripp 1996).  Eastern oysters infected with MSX 
produce fewer eggs and sperm than uninfected oysters (Ford and Figueras 1988).  The parasite 
forms spores that are transmitted to new host oysters, but the method of transmission is 
unknown, and new infections are unrelated to the proximity of infected oysters (NRC 2004).   


  


Oyster Disease Terms 


Prevalence – A measure of the 
frequency of occurrence of infection; the 
percent of examined oysters that contain 
at least one disease-causing parasite. 
Intensity – A measure of the 
concentration of parasites within an 
oyster; high disease intensity generally 
results in mortality. 
Resistance – An oyster either is not 
susceptible to disease or is subject to 
only limited infection. 
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The prevalence of MSX is controlled by water temperature and salinity, similarly to 
Dermo.  Initial MSX infection generally occurs at water temperatures greater than 20°C and 
salinities greater than 10 ppt (Ford and Haskin 1982).  Oysters may be able to expel MSX 
parasites if the oysters are exposed to lower salinities for extended periods (Ford and Haskin 
1988).  Infections generally occur from mid-May to October and kill the host oysters more 
quickly than Dermo.  Oysters infected early in the season generally die between July and 
October, but oysters infected later in the summer may survive through the winter and die during 
the following spring (Ford and Tripp 1996).  Climatic conditions that cause high salinity and 
warmer water temperatures during the winter favor the spread of MSX, as they do for Dermo.  
Infection with MSX was less prevalent than Dermo infection in the Chesapeake Bay between 
1990 and 2004.  Surveys conducted throughout the Bay revealed that about 1% to 30% of 
sampled oysters were infected with MSX each year (Carnegie and Burreson 2005; Tarnowski 
2003; M. Tarnowski, DNR, pers. comm.).  High rates of MSX infection were correlated with dry 
years, although the statistical relationship was less strong than that observed for Dermo.  Both 
Dermo and MSX became more widespread in Maryland portions of the Bay and in upstream 
tributaries in Virginia in recent decades, in part because several dry years caused salinity to 
increase in areas where it previously had been low (Burreson and Andrews 1988; Andrews 1996) 
and also because of the seed transplanting programs described earlier. 


 
These two diseases have been particularly detrimental to the oyster fishery because they 


kill many oysters before they reach market size.  In the absence of MSX and Dermo, the average 
lifespan of the Eastern oyster is 6 to 8 years, and the maximum is probably 25 years (NRC 2004).  
Eastern oysters are marketed in the United States when they reach three inches or more, typically 
after three to four years in Chesapeake Bay (NRC 2004).  Oysters infected with Dermo, how-
ever, generally live only two or three years, and oysters infected with MSX generally die within 
one year.  High mortality rates caused by these diseases not only remove oysters potentially 
available for harvest, but also reduce the number of large, highly reproductive oysters that are 
left to propagate.  Overall, oyster populations in the Bay are now strongly affected by disease 
(Ford and Tripp 1996) in addition to being negatively affected by harvest, degraded oyster 
habitat, poor water quality, and complex interactions among these factors (Hargis 1994; NRC 
2004).   


 
1.3 HISTORY OF MANAGEMENT AND RESTORATION EFFORTS 


 
Maryland and Virginia historically have managed oysters in their respective portions of 


the Bay separately, using a combination of harvest restrictions, size limits, habitat enhancement, 
and planting of seed oysters to support the oyster fishery.  Management efforts during the period 
from 1930 to 1960 are believed to have helped maintain oyster harvests in the range of 30 to 
40 million pounds per year (equivalent to 4.3 to 5.7 million bushels per year) over that time 
period.  These and other management strategies resulted in relatively stable annual oyster 
harvests in Maryland from the mid 1960s through the early 1980s, while landings in Virginia 
decreased gradually over the same period (Figure 1-1).  Virginia’s oyster fishery was affected 
disproportionately by MSX and Dermo because both diseases are more active in the salty water 
of the southern portion of the Bay (NRC 2004).  About two-thirds of Virginia’s oyster harvest 
over the past several decades was supported by private investment on leased grounds.  These 
investors gradually stopped maintaining their grounds and moving seed because it was not 
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profitable; nevertheless, the State continued its original level of habitat enhancement (J. Wesson, 
VMRC, pers. comm.).  Nearly all the management programs during this time period were aimed 
at maintaining oyster fisheries, with limited focus on restoring the ecological role of oysters and 
oyster reefs in the Bay.  


 
The importance of the ecological role of the Eastern oyster within the Bay’s ecosystem 


(i.e., maintaining and improving water quality and creating habitat) gained increased attention as 
a result of the precipitous decline of the oyster population during the 1980s.  State and Federal 
agencies increasingly began working together to restore oysters.  The CBP began in 1983 with 
the goal of restoring the Bay to its former health and productivity using an ecosystem manage-
ment strategy.  The signatory members of the program were Maryland, Pennsylvania, Virginia, 
the District of Columbia, and EPA, but many other agencies and stakeholders have joined the 
effort (http://www.chesapeakebay.net/).  The Bay Program identified oyster restoration as a key 
component for improving the health of the Bay and established specific management goals in its 
1987, 1994, and 2000 agreements.  The most recent agreement, known as Chesapeake 2000, 
established the goal of attaining a standing oyster population that is 10 times greater than the 
1994 baseline by the year 2010.  The Chesapeake Bay Executive Council adopted the 
Chesapeake Bay Oyster Management Plan (OMP) in January 2005 to provide a general frame-
work and specific guidance for restoring and managing the Bay’s native oyster resource.   


 
The following sections of this document provide overviews of the most recent major 


management programs.    
 


1.3.1 Repletion Programs 
 


Repletion programs are designed to take advantage of the life history characteristics of 
oysters.  Oysters have two primary life stages: a planktonic larval stage that is present in the 
water column and an immobile stage that encompasses the juvenile and adult forms.  Oysters 
reproduce by simultaneously releasing sperm and eggs into the water, where fertilization takes 
place.  Fertilized eggs develop larval characteristics within about 24 hours and are dispersed 
through the water by currents and, to a lesser extent, by their own swimming ability.  Larvae 
must adhere (set) to a clean hard substrate after two to three weeks in the water column or they 
will die.  Larvae prefer to set on oyster shell (Luckenbach et al. 2005a) but will set on other 
materials such as concrete and stone.  Settled larvae quickly metamorphose into the young-oyster 
growth stage (spat) and remain immobile for the rest of their lives. Oysters produce very large 
numbers of gametes (eggs and sperm), and large females can produce many millions of eggs.  
Because of their great reproductive potential, even small numbers of oysters can quickly increase 
into large populations when conditions favor settlement and survival of newly set oysters.  This 
trait allows oysters to persist in dynamic environments such as Chesapeake Bay by occasionally 
producing very large year classes.  Such large year classes can compensate for poor year classes 
that result from unfavorable environmental conditions during other years.  Many species of 
oysters, including Eastern oysters, tend to settle on existing groups of shells called reefs, bars, or 
beds.  The term “repletion” describes two approaches for encouraging settlement, growth, and 
survival of oysters by planting shell:  (1) permanent plantings, in which shell is planted in areas 
where large spat sets occur naturally, and the resulting spat are left in place until they are large 
enough to be harvested; and (2) seed-area plantings, in which shell is planted in areas of high 
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salinity where large spat sets are most likely, and the resulting spat are moved to areas of lower 
salinity to attempt to protect them from disease. 


 
In Maryland, shell for permanent planting historically was obtained by dredging deposits 


of old, buried shell.  The oyster-shell dredging and planting program in Maryland began in 1960.  
Using an industrial-scale hydraulic dredge, shells were recovered from deposits buried as much 
as 40 feet deep in the bottom at locations primarily in the upper Bay.  Dredged shells were 
washed and transported to productive oyster bars, where they were planted to create a layer of 
shell 3 to 6 inches thick.  About five million bushels per year were planted until 1990.  
Beginning in 1991, the program was reduced to about 1.5 to 2.8 million bushels per year.  About 
350 acres were planted with shell per year (depending on the volume of shell dredged) while the 
program was in full operation.  Some stakeholders have opposed shell dredging because it alters 
the bottom substrate, may adversely affect other fisheries, and creates a sediment plume.  The 
shell-dredging program ceased in 2006 when the dredging permit issued by USACE and the 
Maryland Department of Environment expired (DNR 2006).  At that time, DNR decided not to 
reapply for the permit required to continue the program. 


 
DNR has investigated alternative means of enhancing substrates suitable for oysters.  One 


alternative is shell reclamation.  This involves retrieving previously planted shell that has been 
reburied due to siltation.  The program, which is currently in the developmental design phase, is 
expected to consist of dredging silted shell plantings to a depth of approximately one foot, 
stockpiling the shells on a barge or other vessel, and replanting the cleaned shells on a more 
viable bar nearby.  No estimate of the cost of implementing this program for rehabilitating oyster 
habitat is available currently, but the cost is expected to be comparable with that of the previous 
shell-dredging program in the upper Bay, which ranged from $5,000 to $8,000 per acre 
depending on the volume of shell obtained.  If implemented, this program could facilitate the 
rehabilitation of significant amounts of oyster-bar habitat (DNR 2006).  DNR also has experi-
mented with using other substrates to create artificial reefs for oysters.  Since 2002, DNR has 
planted approximately 71 acres with the equivalent of 985,000 bushels of alternative habitat 
materials at a cost of $1.7 million, or $24,000 per acre.  The use of non-shell substrates has 
several limitations.  Most of the materials acquire low spat sets and are expensive; furthermore, 
the available volume of some materials is too small to support a large-scale program for 
rehabilitating oyster habitat.  DNR will evaluate the continued use of alternative materials for 
restoring oyster habitat in the context of its costs and benefits compared to those of other 
methods for restoring habitat, such as reclaiming previously planted shell. 


 
In Virginia, oyster shell was dredged for substrate consistently until sometime during the 


1980s.  The State used only dredged shell at that time because no fresh shell (from shucking 
houses) was available from the oyster processing industry.  After the 1980s, additions of dredged 
or fresh shell became more sporadic, but more fresh shell was deployed.  Between 2000 and 
2005, the amount of shell habitat created in Virginia ranged from 35 acres to 142 acres for 
sanctuaries and from 154 acres to 478 acres for harvest areas (Section 1.3.2).  Before 2000, 
nearly all the shell was placed in harvest areas (J. Wesson, VMRC, pers. comm.). 


 
The concept for seed-area plantings, the second and most common kind of repletion 


program in Maryland, arose from observations that spat set is greatest on clean oyster shell in 
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highly saline waters and that mortality due to disease is lowest in less salty waters.  Each year, 
clean shell is planted in areas of high salinity, where large spat sets are most likely.  Drifting and 
swimming larval oysters settle on the clean shell and grow into spat.  The shell, now covered 
with tiny oyster spat called seed, is then moved (if seed numbers are large enough) to areas of 
low salinity to protect the oysters from disease as they grow to harvestable size (C. Judy, DNR, 
pers. comm.).  Shell with seed-counts of less than about 500 spat per bushel generally is not 
moved because the costs of production and transportation reduce the cost effectiveness of the 
effort to grow market-size oysters from low seed counts. Much of Virginia’s oyster harvest is 
from natural spat set on privately leased bottom.  Although Virginia also has an active repletion 
program, very few areas in Virginia waters have salinity low enough to protect seed oysters from 
disease, and many seed-planting efforts have failed because of disease (J. Wesson, VMRC, pers. 
comm.).  


 
Survival in repletion areas is strongly influenced by the amount of freshwater inflow to 


the Bay each year.  Seed-area plantings produce more market-size oysters during periods when 
salinity declines due to heavy rainfall than when salinity increases due to drought.  Although 
repletion programs enhance oyster production under some circumstances, they have neither 
altered disease effects nor contributed significantly to increasing the size of the Bay-wide stock 
of Eastern oysters because planted seed oysters and any wild larvae that settle on planted shell 
are subject to harvest when they reach legal size and because the reproductive success of the 
remaining oysters is low in low-salinity waters.  Transplanted seed can carry Dermo or MSX if it 
is obtained from areas where the disease-causing organisms are prevalent; consequently, 
repletion programs are believed to have contributed to spreading the diseases (Section 1.2).  
Maryland’s oyster repletion program has supported a large portion of the commercial harvest in 
the state during the past 10 years.  An estimated 80% of the oyster harvest from public grounds 
in recent years was taken from areas that DNR planted with clean shell or seeded shell (NRC 
2004).  Shell-planting and seed-planting sites are rotated so that new acreage can be rehabilitated 
cyclically, and year classes sometimes can be separated.  DNR consults with oyster committees 
for each county annually in March to coordinate shell-planting sites and seed-planting sites with 
local oystermen.  DNR and the committees concur on the selections of bars and sites within bars.  
The rapidly declining availability of clean shell (Section 1.3.4) is a significant issue that has 
constrained the extent of Maryland’s repletion program in recent years (C. Judy, DNR, pers. 
comm.). 


 
An additional approach for increasing the amount of suitable habitat for oyster settlement 


and growth that is not currently a major element of either State’s repletion programs is to build 
structures intended to mimic the three-dimensional characteristics of historical oyster reefs.  
Federal and State agencies and non-profit groups (e.g., Chesapeake Bay Foundation) are funding 
projects to construct three-dimensional artificial reefs at several locations in the Bay.  In contrast 
to standard habitat rehabilitation that involves placing relatively thin layers of clean shell on 
existing hard bottom (i.e., repletion), constructing three-dimensional reefs involves placing thick 
layers or piles of shell to create bars that are elevated from the bottom of the Bay or installing 
other hard structures that create elevated surfaces (e.g., large concrete construction debris, 
specialized artificial-reef structures such as reef balls).  Constructed reefs of this nature are 
designed to counteract the adverse effects of habitat loss due to sedimentation and can elevate 
oysters above the sediment surface to a height at which the availability of dissolved oxygen (DO) 
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and food may be greater than it is nearer the bottom.  VMRC and partners have placed more than 
70, three-dimensional reef structures in the Bay since 1993.  VMRC has attempted to create new 
habitat in both subtidal and intertidal areas (intertidal reefs may protrude above the surface of the 
water at low tide).  Although oysters grew rapidly on the structures, most were overcome by 
disease within two to four years (Mann et al. 2001).   


 
Virginia deployed a prototype, concrete, modular, subtidal reef in the lower 


Rappahannock River in 2000.  Sampling after four and a half years showed four year classes of 
Eastern oysters on the structure. Approximately half of the oysters were more than two years old 
(i.e., were old enough to reproduce; Lipcius and Burke 2006), thus creating the potential for 
increased oyster reproduction, at least locally on that reef.  Fifteen oyster reefs established in the 
Elizabeth River have been reported to be supporting multiple generations of oysters; however, no 
stock assessment data for those reefs are available (Elizabeth River Project 2008).   


 
The USACE created the largest network of sanctuary reefs in the Bay in the Great 


Wicomico River in 2004.  Low-relief reef (LRR) totals 54.8 acres; medium-relief reef (MRR), 
on which the shell surface is elevated above the bottom, totals 29.8 acres.  Sampling of the 
constructed reefs has shown positive results, including an increase in the local oyster population 
by a factor of 62, multiple age classes of oysters, strong recruitment over multiple years, and 
both vertical and cohesive growth of the reefs.  Oysters on the MRR are growing significantly 
faster than those on the LRR, and this more rapid growth is contributing to an increase of total 
shell on the MRR.  The MRR is accreting shell faster than it is being lost and is supporting 
oysters at a density of 1,027/m2 (± 51.5 SE) whose average size is 47.3 mm (± 1.2 SE).  The LRR 
is supporting oysters at a density of 250/m2 whose average size is 41.0 mm (± 1.1 SE).  The total 
population on these constructed reefs is estimated to be 184.5 million oysters (Schulte et al. 
2009).  No oysters were found during a pre-construction survey of the areas in which these reefs 
were built; therefore, this new population is a direct augmentation of the wild oyster population 
in the Great Wicomico River.  Although significant mortality due to disease is expected in the 
future, recent research has suggested that this subpopulation exhibits resistance to disease akin to 
that of a hatchery-produced strain of disease-resistant Eastern oysters (R. Carnegie, VIMS, pers. 
comm. to C. Seltzer, USACE).  Oysters larger than 70 mm, and some larger than 100 mm, are 
present on the constructed reefs even though they are located in waters in which oyster diseases 
are endemic. Recruitment to the constructed reefs during 2009 was strong for the fourth 
consecutive year (C. Seltzer, pers. comm.).   


 
Overall, the results at the project in the Great Wicomico River differ from results at 


locations of prior restoration efforts in several ways: (1) recruitment has been strong and steady 
for several years; (2) a significant proportion of the constructed reefs is achieving positive shell 
balance; and (3) oysters are growing at greater densities than on any other subtidal reefs in 
Chesapeake Bay. Private leaseholders are reporting a return to productivity on leases in the Great 
Wicomico above Sandy Point, where USACE’s project is located (K. Smith, pers. comm. to D. 
Schulte, USACE), suggesting that a key benefit of the sanctuary network is being achieved.  The 
constructed sanctuary reefs appear to be supplying recruits to fished areas within the area of 
hydrodynamic influence of the restoration project.  
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The Lynnhaven River is another area in which “non-traditional” methods of restoring 
native oysters are being employed (USACE 2006).  This river is a highly saline (14-23 ppt) trap 
estuary where larvae produced by oysters in the river remain in the area to settle.  The 
Lynnhaven River has been closed to a public oyster fishery for about 30 years due to 
contamination with fecal coliform bacteria, chemicals, and metals (Burke 2008); however, in 
2008 about 1,450 acres of the river were opened to harvest (Bay Journal 2008).  The Norfolk 
District of USACE began a major program to construct oyster reefs in the Lynnhaven River in 
2007. About 50 acres of permanent-sanctuary oyster reefs have been established to date 
(C. Seltzer, USACE, pers. comm.).  USACE is planning to restore a total of 111 acres of oyster 
reef habitat using a combination of mostly LRR (6-18 inches high) and MRR (2-4 feet high)  and 
about 5 acres of high-relief reef (USACE 2006).  These reefs will be stocked with a combination 
of disease-resistant seed (DEBY strain, see Section 4.1.3) and wild seed from Lynnhaven River 
for five years.  The wild seed is being produced from large (> 4 inches) oysters collected from 
the Lynnhaven River because those oysters are believed to have inherited disease resistance 
naturally (Burke 2008).  Two-thousand bushels of spat-on-shell have been planted to date (Burke 
2008).  


 
Restoration programs appear to have positively influenced spat set in the Lynnhaven 


River. Prior to any restoration, spat fall was estimated at 10 spat per square meter, but a reef 
constructed in 1998 showed 180 spat per square meter (USACE 2006).  Sampling in August 
2008 indicated a natural spat set on the constructed reefs (Burke 2008).  A 2006 survey of 
7.5 acres of reefs in the Lynnhaven basin showed an average of 744 oysters per square meter 
(CBOPE 2006), which represents a nearly 100-fold increase in the abundance of oysters in the 
river since 1997 (8/m2; CBOPE 1997).  Brumbaugh et al (2000) described the apparent success 
of restoration efforts in the Lynnhaven and Elizabeth rivers.  Hatchery-produced oysters grown 
by school students were planted on strategically located sanctuary reefs in those rivers.  Order-
of-magnitude increases in the abundance of juvenile oysters on both reefs and high rates of spat 
settlement on oyster grounds surrounding the reefs were observed subsequently.  


 
In contrast to the promising results of recent restoration projects such as those in the 


Great Wicomico and Lynnhaven rivers, the results of three-dimensional reef projects 
implemented in earlier years were less than encouraging.  Southworth et al. (2008) evaluated the 
performance of 24 constructed, three-dimensional reefs (typically of oyster shell) from the time 
of their construction in Virginia portions of Chesapeake Bay through 2007, focusing primarily on 
the intensity of recruitment after construction.  Their major findings were as follows:  


 
• An exponential-decay model4 described spat abundance over time for each reef; none 


of the reefs examined showed an increase in oyster population (density) over time 
(longest period was 13 years). 


• The largest recruitment tended to occur within the first few years after construction. 


• One year-class can dominate reef demographics (regardless of reef age), but this 
scenario rarely occurs (1/13 yrs), is not sustained, and tends to occur in large 
watersheds.  


                                                 
4 An exponential decay model is a mathematical formula that characterizes data that show a rapid decline over time. 
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• Adding brood stock to reefs does not alter these patterns significantly.    
 


Cost is a major consideration in construction of “non-traditional” three-dimensional reefs.  
Estimated costs for standard habitat rehabilitation range from about $6,436 per acre in Maryland 
to about $2,249 per acre in Virginia and Potomac River (D. Lipton, UMD, pers. comm.).  Those 
figures served as the basis for estimating the costs of the proposed action and the alternatives 
evaluated in this PEIS (see Section 4.6.2).  In contrast, the cost per acre for three-dimensional 
reefs constructed in Virginia has ranged from about $100,000 to $150,000 per acre (J. Wesson, 
VMRC, pers. comm.).  The USACE, Norfolk District, has abandoned the three-dimensional reef 
design used by VMRC and is now building reefs in various configurations that result in more 
height off the bottom than standard replenishment programs, presumably at lower cost 
(D. Shulte, USACE, pers. comm.).  The estimated total cost to construct, seed, and monitor the 
restoration project in the Lynnhaven River described above is approximately $6.5 million for the 
full 111 acres, or approximately $59,000 an acre (USACE 2006).    


 
The most common methods of harvesting oysters (e.g., hand tongs, patent tongs, dredg-


ing) all would damage constructed three-dimensional reefs; therefore, such reefs would be most 
useful for restoring oysters to provide ecological services.  If constructed, three-dimensional 
reefs were to result in the establishment of local populations of oysters that reach sexual 
maturity, they might serve as sources of oyster larvae that would disperse more widely in the 
Bay and support harvest on exploitable bars. Individual bars, however, can serve either as 
sources of larvae that are exported to other bars, or as “sinks” that attract larvae produced at 
other bars but do not produce larvae that are exported (Mann and Powell 2007).  Research 
conducted to date has not been sufficient to categorize the Bay’s oyster bars as sources of, or 
sinks for, larval production.  Such information is essential for identifying bars or locations that 
would be the best candidates for producing large, regional increases in oyster populations. 


 
The extent to which the local increases in oyster abundance reported on the constructed 


reefs in the Lynnhaven, Great Wicomico, Elizabeth and other rivers may be contributing to 
significant net increases in oyster populations on a larger, regional scale is not known, and the 
possibility that sustaining such increases might require further intervention (e.g., additional reef 
construction, seeding) is an additional uncertainty. Most of the recent three-dimensional reef 
projects have been underway for relatively short periods; consequently, the likelihood that they 
will result in long-term, sustained enhancement, even of local stocks of oysters, has not yet been 
established conclusively.  Mann and Powell (2007) suggested that the local benefits of such 
constructed reefs are not likely to be sufficient to counteract the effect of the loss of hard-bottom 
habitat throughout the Bay. At the high-relief reefs in the Great Wicomico River, however, 20 
liters of new shell material per square meter of constructed reef have accumulated naturally since 
the reefs were installed in 2004 (Schulte et al. 2009). Outcomes such as that, if widespread and 
consistent over time, could significantly counteract habitat loss. The scale of reef construction 
that would be required to achieve the PEIS goal, even assuming successes such as those reported 
to date, has not been estimated, and neither Maryland nor Virginia has implemented a large-scale 
program to construct three-dimensional reefs as a major element of its oyster restoration program 
to date.   
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1.3.2 Sanctuary and Harvest Reserve Programs 
 


Maryland’s and Virginia’s most recent management efforts have focused on restoring the 
ecological benefits of oysters by establishing areas where harvest is prohibited or delayed.  
Virginia’s oyster management plans have included designating oyster sanctuaries where harvest 
is prohibited, creating artificial reefs to increase habitat available for oysters, and imposing 
harvest limits.  Virginia historically relied on natural spat set in highly saline waters to populate 
its sanctuaries.  Recently, Virginia also has planted hatchery-raised oysters bred for disease 
resistance in its management programs.  


 
Areas in Maryland set aside for restoration include both sanctuaries and harvest reserves.  


Sanctuaries are closed to harvest indefinitely by law and regulation.  Reserves are stocked and 
closed to harvest long enough to allow a predetermined percentage of the oysters to grow to 
market size.  Once this objective is achieved, reserves are opened to harvest.  Reserves are 
designed to allow the reefs to provide ecosystem services for some period of time before the 
surviving oysters are harvested.  Sanctuaries and reserves in Maryland are usually seeded with 
disease-free oyster spat-on-shell5 produced in oyster hatcheries rather than using natural seed 
transplanted from seed-areas in the lower Bay, which typically are infected.  Sanctuary reefs in 
Maryland are constructed in subtidal areas by planting shell or alternative materials (i.e., 
concrete, stone, slag) at a thickness of four to eight inches.  Smith et al. (2005) showed that 
oyster substrate created as part of restoration programs becomes covered with sediment after an 
average of five and a half years, limiting its long-term benefit.  In general, sanctuary programs 
have established some successful reefs but have contributed a relatively small number of oysters 
to the total population of the Bay.  Their contribution also appears to have been limited by illegal 
harvesting in some areas that are supposed to be closed to harvest by regulation. 


 
1.3.3 Funding for Oyster Restoration 


 
Funds contributed by the States and the Federal government to support in-water 


restoration of the native oyster population and recovery of the fishery throughout Chesapeake 
Bay totaled approximately $17 million for sanctuaries and $41 million for harvest areas from 
1994 through 2006 (Figure 1-3). Section 5021 of the Water Resources Development Act of 2007 
increased USACE’s authorization limit for native oyster restoration activities in Chesapeake Bay 
from $30 million to $50 million, although funding has to date not be made to that limit..  


 
The annual production of hatchery-raised oyster seed increased from 38 million in 2000, 


to 350 million in 2006.  The hatchery-raised seed oysters have been distributed to managed 
reserves, harvest grounds, and sanctuaries to “jumpstart” recovery efforts in Chesapeake Bay.  
Oyster restoration partners prepared and/or seeded nearly 600 acres of suitable bottom habitat in 
Chesapeake Bay.  In 2006, the USACE planted shell on approximately 51 acres in the Chester, 
Choptank, and Severn rivers and continued seeding reefs in the Great Wicomico River (DNR 
2007).  
 
 
                                                 
5 “Spat-on-shell” refers to hatchery-reared oyster larvae that are allowed to settle in groups on pieces of shell in the 
hatchery.  The oyster-covered shell is then transplanted to the areas for planting. 
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Figure  1-3. State and Federal funding for oyster sanctuary and harvest programs in Maryland 
and Virginia from 1994 through 2006; figures include the States’ expenditures as 
well as Federal funds from the USACE, EPA, and NOAA; data compiled by DNR. 


 
1.3.4 Constraints on Restoration Programs 


 
Funding clearly is a potential constraint on the continuation or expansion of oyster 


restoration programs.  As shown in Figure 1-3, concern about the status of the oyster in 
Chesapeake Bay at both local and national levels resulted in a nearly five-fold increase in 
funding between 1994 and 2006. Regardless of funding, limited availability of hatchery capacity 
for producing seed oysters and lack of sufficient substrate material for increasing oyster habitat 
could both limit the future scope of restoration programs.  Existing hatchery capacity in the Bay 
was considered in defining the restoration strategies evaluated in this Draft PEIS (Section 2).  
Expanding existing hatcheries or constructing new ones to supply enhanced restoration efforts 
would require increased funding.  One alternative to increasing hatchery capacity would be to 
purchase Eastern oyster spat from hatcheries outside the Bay area.  Meeting the demand for 
habitat enhancement material is more problematic. 


 
The current high rate of loss of oyster habitat combined with the disappearance of sources 


of shell for enhancing habitat are generally recognized as major obstacles to all oyster restoration 
efforts.  A sampling of 18 oyster bars considered to be representative of oyster habitat in 
Maryland’s portion of the Bay revealed a 70% loss of suitable oyster habitat on those bars 
between about 1980 and 2000, suggesting a 3.5% loss of oyster habitat each year (Smith et al. 
2005; Attachment 1 of Appendix A). Sedimentation and the deterioration of existing shell both 
contribute to this loss.  Mann (2007a) found that that 20% or more of the shell stock in the James 
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River is lost each year as a result of natural processes.  The high rate of habitat loss is a critical 
issue for the future of oyster populations because larval oysters require hard substrate on which 
to settle.  A healthy, growing oyster population 
creates its own habitat through production of new 
shell.  At their current low level of abundance in the 
Bay, oysters are not creating adequate amounts of 
new shell to support a significant increase in the 
population.  The two sources of shell available for 
habitat restoration in the past were shucking houses 
and buried shell deposits dredged from the bottom of the Bay.  These sources have waned or 
ceased to exist completely, resulting in a significant shortage of new shell for oyster restoration 
programs.  Continuing habitat degradation throughout the Bay decreases whatever potential may 
exist for reproductive success of the existing remnant oyster stock (Mann and Powell 2008).  The 
limited ability to increase and maintain new areas of clean substrate for larval settlement, 
therefore, is a major constraint on restoration programs in both states.  
 


1.3.5 Outcomes of  Management Programs 
 


As implemented to date, the management programs described above have produced no 
substantial increase in oyster harvests over the past decade.  The 10-year average harvest from 


1997 to 2006 was 1.3 million pounds (approximately 
186,700 bushels) with a standard deviation of 1.1 million.  
The average from 2002 to 2006 was 0.4 million pounds 
(approximately 57,100 bushels) with a standard deviation of 
0.3 million pounds (D. Lipton, U. of MD, pers. comm.).  
The decreasing average harvest for the most recent five 


years clearly illustrates that management efforts have not enhanced harvests.  Decreasing oyster 
harvests generally indicate a decreasing population of market-size oysters (more than 3 inches 
long).  Other factors, however, can contribute to a decrease in harvest (e.g., establishment of 
oyster reserves and sanctuaries where harvest is limited or prohibited), and harvest figures 
provide no information about the abundance of young oysters that have not yet reached market 
size. 


 
Neither Maryland nor Virginia conducts surveys to estimate the size of the oyster 


populations in their respective portions of the Bay; however, data from several fishery-
independent surveys conducted for management purposes provide a means of developing such 
estimates.  These estimates are available at a Web site entitled “Chesapeake Bay Oyster 
Population Estimates” (http://www.vims.edu/mollusc/cbope/basin.htm).  A more recent recalcu-
lation of population estimates for Maryland waters is documented in Attachment 7 of Appendix 
A to this Draft PEIS.  Figure 1-4 presents estimates of Bay-wide oyster biomass for the years 
1994 to 2006; data for Virginia are from the Web site noted above, and data for Maryland are 
from Attachment 7 of Appendix A.  The size of the population is estimated in terms of biomass 
because that measurement allows all ages and sizes of oysters to be counted together and because 
biomass is a useful measure of the magnitude of ecological services that the population may be 
contributing.  


 


The current high rate of loss of oyster habitat 
combined with the disappearance of sources of 
shell for enhancing habitat are generally 
recognized as major obstacles to all oyster 
restoration efforts.  


As implemented to date, management 
programs have produced no substantial 
increase in oyster harvests over the 
past decade.  
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Confidence limits on estimates for Maryland are presented in Attachment 7 of Appendix 
A; no confidence limits are available for the estimates for Virginia.  All of these population 
estimates have a high degree of uncertainty.  Only the Maryland data were sufficient to support 


trend analysis. The annual estimates vary considerably, 
but there is no statistically significant trend in oyster 
abundance in Maryland over the indicated period.  The 
2006 total is about 88% of the total for 1994, and the 
likelihood of attaining the Chesapeake 2000 goal of a 
standing oyster population that is 10 times greater than 


the 1994 baseline by the year 2010 appears small.  These data and the harvest data suggest that 
recent oyster management programs have not increased the Bay-wide population of oysters and 
have not enhanced the oyster fishery in the Bay.  It is not clear whether the local increases in 
oyster abundance reported from some of the successful restoration projects described in Section 
1.3 are included in the population estimates presented in Figure 1-4. 


 
 


Figure  1-4. Estimated biomass of oysters present in the Maryland and Virginia portions of 
Chesapeake Bay from 1994 to 2006.  Estimates are based on fishery-independent 
surveys conducted by DNR and the Virginia Institute of Marine Science.   


 
A group called the Oyster Restoration Evaluation Team (ORET), comprised of oyster 


researchers from the University of Maryland and VIMS, has initiated a study to examine the 
results of oyster restoration efforts since 1990 throughout Chesapeake Bay.  The ORET’s 
objective is to synthesize the lessons learned regarding specific scientific and management goals 
that have driven restoration efforts and, in particular, the success to date in reaching those goals. 
The first step in the evaluation process, consolidating available data, was completed in 2008 and 
is summarized in a preliminary report entitled Meta Data Analysis of Restoration and 
Monitoring Activity Database (ORET 2008).  No specific conclusions can be drawn yet; 
nevertheless, the ORET made a number of preliminary observations.  The database documents a 
wide array of activities, goals, and objectives drawn primarily from programs funded by 
Maryland and Virginia.  The data are mostly qualitative and do not afford the opportunity to 
quantify changes in the size of the oyster population over time, even on a site specific basis.  The 
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baseline by the year 2010 appears small. 
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ORET identified the need for quantitative data collected from both restored and un-restored reefs 
following well-conceived restoration designs and monitoring plans to facilitate definitive 
analyses of the results of restoration activities. 
 


1.4 CONSIDERING THE INTRODUCTION OF A NONNATIVE OYSTER 
 


Recognizing the failure of current management programs to reverse the long-term decline 
of the Bay-wide oyster population, Maryland and Virginia began to consider nontraditional 
approaches to rebuilding the oyster stock.  Oyster diseases appear to be a significant factor 
inhibiting the recovery of the stock; therefore, one approach being considered is to introduce a 
nonnative oyster that has environmental requirements similar to those of the Eastern oyster and 
might provide similar ecological services but is resistant to MSX and Dermo.  Initial 
investigations during the 1990s focused on the Pacific oyster (C. gigas) which is native to Asia 
and has been cultivated in many estuaries throughout the world (Mann et al. 1991).  Pacific 
oysters can acquire Dermo but tend not to suffer appreciable mortality or growth effects (Barber 
and Mann 1994; Calvo et al. 2001).  Although the Pacific oyster demonstrated resistance to MSX 
and Dermo in tests in Chesapeake Bay, it was subject to severe mud blistering caused by a 
native, shell-boring worm called Polydora.  The effects of Polydora rendered most Pacific 
oysters grown in Chesapeake Bay waters unmarketable and increased their vulnerability to 
predation by weakening their shells (Calvo et al. 1999).   


 
The Suminoe oyster (C. ariakensis), another nonnative oyster from Asia currently being 


considered for introduction, was first imported to the West Coast of the United States in 1957 to 
be evaluated for use in aquaculture. No stocks descended from those early imports exist today.  
The “Oregon stock” of Suminoe oysters originated from a shipment of seed imported from 
Ariake Bay, Japan, between 1969 and 1971 (Bohn et al. 2004).  These seed oysters were grown 
in a bed with other oysters in Yaquina Bay, Oregon, where a shellfish grower noticed that a few 
oysters grew unusually quickly.  Analyses conducted by what is now the Hatfield Marine 
Science Center of Oregon State University (OSU) identified the fast-growing specimens to be 
Suminoe oysters.  Researchers from OSU recovered 12 to 15 adult Suminoe oysters from the bed 
in Yaquina Bay and spawned them in hatcheries.  OSU conducted field trials to examine growth 
rates in Tomales Bay, California (in bags on racks); Mud Bay, Washington (on bottom); Yaquina 
Bay, Oregon (in rafts); and Coos Bay, Oregon (bottom culture) between 1990 and 1993.  The 
University of Washington conducted field studies on reproduction and gonad maturation in 
Oakland Bay, Washington (Perdue and Erickson 1984).  OSU later transferred the brood stock to 
commercial hatcheries that frequently held oysters to produce seed for private growers.  OSU has 
tracked the progeny of these founding Suminoe oysters for more than 30 years (Perdue and 
Erickson 1984; Langdon and Robinson 1996). 


 
Hatchery production of the Suminoe oyster by commercial growers on the West Coast 


was sporadic and brief due to difficulties with rearing the species and competition with the 
numerous varieties of oysters available for the niche markets at which growers were targeting the 
Suminoe oyster.  Although several growers obtained Suminoe seed through OSU, the most 
experienced was Louis Wachsmuth, the founder of the Oregon Oyster Company (OOC) and the 
grower on whose beds the initial Suminoe oysters were discovered.  Mr. Wachsmuth experi-
mented with cultivating the Suminoe oyster on the bottom and in floating cages.  The OOC 
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maintained 80 to 100 acres of commercial Suminoe oyster beds for an extended period of time.  
In a presentation to the Pacific Coast Oyster Grower’s Association in 1979, Mr. Wachsmuth 
ranked the Suminoe oyster the highest among seven species for several commercial traits.  Other 
growers that produced Suminoe seed included the Bay Center Oyster Company in Bay Center, 
Washington; the Lummi Indian Nation in Bellingham, Washington; and the Whisky Creek 
Shellfish Hatchery in Netarts, Oregon.  The brood stock maintained by the Lummi Indian Nation 
eventually was transferred to North Carolina through the Virginia Institute of Marine Science 
(VIMS). 


 
The brood stock held by Taylor Shellfish Farms at Totten Bay, Oregon, and North Bay, 


Washington, are the only remaining descendents of the Oregon stock being held on the West 
Coast.  The stock has spawned 5 times in 15 years.  The several generations of this stock are free 
of pathogens and have not experienced any unusual mortality (Bohn et al. 2004).  Seed or 
progeny from the seed of this stock have been used in field and lab studies in Chesapeake Bay 
and in North Carolina (e.g., Calvo et al. 1999, 2000, 2001; NRC 2004).  The founding population 
of the Chesapeake Bay brood stock of Suminoe oysters being maintained at VIMS and at the 
Horn Point laboratory in Maryland consisted of 9 males and 7 females that were progeny of the 
original Oregon stock of 12 to 15 Suminoe oysters whose descendents are now being maintained 
by the Taylor Shellfish Company (S. Allen, VIMS, pers. comm.).  The Oregon stock also 
provided a source of seed for research projects in France (NRC 2004).  


 
Studies to assess the extent to which the Suminoe oyster might be suited to estuarine 


environments along the East Coast began in North Carolina in 1996 and in  the Chesapeake Bay 
region in 1998 (Attachment A of Appendix B).  Biosecurity measures are employed to avoid 
unintentionally introducing the species into East Coast estuaries during these studies.  Special 
containment facilities were established at the hatcheries in Maryland and Virginia where the 
species is housed and propagated.  The Suminoe oysters to be deployed for studies in Bay waters 
are altered to render them almost completely sterile6 and contained in bags or cages during the 
studies.  These studies have shown that MSX and Dermo typically do not kill Suminoe oysters 
and that Suminoe oysters generally grow faster than Eastern oysters (details of study findings are 
presented in Section 4.1.1 and in Appendix B, Section 4.2).  These biological attributes have lead 
proponents of an introduction to believe that the species could become established and prosper in 
Chesapeake Bay and enhance both the oyster fishery and the ecological services provided by 
oysters.   


 
Planned and accidental introductions of nonnative species, however, often have had 


unexpected negative effects on the ecosystems that receive them (Kolar and Lodge 2001); 
moreover, the introduction of a naturally reproducing nonnative shellfish species into an open 
aquatic environment is almost certainly irreversible (NRC 2004; McKindsey et al. 2007).  In 
response to such concerns, the Chesapeake Bay Commission, the Chesapeake Bay Foundation, 
EPA, and the U.S. Senate Committee on Appropriations asked the NRC of the National 
Academy of Sciences to describe the state of knowledge about the Suminoe oyster in order to 


                                                 
6 A normal, fertile oyster has two sets of chromosomes (i.e., diploid or 2n), but an altered “triploid” oyster has three 
sets (3n).  The presence of a third set of chromosomes generally reduces the likelihood that an oyster can spawn 
successfully even though it develops gonadal tissue and produces some gametes.  See Section 4.1.6 for more 
information about how triploids are produced. 
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assess the risks involved with introducing the species into Chesapeake Bay.  The NRC’s report, 
Nonnative Oysters in the Chesapeake Bay (NRC 2004), identified gaps in the state of knowledge 
about the Suminoe oyster and recommended research needed to support an adequate risk 
assessment.  An additional review by the Scientific and Technical Advisory Committee (STAC) 
of the CBP also identified research needs and ranked them according to priority (Breitburg et al. 
2004).  In 2004, Maryland, Virginia, and the PRFC funded some of the needed research, and 
NOAA initiated a three-year research program to fill the gaps in research that the NRC and 
STAC identified has having the highest priority.  This Final PEIS incorporates the results, to 
date, of those studies and others that have been or are being conducted to address research needs 
related to the proposed action to introduce the Suminoe oyster in Chesapeake Bay.   


 
Section 2 describes the proposed action and alternatives in detail, provides justification 


for dismissing two alternatives from further consideration in PEIS analyses, presents a summary 
comparison of the alternatives, and identifies the preferred alternative and the basis for selecting 
it.  Section 3 describes the potentially affected natural and human environments defined for this 
PEIS, and Section 4 describes and evaluates the predicted environmental consequences of the 
proposed action and six alternatives.  Section 5 describes the public scoping and consultation 
components of the NEPA process for this PEIS and presents a summary of comments that were 
received on the Draft PEIS.   
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2 Description of the 
Proposed Action and 


Alternatives 
 
 


2.1 DEVELOPMENT OF THE PROPOSED ACTION AND ALTERNATIVES 
 


2.1.1 Estimating a Benchmark Population Based on the Statement of Purpose 
 
 The size of the Bay-wide oyster population between 1920 and 1970 cited in the statement 
of purpose defined for this PEIS (Section 1.1.2) was never documented; therefore, the population 
during that time had to be estimated to establish a benchmark for evaluating the extent to which 
the proposed action or alternatives might be capable of meeting the stated goal.  The numerous 
assumptions that were required to estimate the historical benchmark population, which are 
discussed below, illustrate the deficiencies in knowledge about the dynamics of the Eastern 
oyster population in Chesapeake Bay.  The uncertainties created by those deficiencies are noted 
and their consequences are addressed in the analyses presented in Section 4. 
  


Recorded commercial landings were the only historical data available from which to 
estimate the average abundance of oysters between 1920 and 1970; therefore, the size of the 
benchmark population had to be estimated in terms of the number of market-size oysters (more 
than 3 inches long).  The average annual harvest between 1920 and 1970 was on the order of 35 
million pounds (Figure 1-1), which is roughly equivalent to five million bushels.  Applying the 
estimate of 275 market-size oysters per bushel used in the economics analyses for this PEIS 
(Section 4.6.2), 5 million bushels would contain 1.4 x 109 market-size oysters.7  No estimates of 
annual exploitation rates8 are available for 1920 through 1970.  Annual exploitation rates in 
Maryland from 1994 to 2007 have been estimated to range from 8% to 18% (Table 7 in 
Attachment 7 of Appendix A).  As discussed in Section 4.1.4, oyster populations are unlikely to 
be able to sustain harvest rates greater than about 20% per year (E. Powell, Rutgers University, 
pers. comm.).  If historical exploitation rates between 1920 and 1970 ranged from 8% to the 20% 
considered to be the maximum sustainable range, the number of market-size oysters in any given 
year needed to support an average annual harvest of 5 million bushels over several decades 
would range between 6.9 x 109 and 1.7 x 1010.   The midpoint of this range (i.e., 12 billion 
market-size oysters), therefore, affords a roughly estimated goal that is consistent with the 


                                                 
7 The number of oysters in a bushel varies depending on the size distribution of the oysters being harvested.  It also 
differs between Maryland and Virginia: a “Virginia bushel” is 7% larger in volume than a “Maryland bushel.”  The 
value of 275 oysters per bushel was used as the standard unit in all analyses reported in this Draft PEIS.   
 
8 The term “annual exploitation rate” refers to the percentage of the population of market-size oysters that is 
removed from the population in a year. 
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statement of purpose defined for this PEIS.9  The outcomes of the proposed action and 
alternatives were evaluated against that benchmark.   


 
Many analyses in Section 4 (Environmental Consequences) as well as the estimated size 


of the oyster population shown in Figure 1-3, are discussed in terms of the biomass of the total 
oyster population; however, the benchmark goal could not be expressed in those terms for two 
reasons.  First, it is not possible to estimate the number of oysters smaller than market size that 
would be required to maintain a population of 12 billion market-size oysters.  When conditions 
favor settlement and survival of oyster spat, even a small number of oysters can quickly increase 
into a large population because of the species’ enormous reproductive potential (Section 1.3.1); 
furthermore, in the absence of virulent diseases, oysters are long-lived.  A single year of very 
successful spawning, therefore, could result in a large number of market-size oysters being 
available to harvesters for several years if the intensity of fishing effort remained fairly constant, 
while during those same years the number of small oysters might decrease as a result of poor 
spawning conditions (i.e., large volume of fresh-water inflow).  Second, the benchmark estimate 
of 12 billion market-size oysters, which was calculated using exploitation rates and annual 
harvests, is based on the premise that landings from 1920 to 1970 all were from public bars that 
were open to oystering.  This assumption probably was true for harvests from Maryland but is 
not likely to have been true for harvests from Virginia. About two-thirds of Virginia’s oyster 
harvest historically has been supported by private investment on leased grounds (J. Wesson, 
VMRC, pers. comm.).  This system of aquaculture produces landings that would not occur 
independently of the manipulation of shell and seed by growers and, therefore, that are not 
totally dependent on the health and status of the wild oyster stock.  Depending on the proportion 
of harvest between 1920 and 1970 that was supported by private investment in Virginia, which is 
unknown, the size of the wild stock required to support average annual landings of 5 million 
bushels over several decades could be considerably smaller than the estimated benchmark of 12 
billion market-size oysters.  


 
In fact, if taken to its logical conclusion, expanding aquaculture to produce 5 million 


bushels of oysters a year could achieve one element of the stated goal in the absence of any wild 
stock in the Bay.  The statement of need for the actions being evaluated in this PEIS clearly 
indicates, however, that “a need exists to restore the ecological role of oysters in the Bay and the 
economic benefits….”   Although large-scale aquaculture of oysters in Chesapeake Bay probably 
would produce local ecological benefits (e.g., improvements in water quality), cultivated oysters 
would not be capable of providing the magnitude and kinds of ecological services throughout the 
Bay that a fully restored stock of wild oysters would produce (Sections 4.2.5 and 4.2.6). 
Furthermore, natural oyster reefs expected to be created by a fully restored stock of wild oysters 
that could provide the desired ecological benefits could not withstand many of the methods 
currently used to harvest oysters.  Any kind of dredging or tonging would result in breaking up 
the “clusters” of oysters that are the foundation of a developing reef.  Such methods would have 
                                                 
9 Some stakeholders contend that even though harvest remained relatively constant over the specified  period, that 
level of harvest was, in fact, not sustainable.  If that contention is correct, then excessive harvesting in preceding 
decades could have been substantially responsible for the declines in population and harvest observed since the 
1970s. Available data and information are insufficient to assess the relative importance of harvest, disease, and other 
factors (e.g., water quality) in contributing to the decline in oyster stocks and their inability to  recover despite 
interventions to date.      
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to be prohibited to promote and preserve reef structures, thus constraining the potential 
magnitude of harvests of a restored stock.   


 
These factors and the analyses presented in Section 4.1 illustrate a significant 


contradiction inherent in the statement of purpose for oyster restoration between the goals of 
restoring the ecological services of an abundant wild stock of oysters and restoring the economic 
contributions of the oyster fishery when the proposed action or alternatives are considered 
individually as potential means of reaching those goals.  Several stakeholders who commented 
on the Draft PEIS recommended restating the purpose to establish two distinct goals, one 
economic and one ecological, and re-evaluating  the proposed action and all alternatives (or 
additional alternatives) for their potentials to achieve each of those separate goals. Given the 
limited data and information available, however, the analyses of the broad, general actions 
described in this programmatic EIS provide considerable insight concerning how a wide range of 
possible actions might contribute to achieving economic and ecological objectives; consequently, 
restating the purpose and restructuring the analyses was deemed to be unnecessary.  In lieu of 
redefining the goals of restoration individually, the lead agencies defined combinations of 
alternatives that could address both goals.  All three of the combinations of alternatives include 
aquaculture of one or both species of oysters together with enhanced restoration actions; 
therefore, each combination provides a viable means of resolving the contradiction inherent in 
the statement of purpose.   
 


2.1.2 Defining the Proposed Action  
 
 Maryland and Virginia proposed to introduce the disease-resistant Suminoe oyster into 
the Bay because oyster diseases appear to be a major factor inhibiting the recovery of the Eastern 
oyster population (Section 1.4).  Proponents of the proposed action reasoned that introducing a 
disease-resistant oyster might be a cost-effective means of restoring the Bay’s oyster population 
if the species is able to survive, reproduce, and colonize the large portions of the Bay where the 
Eastern oyster is currently depleted.  A population capable of sustaining itself in Chesapeake Bay 
could supplement the stock of Eastern oysters that is being augmented (i.e., by planting seed 
oysters) through current restoration programs and also might increase the amount of shell in the 
Bay.  Introducing a nonnative species, however, might also result in introducing devastating new 
diseases to which native organisms might be vulnerable.  The wording of the proposed action 
developed by the PDT with public input obtained during scoping accounts for that concern as 
follows: 
 


The State of Maryland and Commonwealth of Virginia propose to introduce the 
nonnative Suminoe oyster into the tidal waters of Maryland and Virginia for 
the purpose of establishing a naturalized, reproducing, and self-sustaining 
population of this Asian species. Diploid Suminoe oysters would be propagated 
from existing third or later generations of the Oregon stock of this species, in 
accordance with the ICES Code of Practices on the Introductions and 
Transfers of Marine Organisms 1994 (ICES 1995).  Diploid Suminoe oysters 
produced in hatcheries would be deployed first on State-designated sanctuaries 
(separate from native oyster restoration projects), where harvesting would be 
prohibited permanently, then on harvest reserves and special management 
areas, where selective harvesting would be allowed.  The States further propose 
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to continue efforts to restore the native Eastern oyster throughout the 
Chesapeake Bay by using the best available restoration strategies and stock 
assessment techniques, including maintaining and expanding the existing 
network of sanctuaries and harvest reserves, enhancing the brood stock, and 
supplementing natural recruitment of the species with hatchery-produced spat.  
 
The use of the Oregon stock and ICES protocols to introduce the Suminoe oyster were 


proposed to minimize the risk of introducing new diseases (Section 4.1.1 and Appendix B - 
Section 4.2.3).  DNR, VMRC, and PRFC developed a representative plan for implementing the 
proposed action to serve as input to analyses for the PEIS; that plan is described in detail in 
Section 4.1.1.  The representative implementation plan was designed to be reasonably realistic 
but not to be a specific recommendation for an introduction, if the proposed action were to be 
selected as the preferred alternative.  The plan simply represents the kinds of actions that might 
be taken to implement the broad programmatic proposal being evaluated.  The agencies did not 
consider cost specifically when developing the representative implementation plan.  The kind 
and level of effort included in the plan represent realistic expectations of increases in funding 
that the agencies believe might be available.  The scope of the representative introduction plan 
was intended to be sufficient to produce a significant increase in the oyster population, and that 
potential outcome was investigated in this PEIS. The PDT intended the cost of the representative 
introduction plan to be estimated as part of the economic analysis of the proposed action. 


 
2.1.3 Defining the Alternatives 


 
The PDT defined the alternatives to the proposed action after extensive discussion and 


debate.  Alternative 1 is the “no action” alternative.  All environmental impact statements must 
include a “no action” alternative to represent the baseline conditions against which to evaluate 
the proposed action and other alternatives.  The “no action” alternative for this PEIS is simply a 
continuation of oyster restoration programs implementing traditional restoration measures at the 
level of effort expended during 2004.10  The expected outcomes of continuing restoration 
programs at the 2004 level, therefore, provide the benchmark for comparison with the outcomes 
of the proposed action and all other alternatives.   


 
The PDT defined the seven additional alternatives described in the Notice of Intent to 


represent a variety of distinct strategies for attempting to achieve the stated purpose for action.  
They reasoned that considering a wide range of alternatives would increase the likelihood that 
analyses might reveal clear differences in outcomes. The alternatives represent the major 
approaches being advocated by different agencies or stakeholders in Chesapeake Bay oyster 
restoration.  The scope of the alternatives is appropriately broad because this is a Programmatic 
EIS.  Each of the broadly defined strategies for restoring oysters could be implemented in a 
variety of ways. PEIS analyses are not intended or designed to identify optimal implementation 
plans; however, as described earlier, a reasonable representative implementation plan was 
identified for each alternative to provide a basis for evaluating the potential outcomes of the 
alternatives. The PDT chose to define two somewhat different approaches for implementing 
Alternative 2 to reflect the range of current hypotheses about how best to distribute effort to 
increase the population of the native oyster (Section 2.2.2).  
                                                 
10 PEIS preparation began in 2004. 
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As in the case of the proposed action, the PDT did not consider cost while developing the 
alternatives.  Each alternative and its representative implementation plan were developed based 
on knowledge of past and current oyster management and restoration programs in the Bay and on 
actions and programs that the PDT believes could reasonably be expected to be feasible for 
implementation in the future. Estimating the cost of implementing the alternatives according to 
the representative plans was among the analyses performed to prepare this PEIS (Section 4.6.2). 
The estimated costs differ substantially.  The outcome of an alternative probably would change if 
the level of effort and amount of funding were significantly different than is described for the 
representative plans, but such relationships were not investigated for the individual alternatives 
evaluated in this PEIS. 


 
Alternative 8 in this PEIS is called “Combination of Alternatives.”  The lead agencies 


defined combinations of alternatives near the completion of the Draft PEIS.  Based on the 
analyses of the individual alternatives available at that time, several combinations were defined 
to explore how the distinctly different approaches represented by the individual alternatives 
might be combined to improve the likelihood of achieving oyster restoration goals.  Analyses of 
Alternative 8 are based on the outcomes of the analyses of the individual alternatives. 


 
 After initial evaluations and analyses, the PDT concluded that two of the eight 
alternatives listed in the Notice of Intent, Alternatives 6 and 7, did not merit detailed analysis in 
this PEIS.  The basis for those decisions is presented in Section 2.2 Alternatives Evaluated but 
Eliminated from Detailed Analysis. 
 


2.1.4 Alternative 1:  No Action 
 
Alternative 1 is:  No Action—Not  taking the proposed action: Continue Maryland’s 


present oyster restoration and repletion programs, and Virginia’s oyster restoration program 
under current program and resource management policies and available funding using the 
best available restoration strategies and stock assessment techniques. 


 
This alternative maintains the status quo and assumes that funding and resources for 


oyster restoration programs would continue as they were during 2004. Details of the States’ 
restoration activities during 2004 are presented in Attachment 5 of Appendix A.  One element of 
those activities, the dredged-shell planting component of Maryland’s repletion program, ended in 
2006.  Maryland has designed and will be implementing a “shell reclamation” program that 
involves retrieving previously planted shell that has since been covered with silt and replanting it 
on other bars.  That effort is expected to allow the State to continue rehabilitating habitat at the 
level achieved previously with the dredged-shell program.  Maryland also is applying for a new 
permit to resume the dredged-shell program.  If the State obtains that permit, dredging might 
provide shell resources that would allow for an increase in the level of habitat restoration; 
however, analyses for Alternative 1 assumed that habitat rehabilitation efforts will be maintained 
at the 2004 level into the future.   


 
2.1.5 Alternative 2: Enhance Efforts to Restore the Native Oyster 


 
 Alternative 2 is:  Expand Native Oyster Restoration Program: Expand, improve, and 
accelerate Maryland’s oyster restoration and repletion programs, and Virginia’s oyster 
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restoration program in collaboration with Federal and private partners. This work would 
include but would not be limited to an assessment of clutch limitations and long-term 
solutions for this problem and the development, production, and deployment of large 
quantities of disease resistant strain(s) of C. virginica (Eastern oyster) for brood stock 
enhancement.  
 


Alternative 2 was intended to provide a basis for investigating if increasing oyster 
restoration activities significantly beyond the level during 2004 would result in a substantial 
increase in the oyster population. As described in Section 4.1.3 and Attachment 5 of Appendix 
A, this alternative includes roughly doubling the number of acres of habitat to be rehabilitated 
over a 10-year period and increasing the number of seed oysters to be planted by a factor of 4.5 
over 10 years.  The method of rehabilitation would be the same as is being used currently:  
placing thin layers of clean shell on selected bars.   


 
In developing Alternative 2, the PDT determined that two different approaches for 


implementing this increased effort should be considered. The 2004 Chesapeake Bay OMP 
recommends that Maryland focus most of its effort in low-salinity areas where disease pressure 
is low, and the survival rate is maximized, but the rate of reproduction is low.  Some 
stakeholders believe that increasing restoration on sanctuaries in areas of moderate and high 
salinity would produce better outcomes because the rate of reproduction is greater in saltier areas 
and because oysters that survive and reproduce in high-salinity areas, where disease pressure is 
great, might contribute to the development of disease resistance within the population.  
Alternative 2a, consequently, would focus enhanced restoration efforts in areas of low salinity, 
whereas Alternative 2b would shift a significant portion of effort into areas of moderate and high 
salinity.  Whereas all of the seed would be planted in low-salinity areas (<10 ppt) under 
Alternative 2a, only 55% of the sites that would be seeded in Alternative 2b would be in low-
salinity areas. 


  
During development of the Draft PEIS, peer reviewers noted that the results of restoration 


programs might be enhanced if all restoration resources (i.e., shell and seed) were deployed only 
on “best bars” in order to ensure the greatest return in oyster abundance for investments in 
restoration.  DNR compiled statistics based on the findings of its oyster bar surveys conducted 
from 2003 to 2007 to identify and rank the best bars in Maryland waters.  The metrics used to 
rank the productivity of bars included consistency of spat set, mortality rate, and number of 
oysters in a sample (C. Judy, DNR, pers. comm.).  DNR considers these data when selecting bars 
for its restoration efforts, and the data were used to select the bars included in the representative 
implementation plans for Alternatives 2a and 2b.  Virginia has used similar information in 
planning its restoration programs (J. Wesson, VMRC, pers. comm.).  No data are available from 
which to determine if increases in the number of oysters in the Bay since 1994 would have been 
greater than those shown in Figure 1-3 if all restoration resources had been deployed on the 
highest-ranked best bars (e.g., if all shell and seed were allocated to only the top 10 bars instead 
of being distributed over the top 20).  The best-bar approach probably would result in greater 
oyster abundance on the best bars but would contribute to Bay-wide restoration only if those best 
bars served as "impact bars" that could generate increases in the number of oysters consistently 
over time on bars far afield from the enhanced bars (C. Judy, DNR, pers. comm.).  Detecting any 
beneficial far-field effects that could be attributed specifically to best-bar enhancements probably 
would be difficult; consequently, many years would be required to achieve a reliable test of the 
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efficacy of the best-bar approach.  Both Maryland and Virginia are considering best bars in their 
current and future implementation plans, and that concept is inherent in the representative 
implementation plans defined for Alternative 2.  


 
All of the expanded habitat rehabilitation included in the representative implementation 


plan for Alternative 2 was assumed to be of the conventional kind used in 2004 (Attachment 5 of 
Appendix A).  Another approach for increasing the amount of suitable habitat for oyster 
settlement and growth is to enhance existing oyster bars in ways that would mimic the three-
dimensional characteristics of historical oyster reefs.  Section 1.3.1 summarizes recent and past 
efforts to construct three-dimensional reefs in Chesapeake Bay and the outcomes of those efforts.  
The PDT did not include large-scale construction of three-dimensional reefs in the representative 
implementation plan for evaluating Alternative 2 because of the significantly greater cost of that 
approach and its inconsistent performance in the past.  Mann and Powell (2007) suggested that 
the potentially feasible scope of development of three-dimensional reefs is not likely to be 
sufficient to counteract the effect of the continuing loss of hard-bottom habitat throughout the 
Bay. However, Schulte et al. (2009) reported that three-dimensional reefs constructed recently 
using different techniques than those employed in the past have produced increases in local 
oyster populations at specific sites.  These reefs have produced more than 20 liters of new shell 
material for each square-meter of constructed reef since they were installed in 2004 and have 
achieved a population density of more than 1,000 oysters/m2 via natural recruitment.  Important 
questions to be considered include whether these promising early results at relatively young 
three-dimensional reefs will be sustained into the future and the extent to which such local 
enhancements can contribute to natural increases in oyster populations in other locations that do 
not receive significant habitat enhancements. The continuing loss of hard-bottom habitat is 
highlighted as a major obstacle to oyster restoration throughout this PEIS, and no attempt has yet 
been made to determine the level of habitat restoration that might be required to achieve the 
PEIS benchmark oyster population.   


 
This alternative calls for deploying disease-resistant strains of the Eastern oyster to 


enhance the wild brood stock in the Bay.  Potential use of those strains was investigated in 
conducting preliminary analyses for this PEIS.  That element of the alternative was dismissed 
during initial stages of analysis based on a general consensus among oyster researchers that using 
disease-resistant strains of oysters produced in hatcheries to supplement the wild brood stock is 
inadvisable because of the potential for adverse genetic consequences (Section 4.1.3). Numerous 
stakeholders commented on an alternative approach known as “revolving brood stock hatchery 
production” that uses wild oysters from areas in which disease resistance appears to be 
developing as brood stock in the hatchery instead of domesticated strains.   The brood stock 
would be replaced each year with new brood stock from those locations.  Analyses for 
Alternative 2 assume the use of offspring of brood stocks of wild Eastern oysters spawned in 
hatcheries each year in Maryland and Virginia. 


 
2.1.6 Alternative 3:  Harvest Moratorium 


 
Alternative 3 is:  Harvest Moratorium: Implement a temporary harvest moratorium on 


native oysters and an oyster industry compensation (buy-out) program in Maryland and 
Virginia or a program under which displaced oystermen are offered on-water work in a 
restoration program. 
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The premise of this alternative is that if harvest is a major factor precluding recovery of 


the stock of Eastern oysters in the Bay, eliminating harvest for some period of time might allow 
the stock to rebuild to a level that would provide significant ecological services and also support 
a sustainable harvest in the future.  The lead agencies did not specify how long the temporary 
moratorium might be in effect or the level of stock restoration at which harvesting might be 
allowed to resume.  The representative implementation plan for this alternative (Section 4.1.4) 
assumes that a moratorium would be in place for 10 years, which was adopted as a reasonable 
milestone for comparing the outcomes of the alternatives. The representative implementation 
plan also assumes that the cost of an industry-compensation program would be no more than the 
income that watermen earn from their oyster harvests and that current restoration programs 
would continue as described for Alternative 1.  Alternative 3, therefore, is similar to Alternative 
1, except that harvest of wild oysters would cease for an assumed period of 10 years.  One 
important point reflected in the evaluation of this alternative (Section 4.1.4) is that most of the 
oyster population that is influenced by current restoration and management is on sanctuaries and 
harvest reserves, where harvest is prohibited or significantly restricted.  Only the portion of the 
Bay-wide oyster population that is on unrestricted bars that are exposed to harvest would be 
affected by a moratorium.   


 
During development of the alternatives, the members of the PDT discussed the potential 


benefits of different strategies for managing the oyster harvest as an element of the analysis of 
Alternative 3.  Initial PEIS analyses suggested that the outcomes would be insensitive to the 
kinds of management actions that might be possible, at least relative to the goals established for 
the PEIS; therefore, alternative management strategies were not evaluated further.  In response to 
a substantial number of stakeholders’ comments on Alternative 3 as presented in the Draft PEIS, 
the lead agencies revised their concept for this alternative as a component of the combinations 
considered in Alternative 8 to represent substantially revised management programs rather than a 
complete moratorium on the harvest of wild oysters.   


 
2.1.7 Alternative 4:  Cultivate Eastern Oysters 


 
Alternative 4 is:  Aquaculture: Establish and/or expand State-assisted, managed or 


regulated aquaculture operations in Maryland and Virginia using the native oyster species. 
 
After considering several possible approaches for developing a representative 


implementation plan for this alternative, the PDT concluded that economic feasibility should be 
the primary consideration.  An economic demand model developed for use in analyses for this 
Final PEIS (Section 4.6.2) was used to explore how the value of oyster harvests would change in 
response to changes in the number of oysters entering the market. Additional analyses evaluated 
the economic viability of aquaculture operations as a function of the price paid for the oysters 
produced.  Outputs of those analyses were used to determine the maximum number of oysters 
that could be produced annually in an economically viable (i.e., profitable) aquaculture industry 
in the Chesapeake Bay area (Section 4.1.5).  Analyses of the environmental consequences of this 
alternative assumed the existence of the maximum viable aquaculture industry.  Section 4.1.5 
identifies the numerous factors that could preclude the development of the maximum industry 
but does not estimate the probability of attaining that level.  Assuming the maximum industry as 
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a basis for evaluating the consequences of Alternative 4 is a protective approach because it 
resulted in characterizing the greatest potential benefits and the worst potential adverse effects. 


 
Information about current aquaculture operations in Maryland and Virginia supplied by 


operators, managers, and regulators of those operations was used to construct a representation of 
where and how large-scale aquaculture might become established in the Bay (Section 4.1.5).  
The representative plan considers using both diploid and triploid Eastern oysters because 
triploids of both species grow faster than diploids. The term “State-assisted” was assumed to 
involve technical support, not financial incentives.  The economic analyses assumed that private 
investors would establish and expand aquaculture operations if they were profitable. In 
considering this alternative at the programmatic level, the lead agencies chose not to evaluate the 
efficiency or cost of different methods of oyster aquaculture currently being used in Chesapeake 
Bay or elsewhere in North America or the world. Analyses designed to identify the economically 
optimal methods of cultivating oysters in Chesapeake Bay may be appropriate in developing a 
specific implementation plan for the preferred alternative. 


 
2.1.8 Alternative 5:  Cultivate a Nonnative Oyster 


 
Alternative 5 is:  Aquaculture: Establish State-assisted, managed or regulated 


aquaculture operations in Maryland and Virginia using suitable triploid, nonnative oyster 
species. 


 
This alternative specifies the use of a triploid nonnative species but is not limited to the 


Suminoe oyster.  Some initial studies indicated that the Suminoe oyster survives better and 
grows faster in Chesapeake Bay than the Eastern oyster does and, therefore, is a good candidate 
for aquaculture in the bay. Several oyster growers in Virginia who participated in field trials with 
triploid Suminoe oysters found such operations to be profitable (Section 4.6.2.6); therefore, the 
PDT included this alternative in this PEIS to provide a basis for comparing the pros and cons of 
aquaculture using the native oyster with those of using a nonnative oyster. A review of studies of 
nonnative species other than the Suminoe oyster that have been considered for use in aquaculture 
in Chesapeake Bay was performed as a preliminary assessment of Alternative 6.  Based on that 
review, which is described in Section 2.3.1, the Suminoe oyster was determined to be the only 
nonnative species considered to date that has suitable environmental tolerances and could be 
economically viable for aquaculture in the Bay, and for which available information would 
support an acceptable level of analysis of the potential environmental consequences of growing 
the species in Chesapeake Bay.  Evaluations for this alternative, therefore, considered only the 
use of triploid Suminoe oysters in nonnative aquaculture.   


 
The alternative specifies the use of triploids for two reasons. First and most importantly, 


many stakeholders are concerned that using a nonnative species in aquaculture could result in 
accidentally introducing a potentially reproductive population into the Bay, as has occurred 
elsewhere throughout the world (e.g., the invasion of the Wadden Sea in the Netherlands by 
Pacific oysters brought to the area for use in aquaculture). Genetically altered triploid oysters 
generally have been believed to be incapable of reproducing and, therefore, to be unlikely to 
contribute to an accidental introduction.  The probability that producing and using triploid 
Suminoe oysters in aquaculture would result in an unintended introduction of reproductively 
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capable diploids is explored in detail in Section 4.3 of Appendix B and discussed in Section 4.1.6 
of this PEIS.  One commenter on the Draft PEIS identified several errors in the calculations 
made to estimate the numbers of diploids that might arise as a result of large-scale aquaculture of 
triploid Suminoe oysters.  Those errors have been corrected and several additional revisions 
suggested by VIMS oyster researchers have been incorporated into revised calculations 
presented in this Final PEIS.  A second reason for considering aquaculture using triploids is that 
triploids of any species grow faster than diploids of the same species because their energy is 
devoted to growth instead of to reproduction; therefore, using triploids enhances the potential 
production and economic return of an operation.    


 
Producing triploid oyster spat and constructing and operating the biosecure facilities that 


would be required to cultivate a nonnative species and minimize the risk of an unintentional 
introduction are likely to cost more than producing diploid spat and building and operating 
hatcheries that do not require biosecurity measures.  Furthermore, evaluations of this alternative 
assume that nonnative triploids would be contained in bags or cages when deployed to further 
reduce the risk of releasing them into the Bay.  Section 4.6.2.6 discusses the economic 
consequences of those factors for aquaculture production of triploid Suminoe oysters.   


 
The same approach used to define a representative implementation plan for Alternative 4 


was used in developing the plan for this alternative.  The discussion presented in Section 4.6.2.6 
addresses the fact that Suminoe oysters may have different economic value than Eastern oysters, 
depending on the composition of the oyster market, and that the differing value could influence 
how these two aquaculture alternatives might evolve over time.  Oysters for the half-shell market 
draw higher prices than oysters for the shucking market, and some attributes of the Suminoe 
oyster appear to make it less suitable for the half-shell market than the Eastern oyster.  That issue 
and its implications for the success of aquaculture operations using triploid Suminoe oysters are 
discussed in the economic analyses presented in Section 4.6.2.6.  The representative 
implementation plan for this alternative was developed assuming that methods of cultivation to 
be used in the future would be the same as those currently in use in Chesapeake Bay.  The 
analysis of this alternative was not designed or intended to identify the economically optimal 
methods of cultivating triploid Suminoe oysters in Chesapeake Bay. 


 
2.1.9 Alternative 8:  Combination of Alternatives 


 
 This alternative includes three combinations of oyster restoration activities included 
among those evaluated in this Final PEIS.  The lead agencies defined these combinations near 
the completion of analyses for the Draft PEIS in an effort to resolve the contradiction between 
economic and ecological objectives discussed earlier to achieve the greatest potential to restore 
the economic, cultural, and ecological benefits of oysters in Chesapeake Bay.  The combinations 
were presented in the Draft PEIS to provide stakeholders with the opportunity to consider and 
comment on options that would include the most promising elements of the proposed action and 
other alternatives. In considering the potential benefits and risks of each of these combinations, 
the lead agencies recognized that financial and physical constraints (e.g. oyster hatchery 
capacity, shell resources) might require some activities included as part of a combination to be 
implemented on smaller scales than were considered in evaluating the individual alternatives and 
the proposed action. The lead agencies will identify management actions that would best meet 
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restoration objectives of the States of Maryland and Virginia in future plans for implementing the 
preferred alternative.  The combinations of alternatives that were evaluated include: 
 


• Combination 8a  –  Eastern oysters only 
 Alternative 2: Enhance efforts to restore Eastern oysters 
 Alternative 3: Impose a temporary harvest moratorium and a compensation 


  program for the oyster industries 
 Alternative 4: Cultivate Eastern oysters 


 
• Combination 8b  –  Eastern oysters and triploid Suminoe oysters 


 Alternative 2: Enhance efforts to restore Eastern oysters 
 Alternative 3: Impose a temporary harvest moratorium and a compensation  


program for the oyster industries 
 Alternative 4: Cultivate Eastern oysters 
 Alternative 5: Cultivate triploid Suminoe oysters 


 
• Combination 8c –  Eastern oysters and both diploid and triploid Suminoe 


oysters. 
 Proposed action:  Introduce diploid Suminoe oyster and continue native oyster  


  restoration 
 Alternative 2: Enhance efforts to restore native oysters 
 Alternative 3: Impose a temporary harvest moratorium and a compensation  


 program for the oyster industries 
 Alternative 4: Cultivate Eastern oysters 
 Alternative 5: Cultivate triploid Suminoe oysters 


 
Table 2-1 is an overview of the definitions of the proposed action and all alternatives 


evaluated in this Final PEIS. 
 


2.2 ALTERNATIVES CONSIDERED BUT ELIMINATED FROM DETAILED 
ANALYSIS 


 
2.2.1 Alternative 6:  Introduce Another Nonnative Oyster Species 


 
Alternative 6 is: Introduce and propagate in the State sponsored, managed or regulated 


oyster restoration programs in Maryland and Virginia, a disease resistant oyster species other 
than C. ariakensis, or an alternative strain of C. ariakensis, from waters outside the United 
States in accordance with the ICES 1994 Code of Practices on the Introductions and 
Transfers of Marine Organisms. 


 
The suitability of nonnative oyster species other than the Suminoe oyster for propagation 


in the Chesapeake Bay was reviewed in two studies.  Mann et al. (1991) reviewed ranges of 
temperature and salinity for growth of larvae and adults and for optimal spawning of various 
species of oysters of the genera Crassostrea and Ostrea.  Carriker and Gaffney (1996) reviewed 
the native ranges and areas of successful naturalization of several species of oysters as well as 
the maximum sizes they attain. Results of these two studies are summarized in Table 2-2. 
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Table  2-1.  Overview of proposed action and alternatives evaluated in the PEIS for Oyster Restoration in Chesapeake Bay;  


Xs indicate expected conditions for each of the alternatives. 
Funding for Effort 


to Restore  
the Native Oyster 


Harvest 
Restrictions* 


 
Aquaculture 


 
Deployment of  


Nonnative Oyster Alternative # / Description 
 


Status Quo 
 


High 
 


As Is 
 


Moratorium 
 


As Is Increased 
 


None 
Diploid  
(Fertile) 


Triploid 
(Sterile) 


Proposed Action – Introduce Suminoe Oyster and 
Continue Effort to Restore Eastern Oyster X  X  X   X  
1 – No Action X  X  X  X   
2a – Enhance Native Restoration (100% in low salinity)  X X  X  X   
2b – Enhance Native Restoration (55% in low salinity)  X X  X  X   
3 – Harvest Moratorium X   X X  X   
4 – Cultivate Eastern Oysters X  X   X X   
5 – Cultivate a Nonnative Oyster X  X   X   X 
8a – Combination (Alts. 2, 3, and 4)  X  X  X X   
8b – Combination (Alts. 2, 3, 4, and 5)  X  X  X   X 
8c – Combination (PA and Alts. 2, 3, 4, and 5)  X  X  X  X X 
* For evaluations of the proposed action and alternatives, harvest restrictions were limited to either “as is” or “moratorium.” Implementation of the preferred alternative is likely to 


involve regulatory changes other than those presented in this table. 
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Table  2-2.  Comparison of environmental preferences and tolerances of nonnative oysters considered for use in Chesapeake Bay 


Adults Larvae 
General Characteristics 


Temp. (°C) Salinity (ppt) 


Species Native Range Introduced 
Max. Size 


(cm) Growth Spawning Growth Spawning 


Temp. 
(C) 


Salinity 
(ppt) 


Crassostrea angulata Southern Europe, Portugal France 18 20-30 7-40  
(30-40)* 21-43 < 32  21-43 


(28-35) 


C. gasar 
Central Western Africa, 
Senegal to Angola   large 25-30 5-34 14-20       


C. gigas 
 
 


Indo-West Pacific to 
Pakistan to Japan, Korea, 
Philippine Islands; 
Borneo, and Sumatra; 
along the Chinese coast 


Western Coasts of  
Canada, U.S., Mexico; 
Chile, Korea, Taiwan, 
New Zealand, Australia, 
coastal European 
countries 


40-45 
 


3-35 
(11-34) 


 


16-30 
(20-25) 


 


10-42 
(35) 


 


10-30 
(20-30) 


 


18-35 
(30) 


 


19-35 
 


C. gryphoides 
 


NW coast of India 
 


 17 19-33 27-31 4-40 
(30-40) 


13-29   


C. iredalei 
 
 


 
Philippines, Southwest 
Asia 


  
 
 


Large 
 


30-33 
 


< 45 
 


> 15 
 


 
 
 


 
 
 


 
 
 


C. madrasensis 
 


India, China,  Pakistan 
 


  
 


21 
 


26 (30) 
 


1-40 
(8-25) 


17-35 
(20-35) 


 
 


 
 


 
 


C. rhizophore 
 


Gulf of Mexico, 
Caribbean, Brazil 


Maine, Eastern Canada. 
Japan 


15   22-40 
(26-37) 


 
 


< 30 
(25) 


20-40 
(28) 


Ostrea edulis  
(= O. taurica) 


From Norway and British 
Isles to Morocco; 
Mediterranean, Black, 
Aegean, and Marble Seas 


  11 
 


3-28 
 
 


17-18 
 
 


 
 
 


 
 
 


 
 
 


 
 
 


* Values in parentheses are average ranges.  For example, C. angulata can spawn at temperatures ranging from 7°C to 40°C, but the average temperature for spawning is 
between 30°C and 40°C.  
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Of the species examined by Mann et al. (1991), only the Pacific oyster (C. gigas)11  has 
growth and spawning ranges similar to those of the Eastern oyster.  O. edulis has a similar 
temperature range for growth but a very narrow temperature range for spawning. All other 
species seem to prefer temperature and salinity in higher ranges than those that are optimal for 
the Eastern oyster.  The Pacific oyster accounts for 80% of the world’s commercial oyster 
harvest (Ayer 1991).  The Pacific oyster has been introduced successfully in many areas of the 
world including France, Oregon and Washington (United States), Western Canada, Australia, 
and New Zealand (Shatkin 1997).  The Pacific oyster is more tolerant of Dermo and MSX than 
the Eastern oyster (Calvo et al. 1999; Gottlieb and Schweighofer 1996; Mann et al. 1991; Barber 
and Mann 1994) and can co-exist with the Eastern oyster, as observed in British Columbia 
(Bourne 1979). 


 
Of the species reviewed, only the Pacific oyster has been studied in the Bay and other 


East Coast waters.  Several studies examined the potential for survival and growth of Pacific 
oysters in Chesapeake Bay and North Carolina. Barber and Mann (1994) compared the growth 
and survival of Eastern and Pacific oysters in the presence of the parasite that causes Dermo by 
holding specimens in quarantined flumes that received water from the York River, Virginia. 
Although many Pacific oysters in that study accumulated parasites within their tissue (i.e., high 
prevalence), the rate of mortality due to Dermo disease was not great (i.e., low disease intensity).  
In contrast, Eastern oysters in the study showed high parasite prevalence and high intensity of 
Dermo disease.  Mortality was great among Pacific oysters in the experiment, but the researchers 
attributed it to an extended period of exposure to salinity less than 20 ppt.  The prevalence of the 
Dermo parasite in Pacific oysters was not high during the episode of mortality.  Calvo et al. 
(1999) determined that triploid Pacific oysters “out-performed” triploid Eastern oysters only at 
salinities greater than 25 ppt in the Virginia portion of Chesapeake Bay.  At salinities less than 
15 ppt, Eastern oysters grew significantly faster and experienced less mortality than Pacific 
oysters. At medium salinities (15-25 ppt), the rates of growth and mortality of Eastern and 
Pacific oysters were not significantly different.  At low and medium salinities, Pacific oysters in 
the study showed heavy infestations of the parasite Polydora, which produces mud-filled blisters 
on the inner surfaces of the shell.  The Pacific oyster was deemed a poor candidate for aqua-
culture in Chesapeake Bay because of its relatively poor performance at low salinity and greater 
susceptibility to mud blisters (NRC 2004). At sites in North Carolina with salinities of 25 to 36 
ppt, rates of growth and mortality among Pacific oysters were significantly greater than those 
among Eastern oysters; however, Eastern oysters “out-performed” Pacific oysters in areas with 
salinities between 15 and 25 ppt (Grabowski et al. 2004). 


 
Anecdotal evidence of several unsuccessful attempts to introduce the Pacific oyster into 


Chesapeake Bay and surrounding areas has been recorded (NRC 2004).  In the early 1930s, a 
couple of bushels of Pacific oysters were planted in Barnegat Bay (Andrews 1980).  Those 
oysters failed to grow and died within two years, possibly due to low salinity (12-20 ppt) and 
insufficient DO (NRC 2004).  A couple of trays of Pacific oysters were kept in Rehoboth Bay for 
several years without significant mortality or successful reproduction (Andrews 1980).  During 
the 1970s, a Maryland seafood dealer obtained some Pacific oysters from the West Coast and 
planted them in the Maryland portion of Chesapeake Bay (Andrews 1980).  The oysters were 
recovered by scuba divers, and a law specifically prohibiting the introduction of Pacific oysters 
                                                 
11 The Pacific oyster is sometimes called the Japanese oyster. 
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was passed to discourage similar attempts.  Carlton (1992) reported that sometime between 1988 
and 1990, thousands of bushels of Pacific oysters were introduced illegally into the Chesapeake 
Bay; however, no population appears to have become established as a result of that introduction. 
Based on this information and the findings of the reviews summarized above, it was concluded 
that no nonnative oyster considered to date other than the Suminoe oyster appears to have 
significant potential for successful reproduction or propagation in Chesapeake Bay. 


 
Alternative 6 also refers to introducing a strain of the Suminoe oyster other than the 


Oregon stock.  Proponents of this suggestion reasoned that reduced genetic variability in the 
Oregon stock could limit the ability of Suminoe oysters descended from that stock to survive and 
propagate in a new environment. Studies using molecular techniques have shown that all current 
hatchery stocks of the Suminoe oyster in the United States exhibit reduced genetic variability 
compared with wild populations and little differentiation from each other (Cordes and Reece 
2007). Many generations of inbreeding within a small starting population can limit the genetic 
diversity of the population, which can reduce its resilience to selective pressures such as disease, 
predators, and extreme weather.  In a genetically diverse population, if a strong selective 
pressure kills a large portion of the population, some genetic variants will be able to withstand 
the selective pressure and continue to produce offspring.  The more genetically varied the 
population is, the greater the variety of selective pressures it can withstand.  Introducing a strain 
of Suminoe oysters obtained from a population outside the United States that has greater genetic 
variability than the Oregon stock, therefore, might increase the likelihood of establishing a self-
sustaining population in Chesapeake Bay.  


 
Researchers at VIMS have imported other strains of the Suminoe oyster from the Yellow 


River estuary (Northern China ariakensis) and from the Guanxi Province (Southern China 
ariakensis) for comparative studies (NRC 2004). Some researchers, including Zhou and Allen 
(2003), have observed that the taxonomy of C. ariakensis has been confused in Asia with several 
other Crassostrea species.  Zhang et al. (2005) recently provided more precise taxonomic 
clarification of C. ariakensis in its native range as well as in hatcheries in the United States.  
Oyster samples were taken from northern and southern China, from southern Japan, from four 
groups of C. ariakensis at the VIMS hatchery, and from oysters at the Taylor Hatchery in 
Washington State.  Significant genetic variation was found between the oysters from northern 
and southern China.  The southern oysters that were thought to be C. ariakensis were re-
classified as C. hongkongensis based on genetic evidence; the northern oysters were determined 
to be C. ariakensis.  The VIMS Aquatic Genetics and Breeding Technology Center currently 
maintains two other strains of the Suminoe oyster besides the Oregon stock (which has been 
labeled WCA).  One was imported from the Yellow River area and labeled NCA for northern 
China ariakensis.  The NCA are genetically very similar to the WCA, which originated from 
Japan, and the two have been cross-bred.  The offspring were labeled WNA.  WNA is not 
another strain, but rather, is a derivative with genetic characteristics of the two parent 
populations.  One additional strain was obtained from southern China and has been labeled SCA.  
SCA are genetically distinct from either NCA or WCA, are kept separately, and have not been 
hybridized.  All tests of the Suminoe oyster in the Chesapeake Bay area, both in the lab and in 
the field, have used WCA (i.e., the Oregon stock) to ensure consistency over all studies and all 
study years.  The WNA population is likely to offer greater genetic diversity than the WCA 
strain; however, no field or comparative studies using the hybrid have been conducted to date.  
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As a result, no information is available for use in assessing the merits of an introduction using 
the WNA strain. 


 
This alternative was dismissed from detailed analysis in this PEIS due to the lack of 


information about a suitable alternative nonnative species and the lack of information about the 
probable behavior of other strains of the Suminoe oyster in Chesapeake Bay. 


 
2.2.2 Alternative 7:  Introduce the Suminoe Oyster and Discontinue Efforts to Restore 


the Eastern Oyster 
 


The Notice of Intent presented Alternative 7 as the “combination of alternatives.”  
Following scoping meetings and further discussion among the lead agencies and other members 
of the PDT, one additional alternative was created, and the “combination of alternatives” became 
Alternative 8.  Alternative 7 as defined after scoping is:  Introduce the oyster species, Crassostrea 
ariakensis, into the tidal waters of Maryland and Virginia for the purpose of establishing a naturalized, 
reproducing, and self-sustaining population of this oyster species. Diploid C. ariakensis would be 
propagated from existing 3rd or later generation of the Oregon stock of this species, in accordance 
with the International Council for the Exploration of the Sea’s (ICES) 2003 Code of Practices on the 
Introductions and Transfers of Marine Organisms. Deployment of diploid C. ariakensis from 
hatcheries is proposed to occur first on State designated sanctuaries where harvesting would be 
prohibited permanently, and then on harvest reserve and special management areas where only 
selective harvesting would be allowed. 


 
Biologically, this alternative is similar to the proposed action, except that any benefits (or 


costs) of current restoration activities for the Eastern oyster would not be realized.  Section 2.1.2 
noted that a population of Suminoe oysters capable of sustaining itself in the Bay would 
significantly supplement the Eastern oyster population being augmented (i.e., by planting seed 
oysters) through restoration programs.  The concept underlying Alternative 7 was that if the 
introduction of the Suminoe oyster were to result in an oyster population that grows and 
disperses throughout the Bay, the need for efforts to restore the Eastern oyster might decrease, 
potentially resulting in significant cost savings.   


 
 When considered individually, the potential outcomes of the proposed action and 
Alternative 1 suggested that the size of the total Bay-wide oyster population expected to result 
from implementing Alternative 7 would be similar to the population that might result from 
implementing the proposed action, although some geographical differences in any changes in 
oyster abundance are possible.  Preliminary economic analysis of costs of the proposed action 
and Alternative 7 revealed that costs for Alternative 7 were only about 2% less than costs for the 
proposed action (Appendix D, p. 15).  The primary explanation for the minimal savings is that 
the representative implementation plans for both strategies include habitat rehabilitation only for 
the continuing effort to restore the Eastern oyster; Suminoe oyster seed would be planted in areas 
that are assumed not to need rehabilitation.  Assuming that the environmental consequences of 
this alternative would not differ significantly from those of the proposed action and that the 
difference in cost between them would be minimal, this alternative was dismissed from detailed 
analysis in this PEIS. 
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2.3 COMPARISON OF ALTERNATIVES 
 


 Tables 2-3 and 2-4 provide summaries of potential effects of the proposed action and all 
alternatives drawn from the detailed analyses presented in PEIS Section 4 and the supporting 
appendices.  The outcomes of each of the three combinations of alternatives (Table 2-4) 
represent the additive effects of each of the individual alternatives included in the combinations.  
Deliberations among the lead agencies leading to the designation of a preferred alternative 
focused solely on the three combinations of alternatives. 
 


2.4 PROCESS FOR SELECTING THE PREFERRED ALTERNATIVE 
 
 At the initiation of this PEIS, the PDT and EC discussed possible approaches for 
selecting a preferred alternative from among the proposed action and alternatives.  The initial 
outcome of these discussions was a matrix of decision criteria that listed all of the ecological, 
environmental, social, and economic factors to be considered in selecting the most appropriate 
means of restoring oysters in Chesapeake Bay.  The EC and PDT considered using the matrix in 
a multiple-criteria decision analysis (MCDA) process. MCDA involves scoring and weighting 
the various decision criteria to create a quantitative basis for a final decision.  Given the 
complexity of the issues addressed in the PEIS, the level of uncertainty associated with projected 
outcomes, and the subjectivity involved in scoring and weighting outcomes, the EC decided 
against using MCDA.  They retained the matrix of decision criteria, however, as the basis for 
relative comparisons of the projected outcomes of the proposed action and the alternatives. A 
form of that matrix appears in Table 2-3 as the structure for comparing the risks and benefits of 
the alternatives based on summaries of the projected outcomes of the proposed action and each 
alternative analyzed.   
 
 The members of the EC carefully reviewed the summaries of projected outcomes and 
evaluated the benefits and risks associated with the proposed action and each of the alternatives 
for each of the decision criteria. Each of the lead agencies conducted its review from its own 
management perspective.  CENAO took the lead in building consensus among the lead agencies 
on a preferred alternative through development and application of a decision-making framework 
and a series of meetings and conference calls.  Developing a framework for selecting the 
appropriate management alternative and making decisions in the field of environmental 
management poses a significant challenge because of the uncertainty and variability associated 
with the data and information available.  The same data and information can be interpreted 
differently by different stakeholders involved in the decision-making process, and stakeholders 
tend to respond to complex challenges by using intuition and personal experience while adapting 
the policies of their organizations to arrive at the solution considered optimal from their own 
perspective.  Transparent decision-making tools are required to structure the decision making 
process and organize all relevant information in the most effective manner in order to overcome 
such challenges.    
 
 Decision analysis is a process that systematically considers all information resulting from 
scientific studies, risk assessments, economic analysis, socio-political factors, and professional 
judgments and values.  CENAO selected the Analytical Hierarchy Process (AHP) and the Multi-
Attribute Value Theory (MAVT) as the best means of organizing the diverse and complex 
universe of information that had to be considered (Anninos 2009 in Appendix G).  These tools
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Table 2-3.  Summary of potential effects of the proposed action and Alternatives 1 through 5 


Components of 
the Affected 
Environment 


Proposed Action 
Introduce Suminoe Oyster 


Alt. 1 
No Action 


Alt. 2 
Expand Native Restoration 


Alt. 3 
Harvest Moratorium 


Alt. 4 
Aquaculture 


(native) 


Alt. 5 
Aquaculture  
(nonnative) 


Total Bay-
wide Oyster 
Population 
(attainment of 
PEIS goal) 


Disease resistance and rapid growth 
of the Suminoe oyster could 
contribute to a substantial increase in 
the Bay-wide oyster population and 
the potential to attain the restoration 
goal; continuing habitat loss, 
vulnerability to predation, and 
competition with the Eastern oyster 
are some of the factors that could 
constrain or preclude such an 
increase; the time frame of any 
increase can not be predicted. 
 


A small increase in oyster abundance 
in lower salinity waters in Maryland 
associated primarily with planting 
hatchery seed is likely; continuing 
loss of hard-bottom habitat is likely to 
preclude increases elsewhere in the 
Bay; development of disease 
resistance that could enhance 
population growth is possible but the 
time required is unknown and cannot 
be predicted; no chance of meeting 
PEIS goal within 10 years. 
 


An increase in abundance may be 
possible in lower salinity waters in 
Maryland if reefs are sustained 
continually with hatchery raised seed. 
In high salinity waters, evidence of 
substantial increased abundance, 
development of disease resistance, and 
growing populations via natural 
recruitment has been documented using 
non-traditional methods (e.g., three 
dimensional reefs) on sanctuaries; shell 
accretion is outpacing shell degradation 
and loss. The time required for 
increased disease resistance to result in 
an increase in the Bay-wide oyster 
population is unknown. Continuing 
loss of hard-bottom habitat may limit 
increases elsewhere in the Bay, 
assuming only traditional restoration 
activities are implemented. Reaching 
the PEIS goal is unlikely within 10 
years or after a longer period. 


Greater  increase than Alt. 1 and less 
than Alt. 2, primarily in lower 
salinity waters and closely 
associated with planting hatchery 
seed; factors that could not be 
accounted for in population 
projections (e.g., continuing loss of 
hard-bottom habitat) could preclude 
the increase; no chance of meeting 
PEIS goal within 10 years;  
development of disease resistance 
that could enhance population 
growth is possible but time required 
for increased disease resistance to 
result in an increase in the Bay-wide 
oyster population is unknown 


Maximum annual production 
could be several times the current 
Bay-wide population of market-
size oysters but only about half the 
PEIS harvest goal; the wild 
population is distributed through-
out the Bay, whereas aquaculture 
probably would be concentrated in 
certain areas; the estimated 
maximum industry is unlikely to 
be attained.  
 


Maximum annual production could be 
several times the current Bay-wide 
population of market-size oysters but 
only about half the PEIS harvest goal; 
the current population of native 
oysters is distributed throughout Bay, 
whereas aquaculture would be 
concentrated in certain areas; the 
maximum industry is unlikely to be 
attained; fewer oysters would be in the 
Bay than under Alt. 4 because of faster 
growth rate of triploid Suminoe 
oysters. 


Native Oyster 


High potential for competition with 
Suminoe oyster; occurrence of 
Suminoe oyster in mixed-species reefs 
in its native range suggests that 
coexistence is likely, but could range 
from local extinction to mixed-species 
reefs; possible benefit to the native 
oyster from increased shell provided 
by Suminoe oyster. 


Effects as described for Total Bay-
wide Oyster Population. 
 
 


Effects as described for Total Bay-wide 
Oyster Population. 
 


Effects as described for Total Bay-
wide Oyster Population. 
 


Effects as described for Total Bay-
wide Oyster Population. 
 


Potential effect if diploid Suminoe 
oysters introduced due to triploid 
aquaculture establish a reproductive 
population; the probability of such an 
introduction cannot be calculated but 
is considered to be likely over a long 
period 


Other 
Ecosystem 
Components 


Suminoe oyster is likely to provide 
ecosystem services similar to those 
provided by the Eastern oyster.  If an 
introduction were successful, a  large 
positive influence would be expected 
for reef-dependent fish; small 
potential negative influences for 
phytoplankton in local areas of high 
oyster abundance (via increased 
consumption by oysters), the benthic 
soft-bottom community (via reduction 
in the amount of organic matter from 
phytoplankton that reaches the 
sediment), zooplankton (via 
competition with oysters for phy-
toplankton food in local areas of high 
oyster abundance), planktivorous fish 
(via reduction in phytoplankton food), 
and avian soft-bottom feeders (via 
indirect effects of potential reduction  


Small potential negative influences 
for phytoplankton (via increased 
consumption by oysters), the benthic 
soft-bottom community (via 
reductions in the amount of organic 
matter from phytoplankton that 
reaches the sediment), zooplankton 
(via competition with oysters for 
phytoplankton food), planktivorous 
fish (via reduction in phytoplankton 
food), and avian soft-bottom feeders 
(via indirect effects of potential 
reduction in the soft-bottom 
community) as a result of increased 
oyster abundance in low-salinity zone 
in MD; small positive influences for 
all other receptor groups in zones with 
increased oyster biomass; most 
negative influences would occur in 
high salinity zones in VA; magnitude  


Small influences, but larger than under 
Alt.1, given likely patterns of increase 
in oyster biomass over the state/salinity 
zones; small negative influences on 
phytoplankton and animals that depend 
on it, primarily in low-salinity areas in 
MD; small negative influence in higher 
salinity zones on species that depend 
on oysters for food or habitat or that 
are affected indirectly through changes 
in water quality; implementation of 
recently developed restoration methods 
(e.g., three-dimensional reefs) could 
result in positive influences in higher 
salinity areas. 


Small positive influence in low-
salinity areas in both states on 
species affected indirectly through 
changes in water quality (e.g., 
SAV); small negative influences on 
phytoplankton and animals that 
depend on it in those areas; small 
negative influence likely on species 
that depend on oysters for food or 
habitat in higher salinity zones in 
VA. 
 


Minimal effect; some temporary 
beneficial influence if on-bottom 
techniques are used; positive 
influence through effects on water 
quality and habitat or food could 
be magnified if aquaculture is 
concentrated in restricted areas. 


Minimal effects because confined 
culture is likely to be required; 
positive influence, particularly through 
effects on water quality, could be 
magnified if aquaculture is 
concentrated in restricted areas.  
 
Unquantifiable potential for 
unintended introduction of a diploid, 
reproducing stock of Suminoe oysters 
but expected to occur over a long 
period; effects on other ecosystem 
components would be as described for 
the proposed action but would take 
longer to be realized. 
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Table 2-3.  (Continued) 
Components of 


the Affected 
Environment 


Proposed Action 
Introduce Suminoe Oyster 


Alt. 1 
No Action 


Alt. 2 
Expand Native Restoration 


Alt. 3 
Harvest Moratorium 


Alt. 4 
Aquaculture 


(native) 


Alt. 5 
Aquaculture  
(nonnative) 


 


in soft-bottom community); positive 
influences for all other receptor 
groups that benefit from increases in 
oyster biomass either directly as a 
source of food or habitat, or indirectly 
through changes in water quality 
(e.g., SAV benefits from increased 
water clarity). 
 
If an introduction is not successful, 
none of these effects would occur. 


of effects would be small based on 
small changes in oyster abundance. 


    


Water Quality 


If an introduction were successful, 
slight increases in dissolved oxygen 
(a few tenths of a milligram per liter) 
at the large scale of state/salinity 
zones; reductions in TSS of less than 
6% on the large geographical scale; 
greater effects likely on smaller 
scales, which could result in 
local,(tributary) increases in SAV.  
No effects if an introduction were not 
successful. 


No measurable effect. Slight improvement in low-salinity 
areas in MD. 


No measurable effect. 
 


No change at the large scale of 
state/salinity zones; greater effects likely if 
aquaculture operations are concentrated in 
restricted areas.   
 


No change at the large scale of 
state/salinity zones; greater 
effects likely if aquaculture 
operations are concentrated in 
restricted areas; effects might 
be greater than for Alt. 4 due 
to greater magnitude of 
filtering on a local basis; but 
potentially lower overall 
effects than Alt. 4 if few 
oysters were in the water. 


Rare, 
Threatened, 
and 
Endangered 
Species  


If an introduction were successful, 
potential slight negative effect on 
sturgeon due to reduction in soft-
bottom habitat; potential positive 
effect for bald eagles and peregrine 
falcons due to increase in forage; 
potential minor negative effect for 
black skimmer, brown pelican, terns, 
and plovers if additional hatcheries 
are constructed; potential mixed 
effects on turtles through food chain 
interactions. 


No effect on most species; potential 
small positive effect via food web for 
species that use low-salinity areas. 


No effect on most species; potential 
small positive effect via food web for 
species that use low-salinity areas. 


 No effect on most species; potential 
small positive effect via food web for 
species that use low-salinity areas. 
 


Construction of support facilities and 
operation and maintenance of aquaculture 
equipment could affect bald eagles and 
other birds and insects that nest along the 
shoreline; potential interference in 
foraging of black skimmer and terns; 
potential for entangling turtles if off-
bottom techniques are used; effects would 
be limited to  restricted areas. 


Construction of support facil-
ities and operation and main-
tenance of aquaculture equip-
ment could affect bald eagles 
and other birds and insects that 
nest along the shoreline; 
potential interference in forag-
ing of black skimmer and 
terns; potential for entangling 
turtles if off-bottom tech-
niques are used, slightly 
greater than Alt. 4 because 
confined aquaculture probably 
would be required; effects 
limited to restricted areas. 


 
 
 
 
 
Essential Fish 
Habitat  


Portions of Chesapeake Bay provide 
essential habitat for 21 species; if an 
introduction were successful, possible 
negative effects on early life stages of 
2 species through indirect competi-
tion with oysters for food; possible 
positive effects on 9 piscivorous 
species due to increase in forage fish; 
possible positive effects on  10 
species considered to be reef-
oriented.  No effects with 
unsuccessful introduction 
 


Small positive effects for species that 
use low-salinity areas; small negative 
effects for species that use higher 
salinity areas. 
 


Small positive effects for species that 
use low-salinity 
areas; small negative effects for 
species that use higher salinity areas. 


Small positive effects for species that 
use low-salinity 
areas; small negative effects for 
species that use higher salinity areas. 


Some temporary positive benefit for reef-
oriented species if on-bottom techniques 
are used. 


Minimal effects on any 
species. 
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Table 2-3.  (Continued) 
Components of 


the Affected 
Environment 


Proposed Action 
Introduce Suminoe Oyster 


Alt. 1 
No Action 


Alt. 2 
Expand Native Restoration 


Alt. 3 
Harvest Moratorium 


Alt. 4 
Aquaculture 


(native) 


Alt. 5 
Aquaculture  
(nonnative) 


Culture  


If an introduction were successful, 
potential to accomplish stakeholders’ 
shared goal to restore oysters for 
multiple purposes; lack of success 
would preclude achieving multiple 
purposes.   
 
Stakeholders are uncertain about 
using a nonnative oyster for 
restoration. 


Highly unlikely to achieve oyster 
restoration for multiple purposes; 
continued, slow decline in 
accomplishing ecological, economic 
and cultural/ community goals 
expected. 


Highly unlikely to achieve oyster 
restoration for multiple purposes for 
most oyster stakeholders; localized 
successes in low-salinity areas may 
result in achieving goals for a few 
stakeholders in a few areas; 
implementation of recently developed 
restoration methods (e.g., three-
dimensional reefs) could result in 
increased benefits in higher salinity 
areas. 


Multiple benefits of oyster restoration 
would not be realized; significant 
numbers of watermen would leave the 
fishery, and business for most growers 
and processors would not increase.   


Does not accomplish goals of cultural 
model of oyster restoration; localized 
ecological benefits dependent on private-
enterprise decision-making; watermen not 
able to participate without consideration of 
economic constraints; any economic 
benefits realized only for private-sector 
growers and processors; results 
inconsistent with the stakeholders’ goal of 
a sustainable population of oysters in the 
Bay. 


Does not accomplish goals of 
cultural model of oyster re-
storation; localized ecological 
benefits dependent on private-
enterprise decision-making; 
watermen not able to partici-
pate without consideration of 
economic constraints; any eco-
nomic benefits realized only 
for private-sector growers and 
processors; results inconsistent 
with the stakeholders’ goal of 
a sustainable population of 
oysters in the Bay. 


Economics 


Estimated present value cost to 
implement hypothetical introduction 
program over 10 years is $257.1M; 
estimation of fishery, processor and 
indirect benefits (e.g., enhanced 
recreational fishing)  not possible due 
to uncertainty concerning possibility 
and rate of Suminoe oyster 
population growth; fishery and 
processor benefits of a successful 
introduction not likely to be realized 
for an extended period of time 
because a substantial proportion of 
introduced Suminoe oyster spat 
would be on unharvestable bars; 
unsuccessful introduction would 
produce no fishery,  processor or 
indirect benefits. 
 


Estimated present value cost to 
implement current restoration 
programs over 10 years is $95.2M; 
assuming future harvests are similar to 
those in recent years, present value 
revenues from fisheries over 10 years 
would be $9.6M; estimated net present 
value of revenues for processors at the 
wholesale level for oysters harvested 
in Maryland would be $39.3M; no 
positive indirect effects are likely.    


Estimated present value cost to 
implement expanded restoration 
programs over 10 years is $345.5M; 
fishery and processor benefits likely 
to be greater than for Alt. 1; if the 
population of legal oysters on 
harvestable bars increased by a factor 
of five, fishery benefits would be on 
the order of $48 M; some positive 
indirect benefits (e.g., improved 
recreational fishing), greater than 
under Alt. 1. 


Restoration costs the same as for Alt. 1 
($95.2M); compensation program 
assumed to equal the foregone net 
income to watermen of $9.6M, for 
total cost of $104.8M; no direct 
fisheries benefits over an assumed 10-
year moratorium, but potential benefits 
if fishery is reopened in the future; 
some positive indirect benefits (e.g., 
improved recreational fishing), greater 
than under Alt. 1. 
 
Although eliminating harvest would 
result in some decrease in benefits for 
processors and consumers, the effect 
would be limited because imported 
oysters dominate the current market. 


Analysis assumed no direct government 
investment in implementing expanded 
aquaculture (indirect costs for technical 
support were not estimated); assuming 
growth to maximum size within 10 years, 
expanded industry would contribute about 
$10.4M, net present value (ranging from 
$6M  to $15M);  net present value could 
be higher with triploids, but available data 
were insufficient  to estimate the 
difference; minimal indirect benefits. 


Analysis assumed no direct 
government investment in 
implementing expanded 
aquaculture (indirect costs for 
technical support were not 
estimated); assuming growth 
to maximum size within 10 
years, expanded industry 
would contribute about 
$16.2M, net present value 
(ranging from $9M to $23M), 
a substantial economic 
advantage over Alt. 4; unsuita-
bility for half-shell market 
could reduce or eliminate the 
advantage, as could higher 
cost for biosecurity and 
production of triploid spat;  
would support more firms and 
create more employment 
opportunities for watermen 
and others; minimal positive 
indirect benefits and potential 
for negative indirect benefits 
due to interference with 
activities like recreational 
boating.  


 
 
Visual & 
Aesthetic 
Resources 


If an introduction were successful, 
some visual benefits might increase 
(e.g., increased activity by skipjacks 
and watermen; support to retain 
aesthetic shoreline facilities such as 
shucking houses).  No benefits with 
unsuccessful introduction. 
 
 
 
 


Possible decline in visual benefits 
(e.g., decline in working oystermen). 


Limited benefit to visual resources 
such as working oystermen and 
skipjacks because most increased 
oyster stock would be on sanctuaries 
and reserves. 


Decrease in visual benefits from loss 
of working oystermen and aesthetic 
shoreline facilities. 


Limited visual and aesthetic effects of 
shoreline facilities if on-bottom techniques 
are used; potential visual effects of buoys 
and floats used with off-bottom 
techniques. 


Limited visual and aesthetic 
effects of shoreline facilities; 
greater potential visual effects 
of buoys and floats than for 
Alt. 4 because confined 
methods probably required. 
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Table 2-3.  (Continued) 
Components of 


the Affected 
Environment 


Proposed Action 
Introduce Suminoe Oyster 


Alt. 1 
No Action 


Alt. 2 
Expand Native Restoration 


Alt. 3 
Harvest Moratorium 


Alt. 4 
Aquaculture 


(native) 


Alt. 5 
Aquaculture  
(nonnative) 


Recreation 


If an introduction were successful, 
Bay-wide benefit to recreational 
fishing for reef-oriented fish and 
waterfowl hunting for diving ducks; 
little to no effect on recreational 
swimming and boating; minor, 
temporary disruption of wildlife 
viewing, boating, and fishing during 
seed and shell planting.  No benefits 
with unsuccessful introduction 


No effect on recreational boating, 
swimming, hunting or wildlife 
viewing except for minor, temporary 
disruption of wildlife viewing, 
boating, and fishing during seed and 
shell planting. 


Modest benefits to recreational 
fishing for reef-oriented fish and 
waterfowl hunting where oysters 
increase; minor, temporary disruption 
of wildlife viewing, boating, and 
fishing during seed and shell planting. 


Modest benefits to recreational fishing 
for reef-oriented fish and waterfowl 
hunting  where oysters increase; 
minor, temporary disruption of wild-
life viewing, boating, and fishing 
during seed and shell planting; 
elimination of minimal conflicts 
between recreational boaters and 
watermen activities.  


Minor temporary benefits to recreational 
fishing if on-bottom techniques are used;  
potential interference with boating, fishing, 
wildlife viewing, hunting, and swimming 
due to  buoys, floats, and other operations 
if off-bottom techniques are used. 


Greater potential for 
interference with boating, 
fishing, wildlife viewing, 
hunting, and swimming from 
buoys and floats because 
confined methods probably 
would be required; also 
potential negative effects on 
similar activities due to 
cultivation operations and 
activities.  
 


Historic & 
Archaeological 
Resources 


If an introduction were successful and 
if exploitation increased, potential 
effects on underwater resources 
present on or adjacent to existing 
oyster beds, depending on the harvest 
method (e.g., greatest potential with 
dredging, least with diver harvest); 
increased boat activity could affect 
shoreline resources.  No effects with 
unsuccessful introduction. 
  


Minimal change in current status of 
archeological resources; assumes no 
new dredging of buried shell deposits.  
 


Minimal change in current status of 
archeological resources; assumes no 
new dredging of shell deposits and no 
new methods of shell cleaning 


Reduced potential to affect 
archeological resources in or adjacent 
to existing oyster beds; assumes no 
new dredging of shell deposits and no 
new methods of shell cleaning 


High potential for wide range of cultural 
resources in many potential aquaculture 
locations; submerged resources exposed to 
potential effects of bar preparation and 
harvest, assuming on-bottom methods; 
submerged resources exposed to effects of 
anchors or other mooring structures and 
disturbances of bottom when  equipment is 
retrieved, assuming off-bottom methods; 
potential effects on terrestrial resources 
from any required construction of 
shoreline facilities; more extensive boat 
traffic in confined waters could increase 
wave action and cumulative disturbance of 
submerged or shoreline resources; overall, 
potential for effects is greater than for the 
proposed action and other non-aquaculture 
alternatives  


High potential for wide range 
of cultural resources in many 
potential aquaculture 
locations; submerged 
resources exposed to potential 
effects of bar preparation and 
harvest, assuming on-bottom 
methods; submerged resources 
exposed to effects of anchors 
or other mooring structures 
and disturbances of bottom 
when  equipment is retrieved, 
assuming off-bottom methods; 
potential effects on terrestrial 
resources from any required 
construction of shoreline 
facilities; more extensive boat 
traffic in confined waters 
could increase wave action 
and cumulative disturbance of 
submerged or shoreline 
resources; slightly less 
potential for effects than Alt. 
4. 
 


Wetlands 


If an introduction were successful, 
possible indirect benefits to wetlands 
due to local improvements in water 
clarity or dampening of wave action, 
only in localized areas of high oyster 
abundance.  No benefits with 
unsuccessful introduction 


No measurable effect. Minimal indirect benefits to wetlands 
as a result of improvements in water 
clarity or dampening of wave action 
in low-salinity waters in MD, but 
only in localized areas of high oyster 
abundance. 


Minimal indirect benefits to wetlands 
as a result of improvements in water 
clarity or dampening of wave action in 
low-salinity waters in MD, but only in 
localized areas of high oyster 
abundance. 


Potential for adverse effects if construction 
of shoreline facilities is required; use of 
floats could dampen wave action in 
restricted waters, reducing shoreline 
erosion and increasing accretion to the 
benefit of wetlands.   


Potential for adverse effects if 
construction of any shoreline 
facilities is required; use of 
floats could dampen wave 
action in restricted waters, 
reducing shoreline erosion and 
increasing accretion to the  
benefit of wetlands.   
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Table 2-3.  (Continued) 
Components of 


the Affected 
Environment 


Proposed Action 
Introduce Suminoe Oyster 


Alt. 1 
No Action 


Alt. 2 
Expand Native Restoration 


Alt. 3 
Harvest Moratorium 


Alt. 4 
Aquaculture 


(native) 


Alt. 5 
Aquaculture  
(nonnative) 


Sanctuaries & 
Refuges 


If an introduction were successful, no 
effects on freshwater sites, where 
oysters would not occur; increases in 
oysters in the vicinity of sites in 
higher salinity waters could benefit 
some species that use the sites.  No 
benefits with unsuccessful 
introduction 
 


No measurable effect. 
 


Increase in oysters in low-salinity 
zones in MD might benefit the 
Eastern Neck refuge by reducing 
wave action and erosion and 
promoting small,  localized 
improvements in water clarity; 
however, effects likely to be 
dispersed and minimal at any single 
location. 


Increase in oysters in low-salinity 
zones in MD might benefit the Eastern 
Neck refuge by reducing wave action 
and erosion and promoting small,  
localized improvements in water 
clarity; however, effects likely to be 
dispersed and minimal at any single 
location. 


Aquaculture unlikely to be sited adjacent 
to a sanctuary or refuge. 


Aquaculture unlikely to be 
sited adjacent to a sanctuary or 
refuge. 


Environmental 
Justice 


If an introduction were successful, 
possible benefit to minorities or low-
income individuals to the extent that 
they become involved in an expanded 
fishery.  No benefits with 
unsuccessful introduction 


No  effect. No effect.  No effect. Possible benefit to minorities or low-
income individuals to the extent that they 
become involved in an expanded industry. 


Possible benefit to minorities 
or low-income individuals to 
the extent that they become 
involved in an expanded 
industry. 


Air Quality 


Slight localized decreases in air 
quality with increased boat operation 
for introduction programs and 
increased harvesting activity. 
 


No effect. Slight localized decrease in air quality 
due to increased operation of boats 
used in restoration programs. 


Slight benefit to local air quality due to 
absence of operation of oystering 
vessels. 


Slight localized decrease in air quality in 
the vicinity of concentrated aquaculture 
operations resulting from boat and truck 
traffic for deployment, maintenance, 
harvest, and transport of oysters.    


Slight localized decrease in air 
quality in the vicinity of con-
centrated aquaculture opera-
tions resulting from boat and 
truck traffic for deployment, 
maintenance, harvest, and 
transport of oysters.    


Public Safety 
and Fouling 


If an introduction were successful, 
increased oyster populations could 
contribute to increase in stinging sea 
nettles, adversely affecting 
swimmers; Suminoe oysters may 
bioconcentrate contaminants to 
greater levels than Eastern oysters; 
potential for greater fouling of 
artificial surfaces by the Suminoe 
oyster.  No such effects with an 
unsuccessful introduction. 
 


No effect. Slight potential for boating accidents 
associated with restoration activities. 


Slight decrease in potential for boating 
accidents associated with oystermen 
activities. 


Possible local effects on public safety 
factors such as emergency services, law 
enforcement, and fire protection, to the 
extent that a large-scale aquaculture 
industry with a significant staff and 
infrastructure develops;  increased risk of  
accidents due to boat and truck traffic 
involved in deployment, maintenance, 
harvest, and transport of oysters. 


Possible local effects on pub-
lic safety factors such as emer-
gency services, law enforce-
ment, and fire protection, to 
the extent that a large-scale 
aquaculture industry with a 
significant staff and infrastruc-
ture develops; increased risk 
of  accidents due to  boat and 
truck traffic involved in de-
ployment, maintenance, 
harvest, and transport of 
oysters. 
 
Possibility of a diploid 
Suminoe oyster population 
becoming established; 
consequences would be the 
same as for the proposed 
action.. 


Commercial 
Navigation 


If an introduction were successful, 
creation of  three-dimensional reefs in 
shallow waters could create new 
navigational hazards for  shallow-
draft commercial vessels that transit 
small inlets and tributaries in the Bay; 
no such effect if an introduction were 
unsuccessful 


No effect. Minor interference with commercial 
traffic during increased restoration 
activities. 


Minor decrease in interference with 
commercial traffic with decrease in 
oystermen boating. 


No effect. No effect on commercial 
navigation; possibility for 
introduction of a diploid 
population of Suminoe oyster; 
consequences would be the 
same as for the proposed 
action. 
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Table 2-3.  (Continued) 
Components of 


the Affected 
Environment 


Proposed Action 
Introduce Suminoe Oyster 


Alt. 1 
No Action 


Alt. 2 
Expand Native Restoration 


Alt. 3 
Harvest Moratorium 


Alt. 4 
Aquaculture 


(native) 


Alt. 5 
Aquaculture  
(nonnative) 


Resources 
Outside 
Chesapeake 
Bay 


A successful introduction in the 
Chesapeake Bay carries a high 
probability of dispersal of Suminoe 
oyster into adjacent coastal waters; 
expansion of species is more probable 
to the north than to the south; 
colonization of subtidal habitat is 
more likely than of intertidal habitat; 
influences on other components of 
adjacent ecosystems expected to be 
similar to those predicted for 
representative species of Chesapeake 
Bay; coexistence with Eastern oyster 
is likely, but ranging potentially from 
local dominance of one species or the 
other to mixed species reefs of 
different proportions. 


No effect. No effect. 
 


No effect. 
 


No effect. 
 


Possibility of unintended 
introduction of a diploid, 
reproducing stock of Suminoe 
oysters; probability high that 
free diploids would be 
dispersed to coastal waters; 
effects on coastal ecosystems 
would be the same  for the 
proposed action.  
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Table 2-4.  Summary of environmental consequences of the combinations of alternatives 
Components of 


the Affected 
Environment 


Alt. 8a 
Eastern Oyster Only 
(Alternatives 2,3,&4) 


Alt. 8b 
Eastern Oyster and Triploid Suminoe Oysters 


(Alternatives 2,3,4,&5) 


Alt. 8c 
Eastern Oyster and Diploid and Triploid Suminoe Oysters 


(Proposed Action + Alternatives 2,3,4,&5) 


Total Bay-wide 
Oyster Population 
(attainment of 
PEIS goal) 


Abundance likely to increase in low-salinity waters and remain constant or 
continue to decline in higher salinity waters if traditional restoration methods 
are employed; greater population growth in higher salinities is possible if 
disease resistance develops in the population and with enhanced restoration 
techniques (e.g., construction of elevated reefs, rotating wild brood stock); 
local increases in areas where aquaculture operations are developed, but not 
likely to reach maximum economically viable size.  


Abundance likely to increase in low-salinity waters and remain constant or 
continue to decline in high-salinity waters if traditional restoration methods 
are employed; some population growth possible in higher salinities if disease 
resistance develops in the population and with enhanced restoration 
techniques (e.g., construction of elevated reefs, rotating wild brood stock); 
local increases in abundance possible where aquaculture operations develop, 
but many constraints could limit ability to achieve maximum economically 
viable size; size of operations less than under 8a because use of triploid 
Suminoe oysters would require fewer oysters and less area; likely to result in 
an eventual introduction of reproductively viable Suminoe oysters 


Greatest potential to significantly increase oyster abundance throughout the 
Chesapeake Bay but high uncertainty of realization due to many potentially 
constraining factors; localized increases in oyster abundance likely where 
aquaculture operations were established and expanded, but many constraints 
could limit ability to achieve maximum economically viable size; size of 
operations may be less than under 8a because use of triploid Suminoe oysters 
would require fewer oysters and less area.   


Native Oyster 


Same as described for Bay-wide oyster population. Increases in native oyster likely in low-salinity waters in response to 
restoration programs (e.g., seed planting); some population growth possible 
in higher salinities if disease resistance develops in the population and with 
enhanced restoration techniques (e.g., construction of elevated reefs, rotating 
wild brood stock); potential adverse effects if diploid Suminoe oysters 
released due to triploid aquaculture were able to establish a reproductive 
population; accidental introduction considered to be likely. 


If the introduction of the Suminoe oyster were successful, the probability of 
competition with the native oyster would be high; occurrence of Suminoe 
oyster in mixed-species reefs in its native range suggest coexistence is likely, 
but could range from local extinction to mixed-species reefs; possible benefit 
to the native oyster from increased shell provided by Suminoe oyster; failure 
of an introduction would result in no effect on the native oyster. 
 


Other Ecosystem 
Components 


Small negative influence on phytoplankton and receptors that depend on it in 
restricted areas with  high oyster density; small positive influence expected 
for other receptors in low-salinity areas 


Small negative influence on phytoplankton and receptors that depend on it in 
restricted areas with  high oyster density; small positive influence expected 
for other receptors in low-salinity areas; possible minimal direct effects of 
aquaculture using off-bottom floats or cages through provision of habitat and 
food;  small influence of aquaculture on other ecological receptors in areas 
where aquaculture is pursued; potential for some adverse effects on water 
quality, sediment, and benthos from concentrated shellfish aquaculture; risk 
of inadvertently releasing diploid Suminoe oysters into the Bay, which  
might establish a reproducing population of the species. 


Suminoe oysters and native oysters would provide similar ecological 
services; greatest potential for positive influences on other ecological 
receptors that depend on oysters if introduction were successful; slight 
negative influences in localized areas due to reductions in the biomass of 
algae for species that rely on planktonic algae for food;  an unsuccessful 
introduction would result in ecological services similar to those of 
Combination 8b 


Water Quality 


Local improvements in water quality in lower salinity waters in Maryland and 
higher salinity locations where concentrated aquaculture operations would be 
established.   
 


Similar to 8a but addition of triploid Suminoe aquaculture increases potential 
for local water quality improvements in high-salinity waters in Virginia 


Successful introduction of the Suminoe oyster could result in local 
improvements in water quality in high-salinity areas in Maryland and 
Virginia; some improvements at local and possibly tributary levels in low-
salinity areas as a result of expanded native oyster restoration and in specific 
tributaries where aquaculture develops 


Rare, Threatened, 
and Endangered 
Species  


Refer to Table ES-1 for summary of effects for Alts. 2, 3 and 4; cumulative 
effects of all three alternatives likely to be greater than impacts of any 
individual alternative. 


Refer to Table ES-1 for summary of effects for Alts. 2, 3, 4 and 5; 
cumulative effects of all four alternatives likely to be greater than effects of 
any individual alternative. 


Refer to Table ES-1 for summary of effects of the proposed action and Alts. 
2, 3, 4 and 5; cumulative effects of all five actions likely to be greater than 
effects of any individual action 


Essential Fish 
Habitat  


Potential effects likely to be negative for planktivorous fish, skates and 
flounders and positive for piscivorous fish and most reef-oriented fish; 
declines in oyster abundance could positively influence planktivorous fish, 
skates and flounders, and negatively influence the remaining species;  local 
effects of aquaculture expected to be positive for reef-oriented fish, negative 
for skates and flounders, and to have no large-scale effect for the remaining 
species 


Negative influence likely on planktivorous fish, skates, and flounders; 
positive influence on piscivorous fish and most reef-oriented fish in low-
salinity areas; in high-salinity areas where oyster abundance would continue 
to decline, positive effects expected for planktivorous fish, skates, and 
flounders and negative effects  other Federally managed species with EFH in 
the Bay;  effects of aquaculture  locally positive for reef-oriented fish and 
negative for skates and flounders 


Greatest potential for both positive and negative effects on EFH if an 
introduction were successful; widespread increases in oyster abundance 
could  adversely affect planktivorous fish and skates and flounder and  
positively affect  piscivorous fish and most reef-oriented species; failure of 
introduction would result in no change in EFH. 


Culture  


Least likely to meet the goals shared by all stakeholders, at least with regard 
to size of the oyster stock and oyster fisheries, but least risk of incurring any 
adverse effects of a non-native oyster; a total moratorium on wild harvest 
would have significant adverse impacts on watermen and their communities 


Unlikely to meet the goals shared by all stakeholders but includes some risk 
of incurring potential adverse effects of a non-native oyster; a total 
moratorium on wild harvest would have significant adverse impacts on 
watermen and their communities 


Greatest potential for accomplishing the stakeholders’ shared objectives of 
restoring the ecological, cultural, and economic benefits of oysters in 
Chesapeake Bay; but stakeholders expressed concerns about a nonnative 
oyster; a total moratorium on wild harvest  would have significant adverse 
impacts on watermen and their communities  
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Table 2-4.  (Continued) 
Components of the 


Affected 
Environment 


Alt. 8a 
Eastern Oyster Only 


Alt. 8b 
Eastern Oyster and Triploid Suminoe Oysters 


Alt. 8c 
Eastern Oyster and Diploid and Triploid Suminoe Oysters 


Economics 


Assuming restoration under Alt. 2 is in addition to that under Alt. 1 and 
buy-out cost of watermen is included, the present value 10-year cost of 
this combination would be $450.3 M; benefits cannot be quantified but 
would likely exceed $68M (sum of benefits of the three alternatives); 
indirect benefits likely to be minimal but not quantifiable. 


Assuming restoration under Alt. 2 is in addition to that under Alt. 1, buy-out 
cost of watermen is included, and no state funding for aquaculture, present 
value,10-year cost of this combination would be the same as 8a ($450.3 M) 
but  fishery benefits would be greater ($73.8M) due to  inclusion of triploid 
Suminoe aquaculture. 


Implementation cost for the proposed action includes the cost of Alt. 1; thus 
present value 10-year cost of this alternative, assuming no State funding for 
aquaculture, would be $612.2M; fishery, processor, and indirect benefits 
probably would be much higher than for 8a and 8b but cannot be quantified. 


Visual & Aesthetic 
Resources and 
Recreation 


Temporary negative effects on visual and aesthetic resources during 
periods when oyster spat are planted, and shell or other substrate is 
replenished; no direct effect on visual or aesthetic resources from native 
oyster aquaculture; decrease in visual benefits of activity of skipjacks 
and watermen under a moratorium. 


Temporary negative effects on visual and aesthetic resources during periods 
when oyster spat are planted, and shell or other substrate is replenished; some 
direct effect on visual or aesthetic resources as well as on fishing, boating and 
hunting from Suminoe oyster aquaculture due to buoys and floats; decrease in 
visual benefits of activity of skipjacks and watermen under a moratorium. 


Temporary negative effects on visual and aesthetic resources greater than under 
8a and 8b during periods when greater quantities of oyster spat are planted, and 
shell or other substrate is replenished; some direct effect on visual or aesthetic 
resources as well as on fishing, boating, and hunting from Suminoe oyster 
aquaculture due to buoys and floats; decrease in visual benefits of activity of 
skipjacks and watermen under a moratorium. 


Historic & 
Archaeological 
Resources 


Expanded culture of the native oyster creates greatest potential to 
adversely affect historic and archeological resources; increased boat 
traffic from restoration activities as well as aquaculture maintenance, 
which could increase wave action, shore erosion and impact to shoreline 
historic and archeological resources.. 


Expanded cultivation of the native oyster offers greatest potential to 
adversely affect historic and archeological resources; cultivation of triploid 
Suminoe oysters may reduce the spatial extent of aquaculture areas to less 
than under 8a but could require constructing new shoreline hatcheries;  
increased boat traffic from restoration activities and aquaculture maintenance 
could increase wave action, shore erosion, and effects on shoreline historic 
and archeological resources 


Expanded cultivation of the native oyster would offer the greatest potential to 
adversely affect historic and archeological resources; cultivation of triploid 
Suminoe oysters may reduce the spatial extent of aquaculture areas to less than 
under 8a but could require constructing new shoreline hatcheries;  increased 
boat traffic from restoration activities and aquaculture maintenance could 
increase wave action, shore erosion, and effects on shoreline historic and 
archeological resources 


Wetlands 


Least potential for formation of new oyster reefs that could have 
beneficial effects on wetlands by reducing the erosive force of wave 
action. 


Minimal potential for formation of new oyster reefs that could have 
beneficial effects on wetlands by reducing the erosive force of wave action; 
floats or buoys associated with Suminoe oyster aquaculture could reduce 
wave action and enhance wetland growth. 


Greatest potential for formation of new oyster reefs that could have beneficial 
effects on wetlands by reducing the erosive force of wave action; floats or 
buoys associated with Suminoe oyster aquaculture could reduce wave action 
and enhance wetland growth. 


Sanctuaries & 
Refuges 


Potential but minimal benefits to local NERRS sites in low-salinity 
waters. 


Potential minimal benefits to local NERRS sites in low-salinity waters. Greatest potential for benefit to several NERRS sites by enhancing ecological 
services associated with oysters, if an introduction were successful. 


Environmental 
Justice 


No effects. Minimal effects with potential benefits from increased aquaculture. Minimal effects with potential benefits from increased aquaculture. 


Air Quality 
Truck and boat emissions are unlikely to result in an increase that would 
exceed the threshold that requires a Clean Air Act conformity statement 


Truck and boat emissions are unlikely to result in an increase that would 
exceed the threshold that requires a Clean Air Act conformity statement 


Truck and boat emissions are unlikely to result in an increase that would 
exceed the threshold that requires a Clean Air Act conformity statement 


Public Safety and 
Fouling 


Minimal change in public safety risk and no fouling risk. Increased safety risks due to increased aquaculture operations. Potential risk from diploid Suminoe oysters that may cause fouling or 
bioconcentrate contaminants; increased safety risks from increased aquaculture 
operations. 


Commercial 
Navigation 


No effect.   No effect. Minimal effect if significant reefs were to develop. 


Resources Outside 
Chesapeake Bay 


No effect. Any potential effects would arise from an accidental diploid introduction 
from triploid Suminoe aquaculture; if effects occurred they would be the 
same as the proposed action. 


Same as the proposed action, as described in Table ES-1 


Cumulative Effects 


Increases in oyster populations in lower salinity sections of the Bay 
could result in local ecosystem changes that would counteract some of 
the cumulative effects of watershed development and pollutant loading 
to the Bay, although the effects are likely to be small 


Same as 8a, except that because triploid Suminoe oysters are resistant to 
MSX and Dermo, they could be cultivated over a larger portion of the Bay 
than the native oyster; as a result, benefits could be realized over a greater 
geographical area throughout the Bay; because large-scale use of triploids in 
aquaculture over an extended period of time is likely to result in an 
unintended introduction of a reproducing population of Suminoe oysters in 
the Bay, over the long term the outcomes of this alternative would likely be 
similar to those of Alternative 8c 


Highest potential to increase oyster abundance because it includes the proposed 
action; however, many factors could preclude that potential from being 
realized; could contribute significantly to local improvements in water quality;  
counteract the effects of such factors as watershed development and nutrient 
and sediment runoff; help to counteract the loss of hard-bottom habitat; 
contribute to enhancing populations of species that depend on oyster-reef 
habitat; reverse the decline in the Bay’s oyster fishery and create a means of 
sustaining the watermen’s culture in the Bay, exacerbate changes in the Bay’s 
biodiversity,  and contribute to further decline of the native oyster.  A failed 
introduction would not contribute to any cumulative impacts on the Bay. 
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work by reducing the decision-making process into smaller parts and judging all possible pairs of 
alternatives (based on science, public comments, observations and professional opinion) on their 
relative effects on each of the evaluation criteria listed in the matrix presented in Section 2.3.  
These pair-wise judgments are then aggregated into larger categories that reflect stakeholders’ 
priorities. The four priority categories established to select the preferred alternative were 
Environment and Ecological, Economic, Regulatory, and Social Effects. Applying this decision-
making process resulted in ranking the category of Environment and Ecological as the highest 
priority and the category of Social Effects as the lowest priority.  Ecosystem effects were ranked 
the most important of the specific decision criteria and visual and aesthetic effects were ranked 
the least important.  The proposed action and the alternatives then were evaluated according to 
their effect on each individual criterion (i.e., very strong, strong, or moderate effect; positive or 
negative effect; very strong, strong or moderate uncertainty) within each of the priority 
categories. The details of the approach are presented in detail in a letter from Colonel Anninos of 
CENAO that is reproduced in Appendix G.   
 
 Implementing these decision-making tools resulted in ranking Alternative 8a the highest 
in three of the four priority categories. Alternative 8b was ranked highest in the Economic 
category.  CENAO (Anninos 2009) acknowledged considerable uncertainty regarding the 
likelihood that Alternative 8a will result in establishing a sustainable Bay-wide oyster population 
and the possibility that the Bay-wide population of Eastern oysters will continue to decline in the 
future; however, CENAO considered Alternative 8a to be a conservative choice given the 
ecological uncertainties associated with implementing Alternative 8c and the strong opposition 
of most stakeholders to that alternative.  CENAO considered the ecological uncertainties 
associated with Alternative 8b to be somewhat less than those associated with Alternative 8c, but 
those uncertainties could not be resolved with the data and information available for preparing 
the PEIS.  CENAO has expressed the view that scientific research and scientifically monitored 
projects that focus on addressing and resolving the uncertainties associated with cultivating 
triploid Suminoe oysters would be valuable in future decision making. CENAO will consider 
proposals for such studies only when they are part of a framework of scientific research.  The 
research framework must be reviewed and approved by the lead and cooperating agencies for 
this PEIS and PRFC.  A key criterion for approving any such proposal will be to demonstrate 
that the proposal will not pose unacceptable ecological and socioeconomic risks.   This criterion 
is consistent with the principles established in the Chesapeake Bay Program’s 1993 Policy for 
the Introduction of Non-Indigenous Aquatic Species, to which the states of Maryland and 
Virginia are signatories.  According to established regulatory processes, the review of any such 
proposal will include consultation with the Atlantic States Marine Fisheries Commission and a 
process agreed to by the partner agencies to obtain scientific advice and peer review similar to 
that used in developing this PEIS.  If findings of such research were to reduce uncertainties and 
delineate a means of reducing the probability of unintended consequences, such information 
could be addressed in a Supplemental PEIS in which the option of triploid Suminoe oyster 
aquaculture could be revisited.   
 
 The State of Maryland (Griffin 2009) provided additional perspectives on the selection of 
a slightly modified version of Alternative 8a as the preferred alternative.  Several key points 
from Maryland’s perspective are presented here: 
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• Not all strategies for native oyster restoration have yet been exhausted; past native oyster 
restoration efforts were limited in scope (i.e., scale, lacked an ecological focus, and 
precluded a regional, large-scale response). 


 
• The State of Maryland has adopted a “zero-risk” policy regarding the nonnative Suminoe 


oyster based upon the precautionary principle, the potential for significant negative 
ecological consequences, and the irreversible nature of an introduction of the species, 
whether intended or unintended. 


 
• Preliminary evidence of the development of disease resistance among native oysters 


suggests the potential for enhancing that attribute through more restrictive management 
of the fishery. 


 
• Every local and regional scientific organization and local, State, and Federal 


governmental body that commented on the Draft PEIS strongly opposed any use of the 
Suminoe oyster. 


 
• An emphasis on cultivating triploid Suminoe oysters (e.g., Alternative 8b) would focus 


public attention on an aquaculture-specific strategy that, by definition, is expected to 
yield little benefit to the large task of restoring the oyster population in Chesapeake Bay.  


 
2.5 PREFERRED ALTERNATIVE 


 
 Based on the current state of the science and extensive public discourse, the use of 
nonnative oysters in Chesapeake Bay, its tidal tributaries, and the coastal bays and waters of 
Maryland and Virginia poses unacceptable ecological risks; therefore, it is prudent for the U.S. 
Army Corps of Engineers, the State of Maryland, the Commonwealth of Virginia and Potomac 
River Fisheries Commission (PRFC) to adopt a native-oyster-only preferred alternative for the 
purposes of this PEIS.12 In selecting the native-oyster alternative, the Corps, together with the 
cooperating Federal agencies, the State of Maryland, the Commonwealth of Virginia, and PRFC 
will remain fully committed to using only the native oyster to work towards revitalizing oyster 
restoration and aquaculture to meet commercial and ecological goals.  Furthermore, the State of 
Maryland, the Commonwealth of Virginia, and PRFC will work towards implementing 
biologically and economically sustainable harvesting measures for the public oyster fishery.  
Finally, the Corps, together with the cooperating Federal agencies, the State of Maryland, the 
Commonwealth of Virginia, and PRFC will pursue the establishment of realistic metrics, 
accountability measures, and a performance-based adaptive management protocol for all efforts 
to revitalize the native oyster for purposes of achieving commercial and ecological goals.  The 
selection of Alternative 8a as the preferred alternative is consistent with Chesapeake Bay Policy 
for the Introduction of Non-Indigenous Aquatic Species (CBP 1993), which requires that 
jurisdictions in the Chesapeake Bay basin oppose the first-time introduction of any non-
                                                 
12 Although the Executive Committee approved the phrase “for the purposes of this PEIS” as part of its joint 
statement to identify a preferred alternative, the members of the Committee acknowledge that none of the actions 
evaluated  for this PEIS may be able to achieve the population goal defined in the statement of purpose for action  
(i.e., an oyster population that reaches a level of abundance in Chesapeake Bay that would support sustainable 
harvest comparable to harvest levels during the period 1920-1970). 
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indigenous aquatic species into the unconfined waters of the Chesapeake Bay and its tributaries 
unless environmental and economic evaluations confirm that risks associated with the first-time 
introduction are acceptably low.  
 
 Alternative 8a, as presented in the Draft PEIS, is a combination of Alternative 2 
(enhancement of existing native oyster restoration efforts), Alternative 3 (harvest moratorium), 
and Alternative 4 (expanded native oyster aquaculture).  The preferred alternative established by 
the lead agencies is Alternative 8a with some modifications.  The modifications of the individual 
alternatives are based on relevant findings of analyses conducted during the preparation of this 
PEIS as well as input from stakeholders delivered in written correspondence and oral 
presentations at public meetings.  Revisions of the components of Alternative 8a are as follows: 
 
 Alternative 2 – The conceptual implementation plans for enhanced native oyster 
restoration activities evaluated in the Draft PEIS consisted of “traditional” restoration activities 
conducted on a larger scale than any efforts to date.  Recent restoration programs using non-
traditional restoration methods were described in Section 1.3.1 (e.g., creation of elevated reefs; 
revolving brood stock hatchery operations to increase the rate of development of disease 
resistance; large-scale restoration in target tributaries).  The promising findings of these recent 
programs suggest that the form of future restoration activities will differ substantially from the 
traditional restoration in both states.  Although the kinds of future restoration activity may differ 
from those evaluated in some detail in the Draft PEIS, the level of activity will be substantially 
greater than past levels. 


 
 Alternative 3 – The conceptual implementation plan for this alternative evaluated in the 
Draft PEIS was a total moratorium on the harvest of wild oysters throughout the Bay.  A key 
potential benefit of a harvest moratorium would be the enhancement of rate of development of 
disease resistance by reducing the removal of large oysters that may have developed some level 
of disease resistance and that have much greater reproductive potential than smaller, younger 
oysters.  Although the premise of this alternative is that a transition to aquaculture would 
ameliorate the socio-cultural effects of a harvest moratorium, the rate at which such a transition 
might occur is uncertain, and the short-term effects on communities of watermen throughout the 
region would be substantial.  In lieu of a total moratorium, the lead agencies envision 
implementing more restrictive oyster harvesting management regimes (e.g., annual harvest 
quotas, closed and open harvesting areas) that would be biologically and economically 
sustainable, that would include accountability measures, and that would minimize the effects of 
harvest on the potential development of disease resistance. 


 
 Alternative 4 –The Draft PEIS evaluated the expansion of oyster aquaculture as a private 
endeavor, whose magnitude would be limited only by the economic viability of the expanded 
operations.  The State of Maryland has recognized the regulatory constraints that currently limit 
aquaculture operations in the state and is drafting legislation to remove those constraints.  Both 
states may expand technical support programs for oyster aquaculture, particularly in the training 
of watermen who may be interested in transitioning from wild harvest to aquaculture. State 
expenditures to support aquaculture expansion may increase in the future and, thus, would be 
greater than those considered in this PEIS. 


 







 


 
2-30 


 The slight modifications of the individual alternatives included in Preferred Alternative 
8a are all based on and supported by the data and analyses included in this Final PEIS.  All of the 
agencies recognize that the scale of implementation of Preferred Alternative 8a may be 
constrained by financial resources available for Bay-wide oyster restoration.  The findings of this 
PEIS provide a basis for establishing priorities among the various actions that would be taken to 
ensure that all available funds are used as effectively as possible.  The Baltimore and Norfolk 
Districts of the USACE are currently working with Maryland and Virginia to develop a master 
plan for restoring native oysters in Chesapeake Bay.  That plan will be based upon information, 
data, and analyses developed for and presented in this PEIS.  Development of that plan will 
enable the USACE to seek $50 million that was authorized through a 2007 amendment of the 
Water Resources Development Act, a first step in large-scale oyster restoration in the Bay.  The 
native oyster master plan will serve as the road map for implementing Preferred Alternative 8a.       
  


2.6 REGULATORY COMPLIANCE13  
 


As an element of a Programmatic EIS, Preferred Alternative 8a establishes only a broad 
outline of the approach that the lead agencies will take in future actions to restore the Bay-wide 
oyster population.  The representative implementation plans for each of the elements of this 
combination of alternatives that were created to facilitate the assessments required for the PEIS 
are conceptual; they do not represent planned, site-specific measures endorsed by the 
management agencies.  Such measures will be specified in oyster management plans to be 
developed in response to findings of the Final PEIS.  The selection of Alternative 8a as the 
preferred alternative eliminates the requirement to comply with some of the federal statutes that 
were listed in the Draft PEIS.  The regulations and policies applicable solely to actions involving 
nonnative species are no longer relevant.  All kinds of restoration activities involving the native 
oyster that are likely to be considered in the future involve placing various kinds of substrate on 
the bottom of the Bay, manipulating existing Bay substrate, or both.  In addition, large-scale 
programs may require on-shore development of various kinds, such as building hatcheries or 
support facilities for expanded aquaculture operations.  Regulatory requirements are likely to 
differ among projects, depending on their scope, magnitude, and location, but the potentially 
applicable statutes include the following: 


 
• NEPA of 1969, as amended, 42 U.S.C. 432 et seq.  -  Federally funded projects must 


comply with NEPA. As noted in Section 1, subsequent to a PEIS, further NEPA 
analyses may be required in tiers (40 C.F.R. § 1508.28) upon definition of site-
specific plans for implementing a preferred alternative. The findings of this PEIS will 
be used in subsequent NEPA analyses and decisions regarding site-specific plans for 
implementing the preferred alternative.  The follow-on analyses are most likely to be 
presented in the form of relatively brief Environmental Assessments (EAs) and 
Findings of No Significant Impact (FONSIs).  


 


                                                 
13 The descriptions of potentially applicable regulations are provided as a summary for the convenience of the 
reader.  These descriptions are not complete statements of applicable law nor do they define the full requirements of 
any regulatory program.  These descriptions should not be considered legal advice.  For legal requirements, the 
reader is referred to the relevant statutes, regulations, executive orders, and other program documents. 
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• Endangered Species Act of 1973, as amended (Pub. L. 93-205; 16 U.S.C. 1532 et 
seq.) – requires an evaluation of the potential consequences of the program for 
Federally listed species within the project area and completion of Section 7 
consultations with the FWS and NOAA’s National Marine Fisheries Service (NMFS) 
as needed. 


 
• Magnuson-Stevens Fishery Conservation and Management Act, as amended 


(Pub. L. 94-265; 16 U.S.C. 1801, et seq.) – requires evaluation of the potential 
consequences of the program for designated essential fish habitat for Federally 
managed species in the project area; NMFS reviews such evaluations. 


 
• National Historic Preservation Act of 1966, as amended (Pub. L. 89-655; 16 U.S.C. 


470. et seq.) – requires evaluation of the potential consequences of the program for 
historical and archeological resources in the project area; requires consultation with 
the appropriate State Historical Preservation Office(s) to ensure that cultural 
resources within the project area are identified and to obtain a formal opinion 
regarding potential loss or damage of important resources or to develop a 
Memorandum of Agreement about appropriate management or mitigation for any 
affected resources. 


 
• Fish and Wildlife Coordination Act of 1958, as amended (Pub. L. 85-624; 16 


U.S.C., 661 et seq.) – requires equal consideration for fish and wildlife resources in 
conjunction with water resources development programs and projects.  It provides 
authority for the involvement of FWS and NMFS in evaluating potential effects on 
fish and wildlife and requires Federal agencies that construct, license, or permit water 
resource development projects to first consult with the FWS or NMFS, as appropriate, 
regarding the potential effects on fish and wildlife resources and measures to mitigate 
these effects. 


• Coastal Zone Management Act of 1972, as amended (Pub. L. 92-583; 16 U.S.C. 
1431, et seq.) – requires a Federal activity or program that may affect coastal areas to 
be consistent with applicable Coastal Zone Management (CZM) Plans and to receive 
a consistency determination from the applicable State CZM program(s) prior to 
taking action. According to legal precedent, states that have Federally approved CZM 
plans have the right to seek conditions on or prohibit the issuance of Federal permits 
and licenses that would affect those states (NRC 2004).     


• Clean Water Act of 1977, as amended (Pub. L. 92-500; 33 U.S.C. 1251, et seq.) –
Under Section 402, National Pollutant Discharge Elimination System permits could 
be required for stormwater discharges from, and sediment and erosion control at, 
construction sites (e.g., new hatcheries) or for other actions that might affect water 
quality (e.g., large-scale aquaculture operations).  Depending on the nature of 
individual restoration projects, Maryland, Virginia, or both may have to apply to 
USACE for permits under Section 404 (a) or 404 (e), which regulate the discharge of 
dredged or fill material into waters of the United States. An Evaluation and 
Compliance Review of applications for such permits [per Section 404 (b)(1)] 
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probably could be incorporated into NEPA documents prepared for individual 
restoration projects if they are to be Federally funded. 


• Clean Air Act, as amended (42 U.S.C. 7401 et seq.) – NEPA documents prepared for 
individual projects would be submitted to the Regional Administrator of USEPA for 
review pursuant to Sections 176 and 309 of the Clean Air Act.  Conformity would 
depend on the nature and scope of activities that would generate air emissions and the 
attainment status of the project location. 


• Rivers and Harbors Act, Section 10 – requires permits from USACE for any work 
in, over, or under navigable waters of the United States.  The USACE may consider 
some individual projects to be exempt. 


• Estuarine Areas Act (16 U.S.C. 1221 et seq.) – Coordination with Federal and State 
resource agencies during the preparation of any NEPA documents for individual 
restoration projects would signify compliance with this act. 


 
• Federal Water Project Recreation Act, as amended (16 U.S.C. 4601-12 et seq.), 


Wild and Scenic Rivers Act, as amended (16 U.S.C. 1271 et seq.), and Land and 
Water Conservation fund Act of 1965, as amended (16 U.S.C. 4601-4 et seq.) - 
Coordination with the National Park Ser4vice (NPS) and the relevant State agencies 
during the preparation of any NEPA documents for individual restoration projects 
would signify compliance with these acts. 


 
 Several Executive Orders and Memoranda also may apply to some projects intended to 
implement Preferred Alternative 8a: 
 


• Executive Order 11988, Floodplain Management (24 May 1977, as amended by 
Executive Order 12148, 20 July 1979), Executive Order 11990, Protection of Wetlands 
(24 May 1977) – On-shore development, such as for hatcheries or support infrastructure 
for aquaculture operations, could occur in the floodplain or in wetland areas. NEPA 
documents prepared for individual restoration projects would need to be circulated for 
public review to comply with the provisions of these orders. 


 
• Executive Order 12898, Environmental Justice in Minority Populations and Low-


Income Populations (11 February 1994) - NEPA documents prepared for individual 
restoration projects would need to be circulated for public review to comply. 


 
• Executive Memorandum, Analysis of Impacts on Prime or Unique Agricultural 


Lands in Implementing NEPA (11 August 1980) - On-shore development, such as for 
hatcheries or support infrastructure for aquaculture operations, could affect agricultural 
lands.  NEPA documents prepared for individual restoration projects would need to be 
circulated for public review to comply. 
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3 Affected Environment 


 
The physical and biological environment that may be affected by the proposed 


introduction of the Suminoe oyster or the alternatives presented in this PEIS can be described 
from two perspectives, geographic and ecological.  Geographically, the affected environment 
includes the entire historical range of the Eastern oyster within Chesapeake Bay and its 
tributaries, as well as estuaries along the Atlantic coast from Canada through the Gulf of Mexico 
to which the Suminoe oyster might spread if the species were to be introduced to Chesapeake 
Bay and is able to establish a reproductively viable population there.  The primary focus of this  
PEIS is to characterize the potential effects of the proposed action and alternatives within 
Chesapeake Bay, the site of the 
proposed action. (Section 3.15 
briefly addresses potentially affected 
resources outside Chesapeake Bay.)  


 
The surface area of 


Chesapeake Bay is approximately 
3,225 square miles (8,386 km2), and 
the shoreline stretches for 4,650 
miles (7,441 km2).  One hundred-
fifty rivers and streams empty into 
the Bay; the James, York, and 
Rappahannock rivers in Virginia and 
the Potomac and Susquehanna rivers 
in Maryland are the largest.  
Important smaller tributaries include 
the Patuxent and Severn rivers on 
Maryland’s western shore and Elk, 
Sassafras, Chester, and Choptank 
rivers on the eastern shore.  Salinity 
determines the potential geographic 
limit of oysters within the Bay. 
Oysters are not commonly found at 
salinities lower than 5 ppt, cannot 
survive for more than short periods 
at salinities lower than 2 ppt, and 
occur most commonly at higher 
salinities (Kennedy et al. 1996).  
Figure 3-1 shows the geographical 
range of the Eastern oyster in 
Chesapeake Bay. 


Figure  3-1. Distribution of existing oyster cultch in 
Chesapeake Bay, with salinity zones 
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From an ecological perspective, the affected environment being evaluated in this PEIS 
includes all components of the ecosystem that could reasonably be expected to be influenced by 
the proposed action or alternative strategies for restoring the Bay’s oyster population.  Thorough 
general descriptions of the ecosystem of Chesapeake Bay are widely available in other 
documents (e.g., Lippson 1973; Funderburk et al. 1991).  The following description of 
potentially affected ecological resources and interactions is based largely on the findings of an 
Ecological Risk Assessment (ERA) conducted to support the preparation of the PEIS (Appendix 
B).  Section 3.1 describes the roles of oysters in important ecosystem processes in Chesapeake 
Bay, as defined for the ERA.  Section 3.2 describes other components of the ecosystem that 
might be affected by the proposed action or alternatives, as identified for the ERA.  Subsequent 
sections describe all other potentially affected attributes of Chesapeake Bay.  
 


3.1 OYSTERS AND THEIR ROLES IN ECOSYSTEM PROCESSES 
 


An ecosystem is defined as a system composed of biotic communities and their abiotic 
environment interacting with each other (Odum 1953).  The ecosystem of Chesapeake Bay 
includes the plants, animals, and physical conditions of the bay and the surrounding watershed, 
including humans.  Oysters14 interact with other organisms and the physical features of their 
habitat in ways that affect both their own population and the populations of other biota.  
Organisms that are affected by changes in the abundance of oysters also affect each other, 
thereby creating complex webs of interactions.  These interactions, called ecosystem processes, 
may be direct or indirect.  Ecosystem processes in Chesapeake Bay occur at varying levels of 
intensity and magnitude depending, in part, on the abundance of oysters.  Because of the diverse 
ecosystem processes to which oysters contribute, biologists generally believe that increases in 
oyster abundance in Chesapeake Bay would contribute positively toward achieving goals 
established by the CBP for restoring the Bay’s ecosystem.  The following discussion summarizes 
the major relationships between oysters and the other components of the Chesapeake Bay 
ecosystem and describes the mechanisms through which changes in oyster production and 
abundance might affect ecosystem processes.   


 
The term “mechanism of interaction” is used throughout this section in the context of an 


ecological risk assessment.  A mechanism does not necessarily equate to an actual effect but 
rather describes how species interact in the ecosystem.  Potential mechanisms of interaction must 
be identified in order to assess the probability and magnitude of effects.  For example, 
competition for food is one mechanism by which oysters might interact with other filter feeding 
organisms in the Bay; however, under current circumstances the availability of food is not a 
limiting factor for filter feeders in most parts of Chesapeake Bay, and no effects related to 
competition for food would be expected on a Bay-wide scale.  This section of the PEIS describes 
the major mechanisms of direct and indirect interaction between oysters and other components of 
the ecosystem; the expected effects of the proposed action and alternatives that might occur 
through those mechanisms are described in Section 4, Environmental Consequences. 


                                                 
14 Throughout this section, the term “oyster” refers to both the native Eastern oyster (C. virginica) and the Suminoe 
oyster (C. ariakensis) unless otherwise indicated.  Although the magnitude of some of the interactions and processes 
described here may differ between the two species, the nature of the interactions and the processes are considered to 
be the same for both. 
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The status of the native oyster (Crassostrea virginica) in the Bay and its current 
estimated population size were described in detail in Section 1 of this PEIS. An important factor 
that controls the abundance of oysters, and many other species, at various locations throughout 
the Bay is the volume of sediment and nutrients being carried into the Bay.  Sediment is carried 
into the estuary by rivers that drain the Bay’s extensive watershed, eroded from the Bay’s 
lengthy shoreline, transported up-estuary from the Atlantic Ocean through the mouth of the Bay, 
introduced from the atmosphere, or generated by primary productivity.  The contributions of 
each of these sources of sediment vary in different areas of the Bay, and the proportions of 
particles of sand, silt, and clay that compose the sediment also vary.  Nutrients attached to 
sediment contribute to determining the amount of algae and other small primary producers, 
collectively called phytoplankton, that grow in the water.  Phytoplankton provides food for 
oysters and small invertebrate animals called zooplankton, which in turn provide food for fish 
and other animals in the Bay.  Small increases in nutrient loads can increase production 
throughout the food chain, all the way up to fish and other animals.  Large nutrient increases can 
cause phytoplankton blooms that reduce the penetration of light through the water and adversely 
affect water quality in the Bay (Sections 3.2.4 and 3.3).  Shading by phytoplankton and sediment 
suspended in the water reduces the amount of light available to support the growth of submerged 
aquatic vegetation (SAV), which provides habitat for many species and helps to trap sediment.  
As the abundance of SAV decreases, the amount of oxygen in the Bay also decreases because 
fewer plants are present to produce oxygen through photosynthesis.  If dissolved oxygen is 
severely depleted, oysters and fish may become stressed or die.   


 
Although transportation and deposition of some sediment in the Bay is a natural process, 


excess sedimentation resulting from human activities within the watershed is one of the most 
important contributors to degraded water quality in the Bay (Mackenzie 2007; Langland and 
Cronin 2003). Human activities have increased the volume of sediment and nutrients that enter 
the Bay and have contributed to altering the system from one dominated by benthic production 
and SAV to one heavily influenced by pelagic (water column) processes (mainly phytoplankton 
production).  Although food for oysters is plentiful under these conditions, the amount of habitat 
available for them decreases because the hard surfaces that oyster larvae require to settle and 
grow become covered with sediment and are no longer suitable for oysters.  When shading 
caused by excessive amounts of suspended sediment and phytoplankton in the water kills SAV, 
the concentration of sediment in the water increases, in part because the SAV is no longer there 
to trap it.  Eventually suspended sediment settles to the bottom throughout the Bay.  As it settles, 
sediment covers oyster reefs and other hard-bottom substrates that oysters need to settle on; 
consequently, sedimentation has dramatically reduced the amount of hard-bottom habitat in 
Chesapeake Bay (Smith et al. 2005), which may limit future increases in oyster abundance.     


 
Several historical and current surveys of the bottom of the Bay illustrate the magnitude of 


the effect of sedimentation.  Oyster grounds in Chesapeake Bay once encompassed more than 
450,000 acres.  The Yates Survey (1911) and the Maryland Bay Bottom Survey (1985) charted 
about 215,000 acres of historic oyster grounds in Maryland.  The Baylor survey (1894) charted 
243,000 acres of historic oyster grounds in Virginia.  It is estimated that only about half of these 
historic oyster grounds were productive habitat because the original reefs were interlaced with 
patches of mud and sand.  Most of the historical oyster shell substrate in Chesapeake Bay is now 
covered with sediment.  The amount of oyster habitat currently remaining in the Bay and the 
method used to estimate it are described in Appendix A.  New acoustic techniques for surveying 
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the bottom suggest that less than 1% of Maryland’s historical oyster grounds can be classified as 
clean or lightly sedimented shell.  Most of such suitable substrate occurs within areas where the 
State has planted shell recently; however, planted shell becomes covered with sediment after an 
average of 5.5 years (Smith et al. 2005).  Excessive sediment loads delivered by increased runoff 
bury shell faster than current oyster populations can create new shell, resulting in a severe and 
continuing decline in habitat suitable for oysters.   
 


Oysters can affect other organisms by changing the physical and chemical environment 
of the Bay ecosystem.  Oysters filter water while feeding, thereby removing sediment and other 
particles from the water and depositing it on the bottom in pellets called pseudo-feces. Filtration 
by large numbers of oysters can reduce the time that sediment remains suspended in the water 
column and increase the clarity of the filtered water.  Oysters’ pseudo-feces are rich in nutrients 
and, therefore, help to support primary production among bottom-dwelling organisms in areas 
immediately surrounding oyster reefs. Local nutrient enrichment also stimulates the exchange of 
various forms of nitrogen and nitrogen compounds from one part of the system to another 
(Newell et al. 2002).  In addition to filtering suspended particles, large populations of oysters 
create bars and reefs of accumulated shell that are unique among kinds of habitat in Chesapeake 
Bay. Successive generations of oysters growing on the shells of previous generations gradually 
accrete large, three-dimensional structures that can compensate for sedimentation, if the rate of 
growth of the oyster reef exceeds the rate of sedimentation.  Oyster reefs provide important and 
unique structural habitat for fish and invertebrates, as illustrated by the large variety of 
organisms that can be found on these structures (Rodney and Paynter 2006).  In the absence of 
functioning oyster reefs, some organisms compete with oysters for limited space on hard surfaces 
such as pilings, rip-rap, and boat bottoms.  Oyster reefs are such important components of the 
Bay ecosystem that oysters have been considered “keystone species” and “ecosystem engineers” 
(Jones et al. 1994; NRC 2004).  When oysters were abundant, expansive areas of reef habitat, 
relatively clear water, and large areas of SAV characterized the Bay.  Now that oyster abundance 
is low, the density of phytoplankton has increased, areas covered by reef and SAV have 
contracted, and the species composition of the Bay has changed in response to the altered 
conditions (Newell 1988).   


 
Oysters can affect other organisms directly through biological mechanisms of interaction 


such as competition and predation.  Oysters feed primarily on phytoplankton and may compete 
for food with other filter-feeding invertebrates (e.g., hard clams, Mercenaria mercenaria, and 
Baltic clams, Macoma balthica), planktivorous fish (i.e., fish that eat minute, free-floating plants 
and animals collectively called plankton), and zooplankton (i.e., minute aquatic invertebrate 
animals) (Kennedy et al. 1996; NRC 2004).  The extent of such competition depends on the food 
preferences of the competing species; moreover, significant competition is likely to occur only 
when the concentration of phytoplankton in the water is low in relation to the number of 
consumers.  Currently, competition for phytoplankton is believed to be minimal because oyster 
numbers are low compared with their historical abundance and because nutrient input and the 
resultant production of phytoplankton are high (Newell 1988).  Factors such as predation, 
disease, and the limited availability of habitat probably are more important than competition for 
food in controlling the abundance of planktivorous species now.  Predation on oysters is an 
important interaction in the Bay ecosystem.  For example, blue crabs (Callinectes sapidus), cow-
nosed rays (Rhinoptera bonasus), and at least one species of bird, the American oystercatcher 
(Haematopus palliates), prey on oysters directly.  Humans are major predators of oysters, and 
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harvest of oysters by humans has historically been biologically, economically, and culturally 
important in the Chesapeake Bay region (Newell 1988). 


  
Oysters can affect other organisms indirectly when the direct effects of changes in oyster 


abundance on some species have cascading effects on other species. Such indirect interactions 
with oysters could extend all the way up the food chain to high-level predators (i.e., trophic 
interactions).  For example, if populations of reef-oriented fish such as the naked goby  
(Gobiosoma bosci) decrease because of a decline in oysters and the oyster reefs that are 
important habitat for gobies, the numbers of larger fish that consume gobies might also decrease, 
and the numbers of birds and mammals that consume the large fish might similarly decrease.  
Many of the species described in the ERA for Oyster Restoration Alternatives (Appendix B) are 
potentially affected by oysters through indirect trophic interactions.  Some species may be 
affected through a complex series of indirect interactions via multiple pathways, which makes 
predicting the effects of changes in oyster abundance difficult.  Evaluating the indirect effects of 
oysters through trophic interactions is challenging because negative feedback relationships 
sometimes contribute to population regulation.  For example, an increase in the abundance of 
planktivorous fish, which are food for larger predatory fish, may actually limit the number of 
predators that reach adulthood because all fish consume plankton as larvae.  When populations 
of planktivorous fish are very large, competition for plankton can limit the number of predators 
that survive the larval period.  The indirect effects of changes in oyster abundance on other 
species in the Bay are much more difficult to quantify than the effects of direct biological 
interactions.   


 
Oysters are affected by the physical characteristics of their environment, including 


climate. Climatic conditions affect oyster populations through interannual differences in 
precipitation runoff, which influences water temperature, salinity, and sediment load in the Bay. 
The Chesapeake Bay has a moderate climate with average air temperature of 13°C (55° F), and 
mean annual temperature range of about 0° to 25°C (32° - 77°F).  Winter temperatures average 
1°C (34°F), and summer temperatures average 24°C (75°F).  Mean annual rainfall for the 
Chesapeake watershed is 1,067 mm (39.4 in), most of which occurs during the spring and late 
fall.  Water temperatures range from 0°C to 29°C (0° to 84°F) and are highly correlated with 
seasonal air temperatures due to the relatively shallow depth of the Bay.  Both the Eastern and 
Suminoe oyster are able to persist throughout the range of climatic conditions typical for the Bay 
(NRC 2004).  Survival rates are likely to differ between the two species during dry years, when 
discharge into the Bay is relatively low, and water temperature and salinity are high.  Warm, 
salty water favors the oyster diseases Dermo and MSX (Section 1.2); therefore, the greater 
disease resistance of the Suminoe oyster could result in differing survival rates between the two 
species during dry years.  Wet years, which may reduce disease prevalence, also increase the 
amount of sediment that is washed into the Bay, which can negatively affect oysters though 
further siltation of oyster bars.   


 
Historically, the region’s climate has tended to shift between wet and dry conditions over 


several years.  That is, wet or dry years tended to occur in clusters through time.  During the last 
10 years, however, rainfall patterns have shifted between wet and dry years more randomly 
(Figure 3-2).  These unpredictable changes in climate are expected to become more prevalent as 
average global temperatures rise, following the current trend (Jones and Moberg 2003).  
According to the U.S. Global Change Research Program (2000), “this rise is very likely to be 
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associated with more extreme precipitation and faster evaporation of water, leading to greater 
frequency of both very wet and very dry conditions.”  Hurricanes and severe tropical storms 
strike the Chesapeake Bay area during some years.  Storms that cause large-scale oyster 
mortality are relatively rare but can have important population-level effects when they occur.  
For example, nearly all oysters north of the Chesapeake Bay Bridge died due to a reduction in 
DO and an influx of sediment and pollutants following the landfall of Hurricane Agnes in 1972 
(http://www.publicaffairs.noaa .gov/releases2003/sep03/noaa03r450.html).   
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Figure  3-2. Mean annual discharge into the Chesapeake Bay between 1935 and 2005 (Source: 


U.S. Geological Survey)   
 
Land use also can affect oysters because it influences the amounts of sediment and 


nutrients that are washed into the Bay.  Before European settlement, forests covered about 95% 
of the Chesapeake Bay watershed.  Forests act as filters, capturing rainfall, trapping nutrients, 
and reducing stormwater runoff.  Forests also protect soil from erosion and stabilize stream 
banks.  Now, forests are concentrated in the Appalachian region of Pennsylvania and West 
Virginia and account for only 60% of the total land area in the watershed.  Agricultural land, 
which contributes more sediment and nutrients than forest, is most common in the coastal 
lowlands north and east of the Bay and accounts for 28% of the total land area of the watershed.  
Developed lands and wetlands each account for about 3% to 4% of the total land area; the 
remaining 5% is open water and other land uses.   


 
Urban development and population growth affect oysters because impervious surfaces 


created by roads, parking lots, buildings, and other structures result in increased runoff, which 
alters salinity patterns, increases sediment loading, and contributes to nutrient enrichment within 
the Bay.  Extensive development also contributes to nutrient enrichment in the Bay, which may 
lead to algal blooms.  Municipal and industrial wastewater treatment facilities accounted for 21% 
of the total nitrogen load delivered to the Chesapeake Bay in 2001.  More than 300 municipal 
wastewater facilities and 58 industrial facilities collectively add 59 million pounds of nitrogen to 
Chesapeake Bay each year.  Between 1970 and 1990, the human population in the Chesapeake 
Bay region grew by 21%, and housing density increased by 49% to accommodate the new 
residents.  From 1990 through 2000, the human population in the Chesapeake Bay watershed 
increased 8%, and the amount of impervious cover (land impenetrable to water) increased 41% 







 
3-7 


(http://www.chesapeakebay.net/status_population.aspx?menuitem=19842).  The population is 
expected to grow from about 16 million in 2000 to 18 million by 2020.  This population increase 
will bring additional development that is likely to exacerbate the problems of heavy erosion and 
sedimentation in the Bay; however, some of these increases may be offset by efforts to reduce 
and remove nutrients. 
 


3.2 OTHER POTENTIALLY AFFECTED COMPONENTS OF THE 
ECOSYSTEM 
 


Given the complexity of ecosystem processes and species interactions within Chesapeake 
Bay, describing the potential effects of changes in the abundance of oysters on every species 
present is not possible within a reasonable time frame and level of effort.  To make the ERA and 
PEIS efforts manageable, the suite of interactions to be considered was simplified by identifying 
groups of species that collectively represent the major functional components of the Bay 
ecosystem in consultation with the Ecological Risk Assessment Advisory Group (ERAAG), 
describing a representative species from each group, and evaluating the effects of each oyster-
restoration alternative on each representative group.  Representative groups and species were 
selected based on characteristics of the Bay ecosystem as described in published literature (e.g., 
Funderburk et al. 1991) and the expert opinions of biologists participating in the development of 
the ERA and this PEIS.  Although the assessment is limited to the selected representatives, the 
underlying assumption is that effects will be comparable for other species that perform the same 
ecological function within the Bay ecosystem.  For example, blue fish (Pomatomus saltatrix) and 
striped bass (Morone saxatilus) are described as representatives of predatory fishes, but the 
effects of oyster restoration under each alternative would be expected to be similar for other 
predators, such as weakfish (Cynoscion regalis).  The following sections describe the ecological 
components of the Chesapeake Bay ecosystem addressed in the ERA and this PEIS, the species 
selected to represent each one, and the kinds of interactions or ecological links that may occur 
between oysters and the selected ecosystem components (Table 3-1).  These interactions served 
as the basis for the risk assessment analyses described in Appendix B.   
 


3.2.1 Soft-bottom Benthos 
 


Benthic (i.e., bottom-dwelling) organisms live in a variety of environments in 
Chesapeake Bay, ranging from intertidal flats to deep channels.  Distinct benthic communities 
are associated with different habitats, including mudflats, marshes, SAV beds, and oyster reefs.  
The benthos of habitats that remain submerged during low tide occupy mostly soft substrates.  
Benthic communities are structured by the physical and chemical environment as well as by 
complex interactions among species in the ecosystem.  As a result, they can serve as an indicator 
of the environmental status of the location in which they reside.  In 2006, 59% of the Bay’s 
benthic habitat was considered degraded according to the Benthic Index of Biotic Integrity (CBP 
2007).  The percentage of habitat classified as degraded in 2006 was substantially greater than 
the values for 2004 and 2005, probably as a result of prolonged persistence of low DO during 
2006.  Research has suggested that benthic health could be improved by reducing the amounts of 
nutrients, sediments, and chemical contaminants entering the Bay (CBP 2007).   
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Table  3-1. Summary of potentially affected ecosystem components and representative species 
evaluated in the ERA (Appendix B). 


Ecosystem Component Representative Species Nature of Ecological Link with Oysters 


Oyster population 
Eastern oyster (Crassostrea 
virginica) Direct competition for food and space 


Hard clam  
(Mercenaria mercenaria) 


Soft-bottom benthos Baltic clam (Macoma balthica) 
Direct competition for food and space 


SAV All species 
Indirect via oysters’ influences on water 
quality 


Blue crab (Callinectes sapidus)  Indirect trophic interactions 


Phytoplankton All species 
Direct predation by oysters; indirect via 
oysters’ influences on water quality 


Zooplankton Acartia tonsa Indirect trophic interactions 
Bay anchovy (Anchoa mitchilli) Indirect trophic interactions Planktivorous fish Menhaden (Brevoortia tyrannus) Direct competition for food 
Naked goby (Gobiosoma bosci)  
Black sea bass (Centropristis 
striata) Reef-oriented fish 
Atlantic croaker (Micropogonias 
undulates) 


Direct via habitat creation by oysters 


Striped bass (Morone saxatilus) Piscivorous fish Bluefish (Pomatomus saltatrix) Indirect trophic interactions 


Loggerhead turtle 
(Caretta caretta)  Reptiles Diamondback terrapin 
(Malaclemys terrapin) 


Indirect trophic interactions 


Avian oyster predators Oystercatcher  
(Haematopus palliates) Direct via change in food availability 


Bald eagle  
(Haliaeetus leucocephalus) Avian piscivores 
Osprey (Pandion haliaetus) 


Indirect trophic interactions 


Black duck (Ana rubripes) 
Avian bottom feeders Canvasback duck (Aythya 


valisineria) 
Indirect trophic interactions 


Racoon (Procyon lotor) Mammalian piscivores River otter (Lontra canadensis) Indirect trophic interactions 


 
In Chesapeake Bay, the distribution and kinds of benthic organisms (> 500 µm) are 


strongly correlated with salinity and are further influenced by the kind of sediment, patterns of 
DO, and other physical factors in a given location (Diaz and Schaffner 1990; Llansó et al. 2002).  
The variety and density of organisms generally increase with increasing salinity.  Tidal 
freshwater habitats are numerically dominated by tubeworms and insect larvae, and the Asian 
clam (Corbicula fluminea) contributes to high biomass.  Mildly to moderately salty regions 
exhibit a greater variety of organisms and feeding types than are observed in freshwater habitats. 
The shoals and channels of regions of medium salinity (i.e., mesohaline – 5 to 18 ppt) exhibit 
high densities of bivalves (e.g., clams, oysters), except where low oxygen conditions prevail.  
Segmented worms (i.e., polychaete annelids), small crustacea, and suspension-feeding bivalves 
(Rangia cuneata, Macoma spp.) dominate these areas.  The blue crab (Callinectes sapidus) is an 
important predator of bivalves, such as young oysters, in these regions of the estuary.  High-
salinity areas are dominated by a large variety of organisms.  Suspension feeding polychaetes 
and tunicates are important contributors to biomass in high-salinity environments, and their 
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filtering capacity is comparable to that of bivalves in low-salinity environments.  Oyster reefs 
and the polychaete annelid Chaetopterus variopedatus provide hard substrate for species-rich 
epifaunal (i.e., species that live on the surface of the bottom) communities (Dauer et al. 1982; 
Schaffner 1990).  Benthic communities play a central role in the transfer of materials from the 
water column to higher levels in the food web.  Much of the productivity of fisheries in 
Chesapeake Bay is linked directly to the benthos through feeding (Virnstein 1977; Holland et al. 
1988; Diaz and Schaffner 1990).  


 
The soft-bottom benthic community interacts with oysters in a variety of ways.  Some of 


the soft-bottom species can be found on substrate created by oysters, which can serve as a refuge 
from predation.  Oysters augment the organic content of sediments in adjacent soft-bottom 
habitats through biodeposition, which increases the nutritive potential of the substrate for 
organisms occupying those habitats (Newell 1988; Dame 1993).  Biodeposits contain a large 
proportion of organic matter (Newell and Jordan 1983) and provide a medium for the growth of 
bacteria, which deposit-feeding benthic organisms depend upon for energy (Levinton et al. 
2001).  An increase in biodeposits generally produces increased benthic productivity in the area 
immediately surrounding an oyster bed or reef.  Biodeposits also change the physical and 
chemical characteristics of local sediments, including sediment texture, grain size, and chemical 
gradients (Pryor 1975; Risk and Moffat 1977; Dame 1993).  These changes tend to increase the 
diversity of benthic fauna locally.  


 
Suspension-feeding bivalves, such as clams, dominate the soft-bottom benthic 


community in mesohaline regions of Chesapeake Bay (Holland et al. 1987).  Two key species of 
bivalves considered to be representative of the soft-bottom benthic community are the hard clam 
(Mercenaria mercenaria) and the Baltic clam (Macoma balthica).  These two species occupy 
different salinity regimes covering the range of salinities in which oysters occur (M. mercenaria 
is found predominantly in higher salinities and M. balthica in lower salinities), and both are 
filter-feeding infauna (i.e., species that live completely or mostly buried within the bottom 
sediment).  The major potential mechanisms for these species to interact with oysters are through 
competition for food and space.  As noted earlier, however, the existence of a mechanism of 
interaction does not necessarily mean that the proposed action or alternatives would produce a 
related effect; identifying the mechanism provides the means of assessing whether an effect 
might occur and helps to ensure a comprehensive evaluation of potential effects.  Competition 
for space could occur on a local scale if an increase in oyster population causes an expansion of 
hard-bottom habitat over existing soft-bottom habitat.  Increased competition between clams and 
oysters for food could result in a reduction in the abundance of infaunal bivalves.  Clams are 
important food items for blue crabs and epibenthic fish (Hines et al. 1990); therefore, the 
potential for reduction in the abundance of infaunal bivalves due to an increase in the abundance 
of oysters is an indirect mechanism of interaction that could trigger a shift in the prey selections 
of crabs from clams to oysters.    


 
3.2.2 Submerged Aquatic Vegetation  


 
The term submerged aquatic vegetation (SAV) refers to both marine angiosperms (the so-


called true seagrasses) and freshwater macrophytes that occupy Chesapeake Bay and its 
tributaries (http://www.vims.edu/bio/sav/).  SAV encompasses 19 taxa from 10 families of 
vascular macrophytes and 3 taxa from one family of freshwater macrophytic algae, the 
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Characeae, but excludes all other algae.  The SAV community as a whole was evaluated as an 
important ecological component of the Bay (Table 3-1).  SAV were considered collectively 
because monitoring data for SAV is recorded as acreage in the Bay (regardless of species), and 
the model used to assess the responses of SAV to changes in oyster abundance does not 
distinguish among species.  The SAV community of Chesapeake Bay and its tidal tributaries 
includes 15 species (exclusive of the algae).  Eelgrass (Zostera marina) is found only in the 
lower reaches of the Bay.  Nonnative Eurasian watermilfoil (Myriophyllum spicatum), sago 
pondweed (Stuckenia pectinata), redhead grass (Potamogeton perfoliatus), wild celery 
(Vallisneria americana), water starwort (Callitriche sp.), curly pondweed (Potamogeton 
crispus), common elodea (Elodea canadensis), water stargrass (Heteranthera dubia), hydrilla 
(Hydrilla verticillata), coontail (Ceratophyllum demersum), southern naiad (Najas 
guadalupensis), and spiny naiad (Najas minor) are less tolerant of high salinities and are found in 
the middle and upper reaches of the Bay (SAV Restoration Workshop 2005; Orth et al. 1979; 
Orth and Moore 1981, 1984).  Widgeon grass (Ruppia maritima) and horned pondweed 
(Zannichellia palustris) tolerate a wide range of salinities and are found throughout Chesapeake 
Bay. SAV plays a critical role in the Chesapeake Bay ecosystem, serving as a sediment 
stabilizer, important habitat for juvenile fish and crabs, food for waterfowl, and a seasonal 
nutrient sink that can help offset the growth of algae. Due to degradation of water quality in 
Chesapeake Bay, SAV populations today are greatly reduced in both density and abundance 
compared with levels documented in the early 1960s (Kemp et al. 2005).  In 2006, SAV 
decreased by 25% throughout the Bay, reaching the lowest level since 1989.  That level is only 
about 32% of the CBP’s restoration goal for SAV (CBP 2007). 
 


Oysters can interact with the SAV community indirectly by inducing changes in water 
quality and providing physical protection for plants.  Filtration by oysters can increase the 
penetration of light through the water due to the removal of suspended sediment and 
phytoplankton, thereby potentially improving growing conditions for SAV. SAV is known to 
benefit from the presence of oyster reefs, which dampen wave energy (Turner et al. 1999; Heiss 
and Bortone 1999). Historically, the presence of tall, three-dimensional oyster bars in fairly deep 
water may have reduced shoreline wave energy, thereby helping to prevent SAV from being 
dislodged or damaged.  The probability and magnitude of potential effects on SAV via this 
mechanism of interaction are discussed in Section 4.3. 


 
3.2.3 Blue Crab 


 
The blue crab is difficult to associate with any single component of the Bay ecosystem 


because it occupies a variety of aquatic habitats ranging from the mouth of the Bay to fresher 
rivers and creeks and occupies different trophic levels during various stages of its life cycle.  
Throughout the year, crabs may burrow into the bottom, shed and mate in shallow waters and 
beds of SAV, or swim freely in open water.  The first life stage of a blue crab, called the zoea, 
lives a planktonic, free-floating existence.  After several molts, the zoea reaches its second larval 
stage: the megalops.  Following recruitment to the estuary, blue crab megalopae metamorphose 
into the first crab stage.  These small crabs (2-3 mm) prefer habitats that can provide refuge from 
predation. In Chesapeake Bay, SAV is preferred habitat for juvenile blue crabs from the first 
crab stage to approximately 20 mm (Orth and van Montfran 1982, 1987).  Although the presence 
of SAV can enhance survival of juvenile blue crabs, it is not essential for strong year classes; 
large harvests have occurred during periods of low SAV coverage.  In the absence of SAV, 
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macroalgae and oyster reefs may provide the necessary structural refuges (Brumbaugh 1996). 
Both juvenile and adult blue crabs forage on the bottom and hibernate there through the winter.  
During spring, blue crabs migrate from the southern part of the Chesapeake to tidal rivers and 
northern portions of the Bay.  During the rest of the year, adult blue crabs are dispersed 
throughout the Bay.  


 
Blue crabs are opportunistic predators; they exploit prey species at sizes that are most 


common in each of the habitats they visit (Micheli 1997).  Although adult oysters are too large 
for blue crabs to open and prey upon (reviewed in White and Wilson 1996), crabs feed readily 
and opportunistically on juvenile oysters (Eggleston 1990).  Oysters attain a partial refuge from 
predation at low densities (Eggleston 1990), but predation by blue crabs might increase with 
increasing oyster abundance.  Mobile predators such as the blue crab produce strong direct 
effects of predation and disturbance on the benthic communities in Chesapeake Bay (Hines et al. 
1990).  Changes in the community structure and population density of predators and of prey 
species resulting from complex interactions with introduced species usually have cascading 
trophic effects that alter the entire structure of an ecosystem, as documented for the Hudson 
River estuary (Strayer et al. 1999) and San Francisco Bay (Carlton et al. 1990). An increase in 
the oyster population could increase the food supply for blue crabs. An increase in the abundance 
of SAV resulting from increased filtration by oysters could enhance the blue crab population by 
providing more refuge for juvenile crabs.   


 
Annual commercial harvests of blue crabs from Chesapeake Bay since 2004 have been 


approximately 60 million pounds, which is well below the 73-million-pound annual average for 
the period 1968 to 2004 (CBP 2007).  This is attributed to low exploitable stock abundance and 
restrictive harvest management measures enacted in 2001 and 2002.  In 2006, the abundance of 
adult crabs was about 57% of the CBP’s interim restoration goal of 232 million crabs (CBP 
2007).   


 
3.2.4 Phytoplankton 


 
Phytoplankton are minute, free-floating aquatic plants. Phytoplankton communities in 


Chesapeake Bay are structured by salinity, temperature, light, and nutrient availability (Harding 
1994).  Although an abundant supply of phytoplankton provides more food for organisms at 
higher trophic levels, too much phytoplankton can harm the overall health of Chesapeake Bay. 
An excess of nutrients in the estuary can result in large algal blooms.  If left ungrazed, excess 
phytoplankton from such large blooms die and sink to the bottom. The process of decay of this 
excess organic matter consumes oxygen and worsens the seasonal oxygen depletion in the 
bottom waters of the Bay (Section 3.3).  This seasonal oxygen depletion is detrimental to 
organisms such as fish and shellfish and can result in high rates of mortality among fish during 
summer.  Scientists use the Phytoplankton Index of Biotic Integrity to establish the environ-
mental status of the habitats in which the communities reside.  In 2006, 69% of the areas 
sampled were occupied by phytoplankton communities that were considered degraded (CBP 
2007). 


 
Major groups of phytoplankton in Chesapeake Bay include diatoms (Bacillariophyta), 


golden-brown algae (Chrysophyta), green algae (Clorophyta), blue-green algae or cyanobacteria 
(Cyanophyta), dinoflagellates (Pyrrophycophyta), cryptomonads (Cryptophyta), and 
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microflagellates (Prasinophyta, Euglenophycota, Protozoa).  Diatoms dominate the spring 
bloom, which constitutes the greatest algal biomass of the year.  The timing, position, and 
magnitude of the spring bloom vary greatly between years and depend largely on flow (Harding 
1994).  Dinoflagellates replace diatoms during the summer, but at much reduced concentrations. 
Large blooms of dinoflagellates and cyanobacteria, which sometimes occur during spring and 
summer, produce red tides that are toxic to fish, shellfish, and sometimes humans.  Red tides are 
prevalent on the western side of the Bay and at the mouths of certain tributaries and can result in 
significant economic losses due to closures of shellfish beds.  Dinoflagellates of the genus 
Pfiesteria have appeared recently in the Bay and have been implicated in massive fish kills and 
some human illness.   


 
Phytoplankton is the principal food of oysters.  The native Eastern oyster is an active 


suspension feeder that exhibits complex feeding responses when exposed to seasonal variations 
in temperature and seston (reviewed in Langdon and Newell 1996).  Larval oysters feed on a 
wide range of suspended particulate matter, including bacteria (Baldwin and Newell 1991).  
Oyster larvae that are offered plankton ranging from 0.2 µm to 30 µm feed preferentially on the 
20-µm to 30-µm size-fraction, which is dominated by heterotrophic protozoans and dino-
flagellates (Baldwin and Newell 1991).  Other studies have shown that oyster larvae typically 
ingest particles between 0.5 and 12 µm but will consume larger particles (16 to 30 µm) when 
blooms of dinoflagellates of that size are present (Baldwin and Newell 1995).  A mixed algal diet 
has been shown to be superior to single-species diets for the growth of juvenile oysters (Enright 
et al. 1986a).  Although detrital complexes (i.e., non-living organic matter and attached bacteria) 
contribute to the nutritional requirements of the native oyster (Langdon and Newell 1990; 
Crosby et al. 1990), most of the carbon incorporated into oysters’ tissues is derived from 
phytoplankton (Haines 1977).  In one study, adult Eastern oysters in a salt-marsh estuary fed 
preferentially on phototrophic nanoflagellates (Wetz et al. 2002).  The Suminoe oyster is 
generally believed to use the same food resources as the Eastern oyster (NRC 2004).   


 
Oysters interact with the phytoplankton community both directly and indirectly.  The 


primary interaction is direct: selective feeding reduces phytoplankton biomass and alters the 
species composition of the community.  Many studies have demonstrated that benthic suspension 
feeders exert top-down control on phytoplankton production in freshwater, estuarine, and coastal 
waters (Cohen et al. 1984; Riemann et al. 1988; Cloern and Alpine 1991).  Phytoplankton 
densities were 40% to 60% lower in a 6-km to 8-km segment of the Potomac River with the 
highest densities of an Asian clam (Corbicula fluminea) than in upstream or downstream areas 
with fewer clams (Cohen et al. 1984), suggesting that phytoplankton production was not 
sufficient to compensate for the rate of filtering by the highest densities of clams.  Daily rates of 
primary productivity in northern San Francisco Bay were much lower after the introduction of 
another Asian clam, Potamocorbula amurensis, when compared with pre-invasion levels, which 
led to a dramatic decline in annual phytoplankton production (Cloern and Alpine 1991).  Based 
on feeding rates and densities in the field, researchers concluded that this decline in primary 
production was a result of the consumption of phytoplankton by P. amurensis.  Results of a study 
by Newell et al. (2002) suggest that an ecosystem dominated by benthic primary production may 
develop in shallow waters when reduced turbidity associated with bivalve feeding increases light 
penetration to a level that can sustain benthic microalgal production.  Turbidity is reduced when 
bivalves filter phytoplankton and inorganic particles larger than 3 µm from the water column and 
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transfer undigested material to the sediment surface in their feces and pseudofeces (collectively 
called biodeposits).   
 


3.2.5 Zooplankton 
 


Zooplankton are minute, aquatic invertebrate animals, including the free-floating larval 
stages of oysters, clams, and crabs. Zooplankton communities in Chesapeake Bay act as the 
middle step between the very productive phytoplankton and bacteria at the bottom of the food 
chain and the many economically important species at higher levels in the food chain (i.e., 
trophic levels), such as fish and their larvae.  Zooplankton consume phytoplankton and bacteria 
and can be a regulating force over these communities. In turn, excretion by zooplankton is one of 
the most significant recycling mechanisms that supplies phytoplankton with nitrogen and 
phosphorus for growth.  Brownlee and Jacobs (1987) reviewed the composition and distribution 
of zooplankton in Chesapeake Bay. Protozoans, rotifers, and copepod nauplii dominate the 
microzooplankton (< 200 µm).  Dominant mesozooplankton (> 200 µm) species are the 
copepods Acartia tonsa and Eurytemora affinis in Maryland and Acartia hudsonica in Virginia. 
Copepods account for greater than 65% of all species collected in zooplankton monitoring 
programs in Chesapeake Bay.  Cladocerans, barnacle nauplii, and polychaete larvae are 
important at certain times of the year and in particular salinity regimes.  In summer, gelatinous 
species of zooplankton (especially ctenophores) are important predators of copepods and oyster 
larvae.  Zooplankton communities in the freshwater and oligohaline regions of Chesapeake Bay 
are diverse, and their abundance and biomass are usually high.  Abundance, biomass, and 
diversity are generally lower in the mesohaline and polyhaline zones, although high densities of 
larval polychaetes, mollusks, and decapods occur in specific areas. 


 
The major consumers of zooplankton are larval fish, adult fish of certain species, 


ctenophores (Mnemiopsis leidyi), and jellyfish (e.g., the sea nettle Chrysaora quinquecirrha).  
Fish such as the bay anchovy (Anchoa mitchili) feed primarily on zooplankton, and particularly 
on A. tonsa (Peebles et al. 1996).  Bivalve larvae in the free-floating stage, known as veligers, 
can be considered part of the zooplankton and are subject to the same predators.  Purcell et al. 
(1991) found that while in the medusa stage, sea nettles capture bivalve larvae but do not ingest 
them. They concluded that sea nettles are not important predators of bivalve larvae but may 
reduce their mortality by consuming ctenophores, which do prey upon the veligers.  Breitburg 
and Fulford (2006) found a significant decrease in the abundance of sea nettles in Chesapeake 
Bay since the mid 1980s and a simultaneous increase in the biovolume of ctenophores (i.e., 
milliliters of ctenophores per cubic meter of water).  They estimated that ctenophores currently 
consume an average of 10% to 25% of oyster larvae throughout the summer and may consume 
40% to 100% of oyster larvae locally in areas of peak density of ctenophores.  Using a simple 
quasi-equilibrium, mass-action model (Ulanowicz and Tuttle 1992), researchers have predicted 
that an increase in the abundance of oysters in the Bay would decrease phytoplankton 
productivity; the abundances of pelagic microbes, ctenophores, and medusae; and particulate 
organic carbon.  The model also predicted increases in benthic primary production and fish 
stocks.  Many reef-dwelling benthic invertebrates produce planktonic larvae; therefore, oyster 
reefs might provide both sources of larvae and recruitment sites at the end of planktonic 
development (Harding 2001). 
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Because of its ubiquity and importance in the trophic structure of the Bay, we selected A. 
tonsa to represent the zooplankton community. A. tonsa is the dominant copepod species in the 
mesohaline portion of Chesapeake Bay from April to October (Brownlee and Jacobs 1987).  The 
ability of A. tonsa to thrive on various kinds of food, including phytoplankton, microzoo-
plankton, and detritus, may enable it to maintain a high production rate under widely different 
conditions (White and Roman 1992).  The primary mechanism of interaction between oysters 
and the zooplankton community would be indirect, through competition for planktonic food.   
 


3.2.6 Planktivorous Fish 
 


Planktivorous fish are a key part of the food web in Chesapeake Bay.  They consume 
small organisms that drift or swim in the water column, collectively called plankton, and are 
preyed upon by larger fishes such as striped bass and bluefish, known as piscivores.  The larval 
and early juvenile stages of all fish species in the Bay feed on plankton; however, bay anchovy 
and menhaden are the only two major species in Chesapeake Bay that feed primarily on plankton 
throughout their life cycles.  Because oysters also feed on some types of phytoplankton, and 
phytoplankton serve as a food source for zooplankton, the mechanism of interaction between 
oysters and planktivorous fishes would be through the food chain.     
 


The small bay anchovy occurs in coastal waters from Maine to Yucatan.  It is the most 
abundant fish in the Bay and is a major source of food for nearly all predatory fish.  Humans do 
not exploit the species because of its small size.  The population of bay anchovy fluctuates 
greatly from year to year but has exhibited a declining trend since about 1994.  Recruitment of 
juveniles into the population depends partly on the concentration of planktonic food available 
(Jung and Houde 2004b).  The bay anchovy is particularly sensitive to pollution (Bechtel and 
Copeland 1970; Livingston 1975), which could affect its abundance in the Bay.  Although bay 
anchovies and oysters both consume plankton, they prefer different types.  Bay anchovies feed 
primarily on zooplankton, particularly the copepod Acartia tonsa (Peebles et al. 1996).  Oysters 
consume some zooplankton, but most of their diet consists of phytoplankton (Haines 1977); 
therefore, the potential for direct competition between oysters and bay anchovies is limited.  A 
variety of indirect interactions are possible, however.  For example, A. tonsa consumes phyto-
plankton, which may be reduced by oysters, thereby affecting the food supply for bay anchovy. 


 
Menhaden occur in coastal and estuarine waters from Nova Scotia to northern Florida.  


The species is abundant in the Bay during the spring, summer, and fall, but generally migrates 
south to the Carolinas during the winter.  In addition to being a major source of food for striped 
bass and other piscivorous fishes, menhaden support one of the largest fisheries in the United 
States.  Menhaden are used for fishmeal, fish oil, and bait for other fisheries.  Although the stock 
is considered healthy, recruitment of juveniles into the population has declined recently, and 
harvest limits are in effect for Chesapeake Bay (Cosby et al. 2007; ASMFC 2006).  Menhaden 
are planktivorous throughout their life cycle but undergo a series of changes in feeding behavior 
as they grow and develop (Friedland et al. 1989).  Larvae feed on small plankton of all kinds, but 
juveniles are obligate filter feeders and consume mostly phytoplankton (June and Carlson 1971; 
Govoni et al. 1983).  As juveniles grow into adults, their diets gradually shift to include more 
zooplankton (Durbin and Durbin 1975).  Amorphous organic matter composed of dissolved 
detritus and decaying plants also constitutes a substantial proportion of their diet in some 
environments (Lewis and Peters 1994).  Oysters consume mainly phytoplankton (Haines 1977) 
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but also detritus and other material (Langdon and Newell 1990; Crosby et al. 1990); therefore, 
the primary mechanism of interaction between oysters and planktivorous fish would be the 
potential to compete for food.   
 


3.2.7 Reef-oriented Fish 
 


Oyster bars, which are remnants of the oyster reefs that were present historically in the 
Bay (Hargis 1999), provide habitat for several species of fish, many of which are important in 
commercial and recreational fisheries.  Although some tropical fishes reside on reefs throughout 
their life cycles, few Bay species exhibit this pattern.  The naked goby (Gobiosoma bosci), a 
small forage species, resides on oyster bars throughout its juvenile and adult lifestages (Breitburg 
1991) and is considered an exclusively reef-dwelling species.  Black sea bass (Centropristis 
striata), which is considered to be a temperate reef fish, is found seasonally on oyster bars and 
other hard substrates and structures in the middle and lower Bay during warm months.  Although 
black sea bass generally migrate to ocean waters during the winter, they are reef dependent for a 
significant portion of each year.  A third category of reef-oriented fish includes species that use a 
variety of habitats but frequent hard-bottom habitat, such as oyster bars; the Atlantic croaker 
(Micropogonias undulates) is an example of such reef-aggregating species.  These three species, 
naked goby, black sea bass, and Atlantic croaker, represent the suite of species that orient to and 
may be affected by changes in the availability of oyster-reef habitat.   


 
Breitburg et al. (2000) discussed the role that restored oyster reefs may play in enhancing 


the production of finfish and decapod crustaceans, such as crabs; however, the role of oyster bars 
in the population dynamics of reef-oriented fishes has not been documented.  Several studies 
have investigated differences in the abundance of reef-oriented species among sites with and 
without oyster bars and reefs.  Harding and Mann (2001) documented patterns of species 
richness, abundance, and size-specific use of habitat by transient fish along a gradient from 
complex reef habitat through simple sand bottom in the Piankatank River, Virginia.  They found 
that as habitat complexity increased, the size and abundance of transient fishes increased.  They 
concluded that oyster reefs may be important habitat, but were not essential for the species they 
investigated, which included Atlantic croaker, Atlantic menhaden, striped bass, and weakfish.  
Peterson et al. (2003) used results from six different field studies to estimate the enhancement of 
production for several species of fish that could be attributed to restoration of oyster-reef habitat.  
They classified the species evaluated in the study into two groups:  (1) species that recruit 
exclusively to reefs, such as naked goby and oyster toadfish, and (2) species that aggregate 
around reefs, such as black sea bass and bay anchovy.  For the second group, the investigators 
noted that the absence of reef habitat did not limit their production, but the presence of reef 
habitat augmented it.  Rodney and Paynter (2006) compared macrofaunal assemblages on 
restored and unrestored oyster reefs in mesohaline regions of the Bay.  They found that densities 
of demersal fish, primarily naked goby, were four times greater on the restored reefs than on the 
unrestored reefs.  They also found that densities of prey species were much greater on restored 
reefs (e.g., 20 times more amphipods than on unrestored reefs).   


 
The mechanism of interaction between oysters and reef-oriented fish is related to the 


habitat created by oyster reef.  An increase in the amount (area and volume) of oyster reef in 
Chesapeake Bay could directly affect the populations of some species of reef-oriented fish and 
indirectly affect others through increases in the availability of prey items and valuable habitat 
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associated with reefs.  For the exclusively reef species, represented by the naked goby, an 
increase in the amount of available habitat could directly affect the population size.  For the reef-
dependent species, represented by black sea bass, an increase in the amount of available habitat 
and the resultant increase in food resources could affect the population size.  For reef-
aggregating species, represented by Atlantic croaker, a change in reef habitat could change the 
food resources associated with the habitat and, thus, the size of the croaker population.   


 
3.2.8 Piscivorous Fish 


 
The piscivorous segment of the fish community of Chesapeake Bay includes some of the 


most sought-after species in recreational and commercial fisheries.  Species such as striped bass, 
bluefish, weakfish, and Spanish mackerel can be found seasonally and are sought by anglers 
throughout the Bay.  Striped bass, an anadromous species, and bluefish, a marine species that 
uses the Bay as a nursery area, can be considered to be representative of the piscivorous segment 
of the fish community.  In Chesapeake Bay, the population of striped bass has increased greatly 
over the past decade due to responsible management of the fishery, but susceptibility to disease 
and availability of prey are both of concern to resource managers (CBP 2007).  Changes in 
oyster populations in the Bay would not affect these species directly, but they could be affected 
indirectly through the food chain.  A change in the oyster population (abundance and 
distribution) could influence planktivorous fish directly through competition for food, and 
piscivorous fish could be influenced by the associated change in the availability of their fish and 
non-fish prey.  The probability and projected magnitude of potential effects via this mechanism 
of interaction are described in Section 4.2. 


 
3.2.9 Reptiles 


 
Four of the seven sea turtles found throughout the world appear seasonally in Chesapeake 


Bay.  The loggerhead turtle (Caretta caretta) accounts for nearly 90% of the summer population 
of sea turtles in the Bay and, therefore, is a representative species for the ERA and this PEIS. 
The loggerhead turtle is on the Federal list of threatened species and on Maryland’s and 
Virginia’s lists of threatened species.  Juvenile loggerheads enter Chesapeake Bay during the late 
spring and early summer (Lutcavage and Musick 1985) and migrate out of the Bay from late 
September to early November, as water temperatures drop (Klinger and Musick 1995).  They 
have been documented throughout the mainstem as far north as the Magothy River, and in 
several of the tributaries, including the Potomac, Patuxent, Choptank, and Severn rivers. 
Chesapeake Bay provides ideal foraging habitat for the development of juvenile sea turtles.  
Loggerheads eat a variety of foods including horseshoe crabs, crustaceans, jellyfish, and 
mollusks.  They concentrate their feeding along channels near the mouths of rivers and areas of 
the Bay that are deeper than 13 feet.  


 
The diamondback terrapin (Malaclemys terrapin) is the Maryland State reptile and 


another representative species.  It is the only North American turtle that lives exclusively in 
brackish water.  Diamondbacks feed mostly on mollusks, especially snails, clams, and mussels.  
Diamondbacks spend their entire lives in local creeks, salt marshes, and coves. Whitelaw and 
Zajac (2002) demonstrated that resource availability may not be the primary driver of terrapin 
distribution.  Distribution may be driven more by the physical structure, plant density, and tidal 
amplitude of the creeks in which they reside.  Diamondbacks and, particularly, their nests are 
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susceptible to predation by raccoons, crabs, crows, gulls, rats, muskrats, foxes, skunks, and mink. 
Because of the appeal of terrapin as a gourmet delicacy, harvest pressure decimated terrapin 
populations throughout the Bay by the early 1900s.  To aid in conserving the population, the 
State of Maryland passed legislation in 2007 banning the commercial harvest of terrapins in 
Maryland waters. 


 
The mechanism of interaction between oysters and sea turtles and terrapins is indirect; 


changes in the oyster population in Chesapeake Bay could change the availability of prey items 
for these species, specifically clams, crabs, mussels, jellyfish, and SAV.  Although indirect 
interactions such as these are extremely difficult to quantify and may be undetectable, this 
ecosystem component is included as part of the standard approach for conducting an ecological 
risk assessment. 
 


3.2.10 Avian Oyster Predators 
 


Numerous avian species in the Chesapeake Bay watershed use benthic species as a 
primary food source.  An important representative species is the American oystercatcher 
(Haematopus palliates).  Oystercatchers are large shorebirds with strong white or black-and-
white markings.  They consume oysters and other shellfish and have powerful, brightly colored 
bills that they use to open the shells of bivalves.  Oystercatchers were once hunted almost to 
extinction but are now conspicuous shorebirds found throughout the Chesapeake Bay region.  


 
Several studies have shown that a decrease in shellfish stocks negatively affects the 


oystercatcher population (Goss-Custard et al. 2003; Atkinson et al. 2003; Tuckwell and Nol 
1997a).  When the abundance of shellfish is low, the birds can survive on alternative prey 
species, but these species often do not enable the birds to maintain good body condition (Smit et 
al. 1998).  Tuckwell and Nol (1997b) showed that kleptoparasitism by other species (e.g., gulls) 
increases when oystercatchers are feeding on non-oyster shellfish.   


 
The primary mechanism of interaction for oystercatchers is direct, through a change in 


the availability of oysters as a food source.  A secondary mechanism of interaction could be 
through competition between oysters and other shellfish, which could shift the prey-suite for 
oystercatchers.   


 
3.2.11 Avian Piscivores 


 
Many avian species use the abundant fish populations of Chesapeake Bay as their 


primary food sources.  Two of the species documented best in the literature are the bald eagle 
(Haliaeetus leucocephalus) and the North American osprey (Pandion haliaetus).   


 
The bald eagle is a large raptor that is on the Federal list of threatened species and on 


State lists of threatened species in Maryland and Virginia.  Bald eagles require large areas of 
undisturbed mature forest close to aquatic foraging areas.  Bald eagles eat fish when they are 
available but will shift to a variety of other birds, mammals, and turtles – both live and as 
carrion – when fish are scarce.  Chesapeake Bay may once have provided habitat for as many as 
3,000 breeding pairs of bald eagles.  The population declined dramatically due to habitat 
destruction, poaching, and contamination with DDT.  In 1973, the bald eagle was listed as 
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endangered in 43 of the lower 48 states.  After a ban on the use of DDT, the population slowly 
began to increase, and the bald eagle was reclassified as threatened in 1995 and delisted in 2007.   


 
The osprey is the only diurnal bird of prey that feeds exclusively on live fish.  The 


species is situated at the top of the aquatic food chain and is a good indicator of habitat 
destruction, dwindling fish populations, and environmental contamination.  Ospreys build 
conspicuous nests on tall, offshore structures such as channel markers and duck blinds to protect 
their young and to be located near their food supply.  Ospreys eat a host of fish species and are 
vulnerable to predation by animals such as raccoons. 


 
The mechanism of interaction for both of these avian species is indirect:  a change in the 


oyster population could cause changes in the populations of planktivorous fish (particularly 
menhaden) through competition for food, which could affect avian piscivores.  Although indirect 
interactions such as these are extremely difficult to quantify and may be undetectable, ecosystem 
components such as this one are included as part of the standard approach for conducting an 
ecological risk assessment. 


 
3.2.12 Avian Bottom Feeders 


 
Chesapeake Bay is located along the Atlantic flyway, which channels the annual seasonal 


flights of millions of migratory waterfowl to the Bay.  The shallow waters and wetlands of the 
Bay and its temperate climate offer a fertile and diverse environment for waterfowl.  Four 
categories of waterfowl inhabit Chesapeake Bay:  dabbling ducks, diving ducks, geese, and 
swans.  All four kinds depend on agricultural areas, bay bottom, and wetlands for food and 
nesting habitat. 


 
The black duck (Anas rubripes) is a good representative of a benthic-feeding avian 


species.  The black duck is a medium to large dabbling duck that is most similar to the mallard 
(Anas platyrhynchos), but it lacks the male mallard’s characteristic green head and white collar.  
Black ducks feed on a combination of plants and animals.  They forage underwater by dabbling 
and upending.  Their diet consists mainly of the seeds of grasses, sedges, pondweeds, and other 
aquatic vegetation.  They will also readily eat snails, Baltic clams, ribbed mussels, and fish 
(Krementz 1991).  Black ducks depend upon the condition of the bottom of the bays and 
wetlands in which they feed.  Diving ducks such as canvasbacks (Aythya valisineria) depend 
totally on aquatic habitats throughout their life cycle.  They feed on plants and animals in 
wetlands and shallow benthic habitats.  At one time, canvasbacks in Chesapeake Bay consumed 
wild celery almost exclusively, but the decline in wild celery caused the species to shift its diet to 
small clams.  As bottom feeders, canvasbacks are likely to be able to forage on and around many 
oyster bars. 


 
Neither black ducks nor canvasback ducks, nor any of the other waterfowl known to 


inhabit Chesapeake Bay, feed directly on oysters to any significant extent; however, canvasbacks 
may feed on or around oyster bars.  The primary mechanism of interaction between oysters and 
these benthic-feeding birds is indirect, through changes in the kinds and distribution of benthic 
invertebrates that could result from competition with oysters for food and habitat.  
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3.2.13 Mammalian Piscivores 
 


Many piscivorous mammals inhabit the shores and waters of Chesapeake Bay.  Although 
these mammals do not feed directly on oysters to any significant extent, a change in oyster 
populations could affect them indirectly through competition between oysters and planktivorous 
fish, which are food for piscivorous mammals.  Although indirect interactions such as these are 
extremely difficult to quantify and may be undetectable, this ecosystem component is included as 
part of a standard approach for conducting an ecological risk assessment.  Two representative 
species are the raccoon and the river otter.   


 
The raccoon (Procyon lotor) is an omnivorous nocturnal mammal that prefers to inhabit 


trees near streams, springs, or rivers. Raccoons feed on mice, insects, fish, and frogs (Dewey and 
Fox 2001).  Raccoons also will eat the eggs of turtles and some birds (e.g., gull-billed terns, 
osprey). 


 
The river otter (Lontra canadensis) spends most of its life in the rivers, marshy ponds, 


and wooded riparian areas of the Chesapeake and its tributaries.  The river otter population is 
increasing on Maryland’s Eastern Shore, and some otters have been captured and released in 
other parts of the state where they had become scarce.  River otters feed on fish, crayfish, crabs, 
frogs, and small mammals (Dewey and Ellis 2003).   


 
3.3 WATER QUALITY 


 
Oysters both affect water quality and are affected by water quality. Water quality in 


Chesapeake Bay is influenced by the characteristics of its watershed and by the interaction of 
physical, chemical, biological, and anthropogenic processes.  The watershed drains a large area 
encompassing 64,000 square miles of streams, rivers, and land within parts of six states.  The 
waters that flow into the Bay carry effluent from wastewater treatment plants and septic systems 
serving a population of 18 million people, and nutrients, sediment, and toxic substances from a 
variety of anthropogenic sources, such as agricultural lands, industrial discharges, automobile 
emissions, and power generating facilities.  Five major rivers contribute 90% of the fresh water 
delivered to the Bay: Susquehanna, Potomac, Rappahannock, James, and York.  Except for a few 
deep troughs associated with the ancient bed of the Susquehanna River, Chesapeake Bay is 
shallow, averaging 6.5 meters deep.  This shallowness makes the Bay’s waters sensitive to 
temperature fluctuations, mixing events, and interactions with the sediments (http://www 
.chesapeakebay.net/ecoint2b.htm; Jasinski 2003). 


 
Physical processes in Chesapeake Bay control the seasonal distribution of salinity, 


temperature, and DO and play an important role in determining water quality.  During spring and 
summer, surface and shallow waters are warmer and fresher than deeper waters; therefore, the 
water column stratifies into a two-layer system.  The zone of change between those two layers is 
called the pyncnocline.  The strength of the stratification depends on river flow:  the larger the 
volume of the incoming fresh water, the stronger the stratification.  The deeper, more saline 
water moves up the Bay from the Atlantic Ocean.  During autumn, vertical mixing occurs rapidly 
due to cooling and sinking of the surface waters and the passage of weather fronts.  Water 
temperature and salinity are relatively constant from surface to bottom during winter.  
Stratification of the Bay and the development of the pyncnocline during warm months restrict the 
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exchange of water between the upper and lower layers and, consequently, limit the supply of 
oxygen available in water near the bottom.  During the spring and summer, as organisms 
consume increasingly more oxygen, the oxygen content decreases in bottom waters.  As 
stratification persists, the concentration of oxygen in bottom waters may decrease to less than is 
needed for organisms to function (i.e., the water becomes hypoxic).  This process occurs 
naturally in many estuaries, but in Chesapeake Bay it is exacerbated by excess nutrients from 
anthropogenic sources (Kemp et al. 2005). 


 
Hypoxic waters generally occur in Chesapeake Bay during the summer of each year in 


deep areas of the mainstem and at the mouths of the major tributaries.  The volume of hypoxic 
water in Chesapeake Bay varies with changes in hydrology (dry versus wet years) and with 
seasonal changes in water temperature.  Years with little precipitation and minimal river flow 
show less intense hypoxia than years with greater precipitation and river flow.  Also, as water 
temperature increases during the summer months, hypoxia becomes more prevalent.  From 1985 
to 2006, during the period June through September, on average 1.44% of the volume of the 
mainstem was anoxic, and 5.25% was hypoxic (D. Jansinski, USEPA CBP, pers. comm.).  Data 
throughout the Bay suggest a general increasing trend in DO since 1985; however, the Bay 
experienced extensive hypoxia from 2003 to 2005 due to unusually wet conditions.  Water 
quality data gathered between 2004 and 2006 indicate that only about 33% of the Bay’s tidal 
waters met standards for DO (i.e., the concentrations established by regulatory agencies as 
appropriate for biota that occupy different habitats in the Bay, including open water, deep water, 
and deep channel) during the months of June through September (http://www.chesapeakebay.net 
/do.htm). 


 
Impaired water quality in Chesapeake Bay is linked to nutrient over-enrichment and high 


concentrations of suspended sediment.  Forest clearing, agricultural practices, and urban devel-
opment contribute large amounts of nutrients and sediment that are transported to the Bay by its 
tributaries15.  Excess nutrients stimulate the growth of phytoplankton populations.  When the 
increasingly abundant phytoplankton (i.e., an algal bloom) die, large amounts of organic matter 
sink to the bottom.  The presence of excess organic matter on the bottom increases the demand 
for DO, which is required for bacterial decomposition of the organic matter.  This increased 
oxygen demand hastens the seasonal oxygen depletion in the bottom waters of the Bay.  
Increased algal growth and sediment runoff also contribute to reducing water clarity in 
Chesapeake Bay.  These processes suggest three good indicators of water quality in the Bay:  DO 
concentration, chlorophyll a concentration, and water clarity (http://www.chesapeakebay.net 
/wqcchlorophylltech.htm, http://www.chesapeakebay.net/wqcclaritytech.htm, http://www 
.chesapeakebay.net/do.htm).  


 
Oxygen concentrations of less than 5 milligrams per liter (mg/l) of water affect the 


behavior and survival of fish.  Concentrations below 2 mg/l are considered to be severely 
hypoxic and affect the structure, distribution, and productivity of benthic organisms, including 
oysters.  Frequent hypoxic events result in benthic populations dominated by fewer, short-lived 
species.  Persistent hypoxia and anoxia (a complete absence of oxygen) can result in mass 


                                                 
15 Although oysters and other filter feeding organisms play a role in cycling nutrients through the ecosystem of 
Chesapeake Bay, they do not contribute to the amount of nutrients being introduced into the Bay.  This aspect of 
their role in the Bay ecosystem is not addressed further in this PEIS. 
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mortality of benthic organisms and often in the complete elimination of the macrofauna.  For 
example, Seliger et al. (1985) documented a catastrophic anoxic episode in the Bay that occurred 
in 1984.  As a result of an unusual combination of factors that together contributed to oxygen 
depletion, oxygen levels at water depths greater than five meters dropped to 0 mg/l beginning in 
June of that year, followed by total mortality of shellfish and associated fauna at depths greater 
than six meters.  Subsequent studies conducted from 1986 to 1988 in the Choptank River 
specifically to investigate relationships between DO levels and oyster mortality found no 
significant correlation, possibly because DO levels never declined or persisted to the extent that 
occurred in 1984.  Sessile estuarine organisms such as oysters have adapted to variable 
environmental conditions that typically occur in estuaries and are capable of surviving short 
episodes of hypoxia.  Also, the fact that oyster bars in the Bay are located in shallow areas 
reduces their exposure to seasonal hypoxia in deeper waters (R. Mann, VIMS, pers. comm.).  For 
example, the mean depth of existing oyster habitat in Maryland’s portion of the Bay is 4.2 m, 
with a range of 1.5 m to 9.7 m (DNR 2007).  Virginia considers the potentially deleterious 
effects of hypoxia in planning its oyster restoration and enhancement programs.  Virginia 
routinely limits the placement of shell for restoration to shallower areas where oysters once were 
present; locations where low DO may be an issue, as identified during Virginia’s fall oyster 
surveys, are avoided when placing shell (J. Wesson, VMRC, pers. comm.).  DO at levels that do 
not cause mortality of oysters may cause stress that contributes to increases in mortality from 
other causes.  For example, Boyd and Burnett (1999) and Anderson et al. (1998) documented 
immune suppression and consequent increased mortality from Dermo among oysters that 
experienced mild hypoxia. Hypoxia also affects the behavior of a variety of predators of benthos 
and influences the trophic transfer of energy from benthos to fish.   


 
The concentration of chlorophyll a in a water sample is used as an indicator of the 


amount of phytoplankton present.  Large concentrations of chlorophyll a usually result from the 
presence of excess nutrients that contribute to increases in phytoplankton populations and have 
been linked to decreased water clarity, hypoxia, and changes in the structure of plankton 
communities in Chesapeake Bay.  Harmful algal blooms may result from the altered community 
composition.  Recent Bay Program data show decreasing trends for chlorophyll a concentrations 
(i.e., decreasing phytoplankton populations) in the upper portion of many tributaries, such as the 
Patuxent, Potomac, York, James, Choptank, Nanticoke, and Pocomoke rivers, and in the smaller 
tributaries of the upper western shore of Maryland, but increasing trends in the Rappahannock 
River, lower Choptank River, and Tangier Sound (http://www.chesapeakebay.net).    


 
Clear water, which allows light to pass freely, is important for the growth of SAV 


(Section 3.2.2).  Water clarity decreases with algal blooms and large volumes of sediment runoff.  
Increases in water clarity have been observed to occur with increases in filter feeding organisms.  
For example, during the summer of 2004, water clarity in the Magothy River reached an all time 
high value concurrent with a dramatic increase in the population of the dark false mussel 
(Mytilopsis leucophaeta), a small filter-feeding shellfish (DNR 2004).  A similar dramatic 
increase in water clarity of some of the Great Lakes occurred concurrently with the accidental 
introduction and explosive population growth of the nonnative, invasive zebra mussel (Dreissena 
polymorpha).  Since zebra mussels became established in Lake Erie, water clarity has increased 
from 6 inches to 30 feet in some areas.  The material that zebra mussels remove from the water 
includes other organisms and algae that supply food for larval fish and other invertebrates, and 
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this change in food supply appears to have contributed to declines in populations of some native 
fauna (USGS 2007).     


 
Water clarity is usually low in the upper Bay (above 39ºN latitude).  The lower Bay 


generally has the clearest waters.  Water clarity is also low in most of the tributaries.  Recent Bay 
Program data show a trend toward decreasing water clarity in many tributaries, including the 
Patuxent, Potomac, York, James, and Choptank rivers, the smaller tributaries of the lower eastern 
shore of Maryland, Tangier Sound, and the mainstem of the Bay.  Only 7% of the Bay's waters 
had acceptable water clarity in 2006 relative to water clarity goals established by the CBP 
(http://www.chesapeakebay.net). 


 
3.4 RARE, THREATENED,  AND ENDANGERED SPECIES  


 
Species of plants and animals that have been designated as rare, threatened, or 


endangered (RTE) are protected under Federal and State regulations.  The Endangered Species 
Act (ESA) of 1973 (16 USC 1531-1543) regulates activities affecting plants and animals 
classified as endangered or threatened, as well as the designated critical habitat of such species.  
Federal agencies are required to provide for the conservation of threatened and endangered 
species and are prohibited from carrying out any action that would jeopardize a listed species or 
destroy or alter its critical habitat.  The ESA was reauthorized in 1988, and its provisions apply 
only to species listed in the Federal Register as endangered or threatened.  An “endangered 
species” is any species that is in danger of extinction throughout all or a significant portion of its 
range.  Threatened species are defined as species that are likely to become endangered within the 
foreseeable future throughout all or a significant portion of their ranges.  Actions affecting 
species proposed for listing require the same coordination with State and Federal agencies as 
actions affecting listed species.  FWS and NMFS are the Federal agencies responsible for ESA 
compliance.  Overall, FWS is responsible for terrestrial and freshwater species and migratory 
birds, and NMFS protects marine species and anadromous fish.  The Department of Agriculture, 
Animal and Plant Health Inspection Service, oversees listed terrestrial plants.  State regulations 
for the protection of sensitive species include the Maryland Nongame and Endangered Species 
Conservation Act of 1975, and the Virginia ESA.  Under Section 7(a) of the ESA, Federal 
agencies are required to consult with FWS and NMFS as well as resource agencies in all states 
within the potentially affected area to ensure that their actions are not likely to jeopardize the 
continued existence of designated endangered or threatened species or to adversely modify or 
destroy their critical habitats. 


 
The following agencies were contacted to fulfill Federal and State requirements to 


identify which RTE species in the Chesapeake Bay region may be affected by the proposed 
action and alternatives:  NOAA, NMFS; the United States Department of Interior (DOI), FWS; 
the Virginia Department of Conservation and Recreation (VDCR); and DNR.  Based on 
information provided by those agencies, 23 RTE species were identified as potentially affected 
within the project area because of ecological links with oysters similar to those described in 
Section 3.2 for the representative species.  Table 3-2 shows the 23 RTE species and lists their 
Federal and State status.  All 18 of the species with official Federal or State status are listed as 
indicated in the table; no species currently proposed for listing were identified as occurring in the 
project area.  Two listed RTE species, bald eagle and loggerhead sea turtle, were described in 
Section 3.2 as representatives of potentially affected components of the Bay ecosystem that were 
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selected as ecological receptors for the ERA (Appendix B).  The sections following Table 3-2 
describe potentially affected RTE species that were not described in Section 3.2.  Details about 
interactions between oysters and the RTE species, the likelihood that the species would be 
affected by the proposed action or alternatives, and the mechanisms of projected effects will be 
discussed in Section 4, Environmental Consequences. 


 
Table  3-2.  RTE species that may be present in the project area* 


Common Name Scientific Name 
Federal 
Status 


Maryland 
Status 


Virginia 
Status 


Sea Turtles  
Atlantic hawksbill turtle Eretmochelys imbricate E E E 
Loggerhead turtle Caretta caretta T T T 
Kemp's ridley turtle Lepidochelys kempii E E E 
Leatherback turtle Dermochelys coriacea E E E 
Green turtle Chelonia mydas T T T 


Fish  
Shortnose sturgeon Acipenser brevirostrum E E E 
Atlantic sturgeon Acipenser oxyrhynchus FSC R SSC 
Spotfin killifish Fundulus luciae  R  


Birds  
Bald eagle Haliaeetus leucocephalus  T T 
Peregrine falcon Falco peregrinus   T 
Wilson’s plover Charadrius wilsonia  E E 
Piping plover Charadrius melodus T E T 
Black skimmer Rynchops niger  T NHR 
Brown pelican Pelecanus occidentalis FSC HR  
Roseate tern Sterna dougallii E X E 
Gull-billed tern Sterna nilotica  E T 
Least tern Sterna antillarum  T SSC 
Caspian tern Sterna caspia   SSC 
Royal tern Sterna maxima  E NHR 
Sandwich tern Sterna sandvicensis  HR SSC 


Insects  
Puritan tiger beetle Cicindela puritana T E  
Northeastern beach tiger beetle Cicindela dorsalis dorsalis T E  


Plants   
Sensitive jointvetch Aeschynomene virginica T E  


* Includes VA Natural Heritage Resource (NHR) species, which are protected through management programs even 
though they do not have State-protected status, and species listed as rare or highly rare in MD; no regulations are 
associated with these categories of sensitive species.  


X: extirpated 
T: threatened 
E: endangered 
FSC: Federal species of concern 


SSC: State-designated special concern 
R: MD rare 
HR: MD highly rare 
NHR: VA Natural Heritage Resource species 
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3.4.1 Fish 
 


Shortnose sturgeon (Acipenser brevirostrum) – Adult sturgeon in estuarine waters feed 
primarily on small mollusks (Mya arenaria, Macoma balthica). Juvenile sturgeon forage on 
insect larvae (Hexagenia sp., Chaborus sp., and Chrionamus sp.) and small crustaceans 
(Gammarus sp., Asellus sp., Cyathura polita; NMFS 1998).  They reach lengths of up to 100 cm, 
are long-lived (15-20 years), mature late in life, and are highly fecund.  They are anadromous 
and migrate to freshwater to spawn during late winter and early summer.  Juveniles migrate to 
and from freshwater for several years, eventually remaining in estuarine waters and joining adult 
migration patterns (FWS 2004).  Shortnose sturgeon were once abundant in Chesapeake Bay; 
however, the population has declined significantly since the first published account of their 
presence in 1876 (NMFS 1998).  In 1996, eight shortnose sturgeon were captured in the upper 
Bay between Kent Island and the Chesapeake and Delaware Canal, and one in the Potomac 
River.  In 1997, nine shortnose sturgeon were captured in the upper Chesapeake Bay between 
Miller's Island and the mouth of the Susquehanna River.  In 2006, two female, egg-bearing 
shortnose sturgeon were found in the Potomac River (Blankenship 2007).  


 
Atlantic sturgeon (Acipenser oxyrhynchus) – The basic life history pattern of the Atlantic 


sturgeon is similar to that of the shortnose except for more wide-ranging marine movements of 
adults.  Both species are bottom feeders, but the Atlantic sturgeon is larger than the shortnose, 
reaching lengths of up to 200 cm.  Atlantic sturgeon begin their freshwater spawning migration 
later than shortnose; juveniles move to brackish waters for a few months before migrating to 
coastal waters.  Adults migrate extensively along the coast.  Juveniles may occur in the Bay and 
its tributaries (NMFS 2007).  A combination of overfishing and deterioration of habitat have 
caused the Atlantic sturgeon population in Chesapeake Bay to decline drastically.  In 1996, 3,000 
tagged, juvenile, hatchery-raised Atlantic sturgeon were released into Chesapeake Bay; 1,700 of 
these were subsequently recaptured, confirming their use of existing Bay habitats. The lack of 
clean hard substrate for the attachment of eggs, an important habitat requirement for the Atlantic 
sturgeon, limits the species’ use of Chesapeake Bay as a spawning habitat (Atlantic Sturgeon 
Status Review Team 2007). 


 
Spotfin killifish (Fundulus luciae) – The spotfin killifish inhabits salt marshes of the Bay, 


where it feeds on zooplankton and emergent insects (NANFA 2005). 
 


3.4.2 Birds 
 


Bald eagle (Haliaeetus leucocephalus) – see Section 3.2.11 for description. 
 
Peregrine falcon (Falco peregrinus) – This species is found in terrestrial inland, aquatic, 


and coastal areas. It nests almost exclusively on rocky cliffs of varying sizes (in mountainous 
areas or river gorges, usually associated with water) or on manmade structures such as 
unfinished bridge piers, bridges, or skyscrapers.  Migrant and wintering falcons are well known 
for frequenting coastal estuaries and intertidal mudflats, where they prey heavily on shorebirds 
and waterfowl (VAFWIS 2007).  Reintroduced peregrine falcons are now nesting on artificial 
structures throughout the Chesapeake Bay region.  
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Wilson’s plover (Charadrius wilsonia) – Wilson’s plover breeds along barrier islands but 
is an increasingly uncommon summer resident on the coast of Chesapeake Bay’s Eastern Shore, 
where it is observed less than annually now.  The species is an abundant breeder elsewhere in its 
range, but is not a common breeder anywhere on the United States Atlantic coast. Its diet 
consists mainly of crustaceans, including small marine insects, minute shellfish, and a few 
mollusks and flies (VAFWIS 2007). 


 
Piping plover (Charadrius melodus) – Piping plover habitat includes sandy beaches and 


associated intertidal areas within the Bay, where it feeds on invertebrates.  It nests above the 
high-tide line on beaches, sand flats, barrier islands, foredunes, and blowout areas behind 
primary dunes.  Loss of habitat along with increased recreational use of beaches has led to a 
continuing decline in the breeding populations in coastal states (FWS 2004). 


 
Black skimmer (Rynchops niger) – This species is a  transient summer resident along the 


Atlantic coast and in the lower Chesapeake Bay, where it requires undisturbed beach habitat for 
nesting colonies and open water for foraging.  In Virginia, this species’ diet is nearly 100% fish, 
of which more than 90% were reported to be silversides (Menidia spp.) and killifishes (Fundulus 
spp.; VAFWIS 2005). 


 
Brown pelican (Pelecanus occidentallis) – This species was added to the Federal list of 


endangered species in 1970 as a result of reproductive failure attributed to ingestion of pesticide 
residues (i.e., DDT and PCBs).  The brown pelican was removed from the Federal endangered 
list for the Atlantic coast and Florida in February of 1995 due to population recovery following 
the DDT ban; nevertheless, it is considered a State Special Concern (SSC) species in Virginia 
because of limited nesting and restricted nesting habitat.  Brown pelicans typically feed in 
shallow estuarine and coastal waters on crustaceans, menhaden, mullet, sardines, and pinfish.  
They nest on offshore islands that are free from human disturbance. Populations of brown 
pelican are growing, largely due to bans on DDT and related contaminants (VAFWIS 2005). 


 
Roseate tern (Sterna dougallii) – This species is a rare transient on the east coast, and 


populations are concentrated in a few sites. Nesting is observed on high beaches amongst 
vegetation.  The roseate tern is prey for owls, marsh hawks, and crows. Roseate terns typically 
feed on fish and occasionally mollusks (VAFWIS 2005). 


 
Gull-billed tern (Sterna nilotica) – Typical habitat includes salt marshes and beach dunes 


with recent trends toward nesting on barrier islands near ocean inlets. The tern arrives in the 
Chesapeake Bay area during the early spring and migrates in the winter as far south as northern 
South America.  Gull-billed terns are vulnerable to predation by raccoons, coyotes, skunks, fox, 
gulls, egrets, herons, and falcons.  They feed almost exclusively on insects (VAFWIS 2005).  


 
Least tern (Sterna antillarum) – The population of terns was threatened by hunters in the 


past and is in decline due to habitat loss.  Coastal nesting is observed on islands, sand spits, 
peninsulas, beaches, and sandbars.  Typical diet includes small crustaceans (VAFWIS 2005). 


 
Caspian tern (Sterna caspia) – This species is listed as a special concern in Virginia due 


to the small size of the existing breeding population and increasing recreational and development 
activities on the barrier islands.  Caspian terns nest in large colonies on sandy or pebbly beaches 
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and islets.  They are common as transients on barrier islands.  Typical diet includes mullet, 
menhaden, and suckers (VAFWIS 2005). 


 
Royal tern (Sterna maxima) – Royal terns nest in dense colonies on undisturbed sandy 


beaches.  The species’ diet is composed primarily of fish smaller than 4 inches long (VAFWIS 
2005). 


 
Sandwich tern (Sterna sandvicensis) – Nests have been found only on barrier islands of 


the Eastern Shore.  Post-breeding birds are uncommon to fairly common visitors to the lower 
Chesapeake Bay in Virginia.  Numbers of breeding pairs have increased in Virginia in recent 
years.  Nesting occurs on low-lying islands that are devoid of vegetation.  The species’ diet is 
composed of small fish, shrimp, worms, and squid (VAFWIS 2005). 
 


3.4.3 Reptiles 
 


Atlantic hawksbill turtle (Eretmochelys imbricate) – Hawksbills use different habitats 
depending on life stage; post-hatchlings are pelagic but reenter the coastal zone when they reach 
20 to 25 cm.  Coral reefs are their main habitat.  Hawksbills range along the eastern seaboard, 
including the lower Bay, but sightings north of Florida are rare (NMFS 2005). 


 
Loggerhead turtle (Caretta caretta) – See Section 3.2.9 for description. 
 
Kemp’s ridley turtle (Lepidochelys kempii) – Fishermen of Chesapeake Bay often refer to 


this turtle, the smallest of the Bay’s sea turtles, as the green fin turtle.  In Chesapeake Bay, they 
are found during May through November in shallow, near-shore sea grass beds, especially where 
their preferred food, blue crabs, are found.  They also prey on clams, snails, and occasionally 
marine plants.  The Bay is a major developmental habitat for immature ridleys; no other location 
in the world harbors as many individuals in this size class each summer.  The Kemp’s ridley 
turtle is the world’s most endangered sea turtle.  Declines in its numbers have been attributed to 
environmental contaminants, pollution, shore-line modification/development, oil spills, 
commercial exploitation, poaching, incidental capturing/killing, and subsistence hunting, fishing 
and trapping (VAFWIS 2007). 


 
Green turtle (Chelonia mydas) – When not migrating, green turtles prefer sea grass flats, 


which occur in shallow areas of Chesapeake Bay.  Their nesting beaches are distributed widely 
in tropical and subtropical regions.  The green turtle has the unique ability among marine turtles 
to digest plant material.  Juvenile green turtles are primarily carnivorous, and mature specimens 
eat marine animals, particularly cniderians, mollusks, crustaceans, sponges, and jellyfish, along 
with vascular sea grass.  Stomach contents of individuals stranded in Virginia included both 
eelgrass and macroalgae, especially the sea lettuce Ulva.  The green turtle is listed as endangered 
in Florida. 


 
Leatherback turtle (Dermochelys coriacea) – This species, the largest marine turtle, is 


sometimes called the leathery turtle, and fishermen in Chesapeake Bay often refer to it as the 
rubberback turtle.  Breeding is not likely to occur in Chesapeake Bay.  The leatherback is the 
most pelagic of the sea turtles, coming to shore only to nest and occasionally to feed. 
Leatherback turtles feed on soft-bodied pelagic invertebrates, primarily the moon jellyfish. 
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3.4.4 Insects 
 
Puritan tiger beetle (Cicindela puritana) – Habitat for this species includes bay shore-


lines with sandy beaches below high bluffs.  The larvae are considered especially sensitive to 
natural and man-made disturbances of the beaches and bluffs they occupy (USFWS 1993). 
Larvae might be affected by new or expanded aquaculture operations if such operations involve 
disturbing the beaches they occupy. 


 
Northeastern beach tiger beetle (Cicindela dorsalis dorsalis) – The northeastern beach 


tiger beetle inhabits sandy bay beaches.  Larvae inhabit vertical borrows in the intertidal zone, 
where they are sensitive to natural and man-made disturbances of the beach (USFWS 1994).  
Larvae might be affected by new or expanded aquaculture operations if such operations involve 
disturbing the beaches they occupy. 
 


3.4.5 Plants  
 
Sensitive jointvetch (Aeschynomene virginica) – Sensitive jointvetch is an annual species 


of intertidal marsh plant that occurs in the freshwater tidal sections of river systems in the Bay, 
mainly in Virginia (USFWS 1995). 
 


3.5 ESSENTIAL FISH HABITAT  
 


The Magnuson-Stevens Fishery Conservation and Management Act (MSFCMA), 1996 
revision, defines essential fish habitat (EFH) as “those waters and substrate necessary to fish for 
spawning, breeding, feeding or growth to maturity.”  The MSFCMA applies only to Federally-
managed species.  Under the MSFCMA, fishery management plans must identify and describe 
EFH for the fishery and minimize adverse effects on the fishery to the extent practical (NMFS 
2005).  The MSFCMA also defines associated habitat areas of particular concern (HAPC).  This 
designation denotes EFH that is particularly important to the long-term productivity of the 
species, is particularly vulnerable to degradation, or both.  The intent of the designation is to 
focus greater attention on conservation efforts.  The six summary EFH designations specific to 
major portions of Chesapeake Bay in Maryland are as follows:  Chesapeake Bay Mainstem; 
Chester River; Choptank River; Patuxent River; Potomac River; and, Tangier/Pocomoke Sound.  
The four summary EFH designations specific to major portions of Chesapeake Bay in Virginia 
are Chesapeake Bay Mainstem, James River, Rappahannock River, and York River.  In addition, 
there are summary designations for a number of discreet areas of the lower Bay in Virginia not 
covered by the other geographical listings (http://www .nero.noaa.gov/hcd/est.htm).   


 
Twenty-one federally-managed species have designated EFH within Chesapeake Bay.  


Table 3-3 provides a summary of EFH for those species.  In order to relate EFH to the ERA 
approach used to support this PEIS, the table also indicates which ecosystem component(s) 
described in Section 3.2 most closely relates to each species or its EFH.  The mechanism by 
which the proposed action or the alternatives might affect the EFH for these species would be the 
same as is described in the relevant subsections of Section 3.2.  Because the 
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Table  3-3.  Summary of EFH within Chesapeake Bay for 21 Federally managed species. 


 
Species 


 
Life 


Stage* 
 


Description of EFH Description of HAPC 
Ecosystem Component 


(Section 3.2.x) 


Atlantic herring (Clupea harengus) A 
Pelagic and bottom habitats in the lower portions of the Chesapeake Bay 
and Eastern Shore of Virginia.  None Planktivorous fish (3.2.6) 


Red hake (Urophycis chuss) 
 


J, A 


Juveniles: Substrates of shell fragments and live scallop beds in the 
lower Chesapeake Bay and Eastern Shore of Virginia. 
Adults: Bottom habitats of sand and mud.   None Reef-oriented fish (3.2.7) 


Windowpane flounder (Scophthalmus 
aquosus) J,A 


Juveniles & Adults: Bottom habitats of mud or fine-grained sand in 
most of the tidal Chesapeake Bay None 


Soft-bottom Benthos  
(3.2.1) 


Winter flounder (Pleuronectes 
americanus) J,A 


Juveniles & Adults: Bottom habitats of mud, sand, and gravel in the 
coastal bays only. None 


Soft-bottom Benthos 
(3.2.1) 


Summer flounder (Paralichthys 
dentatus) L,J,A 


Larvae: Tidal creeks and mouths.   
Juveniles: Lower estuaries in flats, channels, salt marsh creeks, and 
eelgrass beds. 
Adults: Estuary waters during the warmer months.   


Juveniles and adults limited to native 
macroalgae, SAV, and fresh and tidal 
macrophytes in beds of any size 
within their EFH.  


Soft-bottom Benthos 
(3.2.1)  
SAV (3.2.2) 


Bluefish (Pomatomus saltatrix) J,A 


Juveniles: Estuaries used as nursery areas; seasonal in the Chesapeake 
Bay from May to October 
Adults: Estuaries from April to October  
Juveniles and adults are pelagic   None Piscivorous fish (3.2.8) 


Black sea bass (Centropristis striata) J,A 


Juveniles: Rough bottom, shellfish and eelgrass beds, and artificial 
structures on sandy and shell bottoms in estuaries, salt marsh edges, and 
channels during spring and summer.   
Adults: Natural and artificial structured habitats, and sand and shell 
substrates in estuaries from May to October.   None Reef-oriented fish (3.2.7) 


Atlantic Butterfish (Peprilus 
tricanthus) E, L,J,A 


Estuaries for eggs in spring and summer, larvae from summer through 
fall, juveniles from spring to fall, adults from summer to fall.  All life 
stages are pelagic. None Planktivorous fish (3.2.6) 


Scup, porgy (Stenotomus chryops) J,A 


Juveniles:  Bottom habitats of sand, mud, and mussel and eelgrass beds 
in estuaries during spring and summer.   
Adults: Inshore estuaries on various bottom substrates.  None 


SAV (3.2.2) 
Reef-oriented fish (3.2.7) 


Red drum (Sciaenops ocellatus) L,J,A 


Larvae: Estuarine wetlands such as flooded salt marshes, brackish 
marshes, tidal creeks, and SAV beds. Juveniles: Shallow backwaters of 
estuaries, which are used as nursery areas until the fish migrate to the 
deeper waters of the estuaries, river mouths, and oyster bars; found 
throughout the Chesapeake Bay from September to November.  
Adults: Shallow bay bottoms, oyster reef substrate or artificial reefs 
within coastal inlets, shoals and capes of the Chesapeake Bay and 
Eastern Shore of Virginia during the spring and fall.   


Coastal inlets, barrier islands, and 
State-designated habitats where SAV 
is critical.  


SAV (3.2.2)  
Reef-oriented fish (3.2.7) 


Cobia (Rachycentron canadum)** E,L,J,A High-salinity bays, estuaries, seagrass beds, and coastal inlets. None Piscivorous fish (3.2.8) 
King mackerel (Scomberomorus 
cavella)** E,L,J,A Coastal inlets  None Piscivorous fish (3.2.8) 
Spanish mackerel (Scomberomorus 
maculates)** E,L,J,A Coastal inlets  None Piscivorous fish (3.2.8) 
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Table 3-3.  (Continued) 
 


Species 
Life 


Stage* 
 


Description of EFH Description of HAPC 
Ecosystem Component 


(Section 3.2.x) 


Dusky shark (Charcharinus 
obscurus)** L, J 


Neonate/Early Juvenile: Shallow coastal waters, estuaries, and inlets to 
25 m deep during April to July 
 
Late Juvenile/Sub-adult: Exposed nearshore water of Virginia and rarely 
enter the estuaries as a summer secondary nursery area. In areas from 20 
to 200 m deep. 
 
Adult: Pelagic waters offshore Virginia/North Carolina border to the 
200m isobath None Piscivorous fish (3.2.8) 


Sandbar shark (Charcharinus 
plumbeus)** L, J, A 


Neonate/Early Juvenile: Nursery areas in the shallow, coastal waters of 
Chesapeake Bay during March to July where salinity is greater than 
22 ppt and temperatures greater than 70ºF 
 
Late Juveniles/Sub-Adults: Shallow, coastal waters from the coast to the 
80-feet isobath. Summer secondary nursery area from May to October 
in the lower Chesapeake Bay, VA, and the tidal creeks and lagoons 
along Virginia’s eastern shore. 
 
Adults: Shallow, coastal waters from the coast to the 165-feet isobath 


Important nursery and pupping 
grounds have been identified in 
shallow areas and the mouths of 
tributaries in lower Chesapeake Bay Piscivorous fish (3.2.8) 


Sand tiger shark (Odontaspis 
taurus)** L, A 


Neonate/Early Juvenile: Estuaries of the Mid-Atlantic bight  and coastal 
sounds of Chesapeake Bay in March and April 
 
Adults: Found worldwide in shallow coastal waters None Piscivorous fish (3.2.8) 


Atlantic sharpnose shark 
(Rhizopriondon terraenovae)** A Adult: Summer migrant into Virginia coastal waters None Piscivorous fish (3.2.8) 
Scalloped hammerhead shark 
(Sphyrna lewini)** J 


Juveniles: All shallow coastal waters of the U.S. Atlantic seaboard from 
the ocean shoreline to the 200m isobath from 39 º N and south None Piscivorous fish (3.2.8) 


Clearnose skate (Raja eglanteria) J, A 


Juvenile/Adult: Appear in Chesapeake Bay between April and 
December with peak abundance between May and August; most 
abundant near the Bay mouth during spring and summer; rarely appear 
in tributaries. Can be found in Chincoteague Bay (VA), and Sinepuxent 
Bay (MD) from May to November. Prefer habitats with soft bottom, 
rocky, or gravelly substrates in 7-15m of water, and salinities greater 
than 22 ppt. None 


Soft-bottom Benthos 
(3.2.1) 


Little skate (Leucoraja erinacea) J, A 


Juvenile/Adult: In lower Chesapeake Bay in December and in March 
and around the Bay mouth in high-salinity waters during April and May.  
Prefers sandy, gravelly, or muddy substrates None 


Soft-bottom Benthos 
(3.2.1) 


Winter skate (Leucoraja ocellata) J, A 
Juvenile/Adult: Found in Chesapeake Bay from December to April. 
Prefers habitats with a substrate of sand and gravel or sometimes mud None 


Soft-bottom Benthos 
(3.2.1) 


* Life stages: E = egg, L = larvae, J = juvenile, A = adult 
** These coastal migratory pelagic species move through different habitats in open water based on their life-cycle requirements but also have EFH within Chesapeake Bay. 
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proposed action and alternatives would result in ecosystem changes in nearly all portions of the 
Bay (Figure 3-1), all of the species in Table 3-3 could be affected.   


 
Portions of the lower Bay totaling approximately 89,000 acres of open water have been 


designated as HAPC for the sandbar shark (Charcharinus plumbeus). The sandbar shark uses the 
lower Chesapeake Bay as a “pupping ground.”  Female sandbar sharks move into the lower Bay 
during the summer (Springer 1960).  They typically bear 8 to 12 live young and depart the Bay 
shortly thereafter, apparently without feeding.  The young average approximately 24 inches at 
birth.  They remain in the Bay until the onset of winter, feeding on a variety of fish and 
crustaceans. Blue crabs are a particularly important food item (Medved and Marshall 1981).  In 
winter, the young migrate to warmer waters off the coast and southward.  They may return to 
estuary mouths and costal bays in the mid-Atlantic region the next year in late spring.  Other 
HAPC that may occur in the Bay has been defined for summer flounder (Paralichthys dentatus) 
and red drum (Sciaenops ocellatus). 


 
The follow sections describe the EFH-designated species that occur within the Bay.  


Planktivorous species are described in Section 3.5.1. Piscivorous species are described in Section 
3.5.2. Reef-oriented species are described in Section 3.5.3, and skates and flounders are 
described in Section 3.5.4.  The primary source for each description is cited once near the end of 
the description. 


 
3.5.1 Planktivorous Species 


 
 Atlantic herring (Clupea harengus): Adults – Atlantic herring is a schooling, coastal 
pelagic species that ranges from Labrador, Canada, to Cape Hatteras.  Adults are highly 
migratory, making extensive feeding, spawning, and overwintering migrations.  During the 
spring, adults migrate north to the Gulf of Maine, Georges Bank, and Nantucket Shoals, where 
they spawn.  After spawning, adults migrate south into southern New England and mid-Atlantic 
shelf waters, where they winter (Reid et al. 1999). Adult Atlantic herring may occupy deeper 
waters in the Bay as they winter along the mid-Atlantic shelf.   
 
 Atlantic butterfish (Pehrilus tricanthus): All Stages – Butterfish are fast-growing, short-
lived, pelagic fish that range from Newfoundland to Florida and are most abundant from the Gulf 
of Maine to Cape Hatteras.  Butterfish form loose schools, often near the water surface.  
Butterfish winter near the edge of the continental shelf in the Mid-Atlantic Bight and migrate 
inshore in the spring. In the summer, butterfish can be found from sheltered bays and estuaries 
out to about 200 meters offshore along the entire mid-Atlantic shelf.  During the late fall months, 
butterfish move offshore and south due to falling water temperatures.  Eggs and larvae are 
commonly found in high-salinity zones of bays and estuaries from Massachusetts to New York 
and in the Chesapeake Bay.  Eggs and larvae and are found in surface waters from the 
continental shelf into estuaries and bays to about 60 meters deep in shelf waters.  Eggs survive in 
water temperatures between 12ºC and 23ºC and are found during the spring and summer.  Larvae 
prefer water temperatures between 4ºC and 28ºC and are found during summer and fall. Juvenile 
and adult butterfish can tolerate a wide range of salinities (3 to 37 ppt) and temperatures (4ºC to 
30ºC).  Survival is inhibited below 10ºC, and spawning will not occur when water temperatures 
drop below 15ºC.  Butterfish are frequently found over sand, mud, and mixed substrates. Adults 
spawn in the continental shelf, inshore areas, and in bays and estuaries.  Butterfish feed mainly 
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on planktonic prey including, mollusks (primarily squids), crustaceans (copepods, amphipods, 
and decapods), coelenterates (primarily hydrozoans), polychaetes (primarily Tomopteridae and 
Goniadidae), small fishes, and ctenophores (Cross et al. 1999).  All stages of the Atlantic 
butterfish can be expected to occur in Chesapeake Bay. 
 


3.5.2 Piscivorous Species  
 
 Bluefish (Pomatomus salatrix): Juveniles and Adults – Bluefish range from Nova 
Scotia and Bermuda to Argentina but are rare between southern Florida and northern South 
America (Robins et al. 1986). They travel in schools of like-size individuals and undertake 
seasonal migrations.  Bluefish spawn in open waters near the edge of the continental shelf.  
Juvenile bluefish move inshore in early to mid-June, when temperatures reach approximately 
20ºC.  Juveniles use a variety of habitats in estuaries, bays, and the coastal ocean of the Mid-
Atlantic Bight and South-Atlantic Bight but are not found in marshes.  During the day, they are 
usually found near shorelines or in tidal creeks; at night, they move to open bay or channel 
waters.  They prefer sandy substrates but can also be found over silt and clay bottoms. They are 
usually found in salinities of 23 to 33 ppt but can tolerate salinities as low as 3 ppt.  Juvenile 
bluefish are active swimmers, feeding on small forage fish found in nearshore habitats.  Juveniles 
remain inshore in waters up to 30ºC until their fall migration to the continental shelf when water 
temperatures cool to 15ºC. In Chesapeake Bay, most bluefish are found where DO levels are 
between 6 and 9 mg/l.  Adult bluefish occur in the open ocean, large embayments, and estuaries.  
They occur in a wide range of conditions but prefer warmer waters (at least 14ºC to 16ºC) and 
high salinities.  Adults are found at much deeper depths than juveniles, ranging from 1 to 400 m 
(Shepherd and Packer 2005).  Juvenile bluefish can be expected to be present throughout the 
Bay.  Adults could be found in deep portions of the Bay. 
 


Cobia (Rachycentron canadum): All Stages – Cobia are pelagic, warm water fish that 
prefer water temperatures between 20°C and 30°C.  They spend their winters near the Florida 
Keys and migrate north during spring and summer to spawn in the mid-Atlantic region.  
Spawning occurs between mid-June and mid-August in estuarine and offshore areas, including 
near the mouth of the Chesapeake Bay.  Eggs and larvae are generally not found in lower 
salinities of estuaries.  Juveniles and adults are occasionally present in deeper waters of 
Chesapeake Bay during the summer but are rarely found as far north as Massachusetts.  In 
Chesapeake Bay, sports fishermen catch cobia as far north as the mouth of the Potomac River 
(Richards 1967; National Audubon Society 1983; CBP 2008).  Juvenile and adult cobia may be 
present in the Bay, particularly during the summer.   
 


King mackerel (Scomberomorus cavella): All Stages – King mackerel are highly 
migratory, epipelagic fish that migrate from Florida as far north as the Gulf of Maine during 
summer and fall.  Temperature and salinity appear to be the most important factors in their 
distributions, and all stages prefer salinities between 32 and 36 ppt.  King mackerel spawn in 
coastal waters of the Gulf of Mexico and the along the southern Atlantic coast.  Larvae are found 
near or off the continental shelf, near the Gulf Stream, in waters with temperatures between 22 to 
28°C (Godcharles and Murphy 1986; Collette and Nauen 1983). Adult king mackerel may pass 
through Chesapeake Bay to feed during their annual northward migration and when they return 
south in the fall.  Early life stages are not expected to occur in the Bay. 
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 Spanish mackerel (Scomberomorus maculates): All Stages – Spanish mackerel are 
highly migratory, epipelagic fish that migrate from Florida as far north as the Gulf of Maine 
during summer and fall.  The northernmost part of their range is near Block Island, Rhode Island.  
Temperature and salinity appear to be the most important factors in their distributions, and all 
stages prefer salinities between 32 and 36 ppt.  This species usually avoids freshwater or low-
salinity areas near the mouths of rivers.  Spanish mackerel prefer water temperatures between 
21°C and 27°C and are rarely found in waters cooler than 18°C.  Spanish mackerel typically 
spawn at night when water temperatures drop below 26°C.  During mid-June, Spanish mackerel 
can be observed spawning in the lower part of Chesapeake Bay.  Larvae have been found in 
waters from 30 to 300 feet deep.  Some juvenile Spanish mackerel use estuaries as nursery 
grounds, but most juveniles remain in nearshore, open-beach waters (Godcharles and Murphy 
1986; Collette and Nauen 1983). Adults may pass through the Bay to feed during their annual 
northward migration and when they return south in the fall.  Early life stages are not expected to 
occur in the Bay. 
 
 Dusky shark (Charcharinus obscurus): Larvae and Juveniles – The dusky shark is a 
coastal-pelagic, migratory shark found in the continental insular shelves and oceanic waters from 
Nova Scotia to Cuba.  Dusky shark is warm-temperate, tropical species that does not frequent 
areas with reduced salinities and tends to avoid estuaries.  It is most often found along 
continental coastlines, where it ranges from shallow inshore waters to the outer continental shelf 
and adjacent oceanic waters up to 1,310 feet deep. This species is highly migratory, moving 
north during the summer and south in the winter.  Dusky sharks are viviparous, with a yolk-sac 
placenta.  Mating occurs in the spring, after which female dusky sharks move inshore to give 
birth to their young, departing the nursery area shortly thereafter.  Prime nursery areas are 
estuaries and bays from New Jersey to Cape Hatteras.  Early juvenile life stages are found 
primarily in shallow coastal waters, inlets, and estuaries from the eastern end of Long Island, 
New York, south to West Palm Beach, Florida, in waters up to 100 m deep (Compagno 1984; 
USDOC 1999).  Females move to nearshore water to spawn; therefore, neonates and juveniles 
are expected to occur in Chesapeake Bay.   
 


Sandbar shark (Charcharinus plumbeus): Larvae, Juveniles, and Adults – Sandbar 
shark is an abundant, coastal-pelagic species that occurs inshore and offshore in temperate and 
tropical waters.  Sandbar sharks are found on continental and insular shelves and are common at 
bay mouths, in harbors, inside shallow muddy or sandy bays, and at river mouths.  Sandbar 
sharks tend to avoid sandy beaches and the surf zone.  They are bottom dwelling and are most 
common in 20 to 55 m of water but are occasionally found at depths of about 200 m.  Sand bar 
sharks migrate north and south along the Atlantic coast, as far north as Massachusetts in the 
summer.  Sandbar sharks mate in the spring or early summer (May through June).  Females are 
viviparous, and pups are born in shallow bays and estuaries from Great Bay, New Jersey, to 
Cape Canaveral, Florida, (especially in Delaware and Chesapeake bays) from June through 
August.  The young inhabit shallow coastal nursery grounds until late fall and move southward 
and further offshore in winter months, returning to nursery ground during the summer months.  
This movement between shallow coastal waters and warmer, deeper waters may occur for up to 
five years.  Neonates and juveniles require salinity levels greater than 22 ppt and water 
temperatures greater than 21°C. Late juveniles and adults occupy coastal waters as far north as 
southern New England and Long Island (Compagno 1984; USDOC 1999).  Chesapeake Bay is a 
known nursery ground for this species; therefore, neonates and juveniles are likely to occur there. 
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Sand tiger shark (Odontaspis taurus): Larvae and Adults – The sand tiger shark is a 
large, coastal species found in tropical and warm temperate waters from Maine to Brazil. It 
moves inshore to offshore and from littoral areas to deep water.  It is often found in very shallow 
water (less than 4 meters deep) but can also be found in waters as deep as 5,250 feet.  Sand tiger 
sharks are occasionally seen along the tide line near beaches or entering mouths of rivers.  They 
are also found in shallow bays and around coral reefs.  Sand tiger sharks have been observed 
hovering motionless just above the seabed in or near deep, sandy-bottom gutters or rocky caves, 
usually near inshore rocky reefs and islands. Sand tiger sharks congregate in coastal areas in 
large numbers during the mating season.  They give birth in March and April, and after birth, 
neonates migrate northward in the summer to estuarine nursery areas.  These nursery areas 
include Mid-Atlantic Bight estuaries including Chesapeake, Delaware, Sandy Hook, and 
Narragansett bays, as well as coastal sounds (Compagno 2002).  The Chesapeake Bay is a 
primary estuarine nursery area for this species, so both neonates and adult sand tiger sharks can 
be expected in the area. 
 
 Atlantic sharpnose shark (Rhizopriondon terraenovae): Adults – The Atlantic sharp-
nose shark is a small, coastal species that inhabits the waters of the northeastern coast of North 
America.  These sharks are common, year-round residents of the South Atlantic Bight and are 
found in schools of uniform size and sex.  Adults prefer temperatures between 20°C and 30°C 
and salinities between 21 and 35 ppt (USDOC 1999). Adult Atlantic sharpnose sharks can be 
expected to occupy the Bay.   
 


Scalloped hammerhead shark (Sphyrna lewini): Juveniles – The scalloped hammerhead 
shark is a very common, large, schooling species that is most often found in warm waters along 
the Atlantic coast.  This species has been found in coastal regions, including shallow waters such 
as estuaries and inlets.  It migrates seasonally north-south along the eastern United States.  This 
species occupies surface waters as well as waters as deep as 900 feet.  Early juveniles are 
typically associated with shallow coastal waters of the South Atlantic Bight, and late juveniles 
are typically associated with shallow coastal waters along the Atlantic coast from the shoreline to 
depths of 600 feet.  Juveniles are known to avoid areas of construction (USDOC 1999). Juvenile 
scalloped hammerhead shark can be expected to occur in the Bay. 
 


3.5.3 Reef-Oriented Species 
 
 Red hake (Urophycis chuss):  Juveniles and Adults – Red hake is a demersal species 
that ranges from southern Newfoundland to North Carolina.  Red hake make seasonal migrations 
to follow preferred temperature ranges.  During warmer months, they are found at depths less 
than 100 m, but during colder months they prefer depths greater than 100 m.  Juvenile red hake 
prefer habitats with shelter or structure and are often associated with scallops, surf clams, and 
seabed depressions.  Juveniles prefer depths from the low tide line to less than 395 feet and 
temperatures between 2°C and 22°C.  Adults are common on soft sediments, including 
depressions or shell beds, and are not usually found on open sandy bottom.  Adults are also 
found in the water column.  Adults prefer depths between 100 and 425 feet and temperatures 
similar to juveniles.  Red hake spawn offshore in the Mid-Atlantic Bight in the summer, 
primarily in southern New England (Steimle et al. 1999a).  Juveniles, in particular, tend to 
associate with structures, including reefs and shellfish and, therefore, are expected to be present 
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in the Bay and to be affected by the proposed action and all alternatives except Alternative 1 (No 
Action). 
 
 Black sea bass (Centropristis striata):  Juveniles and Adults – Black sea bass is a warm, 
temperate species that ranges from Nova Scotia to Florida and the Gulf of Mexico.  Black sea 
bass are typically found on the continental shelf associated with structures such as reefs and 
shipwrecks, but young-of-the-year fish also occur in estuaries.  During the fall, juvenile black sea 
bass migrate from nearshore summer habitats to overwintering habitats on the outer continental 
shelf.  During warm winters, juveniles may also overwinter in the deeper waters of the lower 
Chesapeake Bay (MAFMC 1996; CBP 1996).  Juveniles are most abundant in higher salinities, 
including polyhaline regions of estuaries and the ocean, but can occur at salinities as low as 
8 ppt.  Adult black sea bass use rocky reefs, cobble and rock fields, stone coral patches, exposed 
still clay, and mussel beds as habitat.  Adults remain near complex structures during the day but 
may move to nearby soft-bottom habitats for feeding in the early morning or evening.  Adults 
show strong habitat fidelity.  In the summer, adults are located on the nearshore continental shelf 
where water depth is less than 60 meters.  Adults can also be found in lower reaches of large, 
shallow (approximately 5 meters) estuaries.  In the fall in the Mid-Atlantic Bight, adults migrate 
from nearshore continental shelf habitats to outershelf overwintering areas as bottom water 
temperatures approach 7ºC.  In April, as waters warm to greater than 7ºC, adults return inshore.  
Sea bass in more southern areas appear to be non-migratory and stay at specific reefs throughout 
the year.  Adult black sea bass are vulnerable to low DO levels (Drohan et al. 2007). Black sea 
bass are expected to be found in the Bay associated with three-dimensional structures, including 
reefs.  
 


Scup, porgy (Stenotomus chryops):  Juveniles and Adults – Scup are temperate fish 
distributed primarily from Massachusetts to South Carolina. During the summer, scup from the 
Mid-Atlantic Bight population are found in larger estuaries and coastal waters in open and 
structured habitats.  During the winter, scup occur along the outer continental shelf to depths of 
about 200 m.  Spawning occurs along the inner continental shelf off southern New England from 
May through August. Eggs and larvae are pelagic, but adults are mainly demersal.  Neither 
juveniles nor adults tolerate low salinities (less than 15 ppt). During warmer months, juvenile 
scup inhabit inshore coastal and estuarine areas, including sand, mud, mussel beds, and eelgrass 
beds, but are not found directly along the shoreline.  They move offshore during the winter. 
Adults use similar habitats as juveniles, including soft, sandy bottoms, on or near structures such 
as mussel beds, reefs, or rough bottom.  Adults are common in the Mid-Atlantic Bight from 
spring to fall and are often found in size-structured schools.  Like juveniles, once water 
temperatures fall below 7.5ºC to 10ºC in the fall, adults move to warmer, deeper waters where 
salinities are greater than 30 ppt (Steimle et al. 1999b). Both juvenile and adult scup are expected 
to occur in sandy-bottom areas, and sandy shoals within the Bay during spring and summer 
months.   
 


Red drum (Sciaenops ocellatus):  Larvae, Juveniles and Adults – Red drum are 
estuarine-dependent fish distributed along the Atlantic Coast and the Gulf of Mexico.  In the 
mid- and south Atlantic, red drum spawn from mid-August through late September in nearshore 
waters adjacent to channels and patches.  Salinity affects the success of spawning.  It has been 
suggested that eggs and larvae are transported by deep subsurface currents of high-density water 
in the Chesapeake Bay.  Larvae are found in vegetated and unvegetated bottoms in estuaries, and 
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are affected by temperature as they develop.  At water temperatures below 20°C, larvae may not 
be able to make the transition to active feeding.  Juveniles and adults are euryhaline and 
eurythermal.  Juveniles have been found at salinities from 0 to 50 ppt and at water temperatures 
of 13 to 28°C.  Young-of-the-year juveniles live in protected waters where there is little wave 
action.  After their first year, they move into deeper bays and marine littoral areas in fall and 
winter and then return to the estuary in the spring.  Adults are most abundant at salinities of 30 to 
35 ppt.  Adults have been found in water temperatures between 2°C and 33°C (Buckley 1984). 
Larvae, juveniles, and adults could be present throughout the Bay, particularly in or around 
coastal inlets.   
 


3.5.4 Skates and Flounders 
 
 Clearnose skate (Raja eglanteria): Juveniles and Adults – Clearnose skates can be 
found from the Nova Scotian shelf to Florida and in the northern Gulf of Mexico.  They have 
been captured from shore depths in the northern part of their range to 329 meters, but are most 
abundant at depths less than 111 meters.  They are found over a temperature range of 9°C to 
30°C.  In general, clearnose skates spend the spring and early summer months inshore along the 
continental shelf, and move offshore and south during fall and early winter months when water 
temperatures cool.  Clearnose skates prefer soft bottoms along the continental shelf and are also 
found along rocky and gravelly bottoms. Both juveniles and adults prefer salinities greater than 
20 ppt, although some have been found in areas with salinities as low as 15 ppt.  Clearnose 
skates have been found throughout Chesapeake Bay from April to December and are most 
abundant near the mouth of the Bay during spring and summer.  In the Chesapeake Bight, 
clearnose skates were found to be more abundant in shallow water during spring and summer 
than during fall and winter (Packer et al. 2003a).  Juveniles and adults could occur in the Bay, 
particularly during the summer months.  
 
 Little skate (Leucoraja erinacea):  Juveniles and Adults – Little skates are demersal fish 
distributed from Nova Scotia to Cape Hatteras but concentrated in the northern section of the 
Mid-Atlantic Bight and on Georges Bank.  Little skates do not make extensive migrations, but 
those that live inshore move onshore and offshore with seasonal temperature changes.  In the 
southern fringe of their range, little skates move north and south with seasonal temperature 
changes.  Juveniles and adults may move from estuaries to deeper waters during warmer months.  
Both juveniles and adults prefer sandy or gravelly bottoms but can also be found on muddy 
substrates.  Skates often remain buried in depressions during the day and are more active at 
night.  Overall, their temperature range is 1°C to 21°C, but most are found between 2°C and 
15°C.  Juveniles and adults are found in depths from 1 to 400 meters, but most are between 5 and 
20 meters. In Delaware Bay, little skates were collected at salinities as low as 15 to 20 ppt, but 
their preferred salinities are in the range of 31 to 34 ppt.  Little skates have been found in the 
lower part of Chesapeake Bay in high-salinity waters. They are generally absent from the 
Chesapeake Bight during the summer months (Packer et al. 2003b). Juveniles and adults could 
occur in the Bay, particularly during the spring and fall months.   
 


Winter skate (Leucoraja ocellata):  Juveniles and Adults – The winter skate is 
distributed from the south coast of Newfoundland and the southern Gulf of St. Lawrence to Cape 
Hatteras.  Winter skates are concentrated on Georges Bank and in the northern section of the 
Mid-Atlantic Bight.  It has been suggested that winter skates undertake seasonal movements, 
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particularly in the southern part of their range, moving toward shore in the fall and off shore in 
the summer (McEachran 2002).  Winter skates have been reported in Chesapeake Bay from 
December to April (Hildebrand and Schroeder 1928; Geer 2002).  Winter skates generally range 
from the shoreline to 371 m, although they are most abundant where water depth is less than 111 
meters.  They have been found in water temperatures ranging from -1.2°C to 19°C.  Winter 
skates prefer sandy and gravelly bottoms but are also found in muddy bottoms.  Bottom type 
seems to influence the distribution of winter skate more than water depth.  Winter skatea remain 
buried in depressions during the day and become more active at night.  They prefer salinities of 
32 to 34 ppt but have been found in waters between 15 ppt and 36 ppt (Packer et al. 2003c). 
Juveniles and adults could occur in the Bay, particularly during the winter months.   
 


Summer flounder (Paralichthys dentatus): Larvae, Juveniles, and Adults – Summer 
flounder inhabit shallow estuarine waters and the outer continental shelf from Nova Scotia to 
Florida.  They are most abundant within the Mid-Atlantic Bight from Cape Cod, Massachusetts, 
to Cape Hatteras, North Carolina.  Summer flounder exhibit strong seasonal inshore-offshore 
movements, although not to the degree of other highly migratory species.  Adults and juveniles 
inhabit shallow coastal and estuarine waters during spring and summer and move offshore during 
the fall and winter. Adults spawn in the open ocean during the fall and winter while they are 
moving offshore or onto their wintering grounds.  Larvae are most abundant 12 to 50 miles from 
shore at depths of 100 to 230 feet in the northern part of the Mid-Atlantic Bight from September 
through February.  Larvae migrate inshore, entering coastal and estuarine nursery areas to 
complete transformation.  They then leave the water column and settle to the bottom, where they 
bury in the sediment and complete development to the juvenile stage. Juveniles remain inshore 
and in many estuaries during spring, summer, and fall.  They may move to deeper waters 
offshore with the adults during colder winter months.  Juveniles use a variety of estuarine 
habitats, including estuarine marsh creeks, which serve as important nursery habitat, and 
seagrass beds, mud flats, and open bay areas.  Juveniles are sometimes found in Chesapeake 
Bay, where young of the year occupy tidal creeks with salinities greater than 15 ppt.  Abundance 
of juveniles increases in high-salinity systems.  Substrate preference and prey availability affect 
distribution.  Some juveniles prefer mixed or sandy substrates, and others use mud and vegetated 
habitats.  Adult summer flounder prefer sandy habitats, but because they can camouflage 
themselves to match their substrate (Mast 1916), they also occupy various habitats with mud and 
sand substrates.  Distribution by depth in the water is related to temperature.  During the 
summer, adults are found in the high-salinity areas of estuaries, but this may be due to substrate 
preference, rather than to salinity preference (Packer et al. 1999).  Larvae, juveniles, and adult 
summer flounder are common throughout lower portions of the Chesapeake Bay.  In Maryland, 
coastal bays are excellent habitat for adults and juveniles, but in areas of significant pollution, a 
lack of food sources and/or insufficient water circulation may prevent subsistence. 
 


Windowpane flounder (Scophthalmus aquosus):  Juveniles and Adults – Windowpane 
flounder is a eurythemal, euryhaline, fast-growing species distributed from the Gulf of Saint 
Lawrence to Cape Hatteras.  Windowpane flounder inhabit estuaries, near-shore waters, and the 
continental shelf, preferring shallow waters (< 110 m) and sand to sand/silt or mud substrates.  
They can be found in most bays and estuaries south of Cape Cod throughout the year at a wide 
range of depths (less than 5 to 130 ft) and temperatures (0-28ºC).  Juveniles and adults occur at 
salinities of 5.5 to 36.0 ppt (Tagatz 1967) and are sensitive to hypoxic conditions (DO less than 
3 mg/l).  Windowpane flounder are not targeted by commercial fisherman but are by-catch in 
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other bottom-trawl fisheries.  Spawning occurs throughout most of the year (April-December) 
with peaks in the central Mid-Atlantic Bight in the spring and fall (Morse and Able 1995; Able 
and Fahay 1998).  Windowpane flounder spawn primarily in offshore areas and may spawn in 
the high-salinity portions of estuaries and in coastal habitats of the Carolinas.  Juveniles settle in 
shallow inshore waters and then move to deeper waters as they grow.  Both juveniles and adults 
may migrate to nearshore or estuarine habitats in southern Mid-Atlantic Bight during spring 
through autumn.  Adults are known to travel along the coast for great distances (Chang et al. 
1999). Juvenile and adult windowpane flounder are expected to occur throughout the Bay, 
particularly during spawning and during spring through autumn. 
 


Winter flounder (Pleuronectes americanus):  Juveniles and Adults – Winter flounder is 
a valuable commercial and recreational species.  Winter flounder are distributed along the 
Atlantic Coast from Labrador, Canada, to North Carolina and Georgia.  They are common on 
Georges Bank and in shelf waters as far south as Chesapeake Bay.  Winter flounder are 
omnivorous, opportunistic feeders, consuming a wide variety of prey.  Adults migrate inshore 
during the fall and early winter and spawn during late winter and early spring throughout most of 
their range. Peak spawning occurs during February and March near Cape Cod and somewhat 
earlier in more southern waters. Spawning occurs in coves and inlets.  After spawning, most 
adults leave the inshore areas, although some remain in shallow waters year-round.  Young of 
the year have different habitat requirements than larger juveniles. Recently settled young-of-the-
year juveniles are found close to spawning grounds and in depositional areas with slow currents.  
They spend their first year in very shallow inshore waters before moving to deeper water in the 
fall, and remain in the deeper, cooler water for much of the next year.  Juveniles can be found in 
both inshore and offshore waters.  Young-of-the-year flounder subsist in lower salinities (5 ppt) 
than do yearling flounder (10 ppt; Reynolds and Thomson 1974). Habitat utilization by young-
of-the-year flounder is not consistent across habitat types or years. Adult winter flounder prefer 
temperatures in the range of 12ºC to 15ºC and salinities above 22 ppt.  Their salinity tolerance is 
age dependent, and some have survived in salinities as low as 15 ppt (McCracken 1963; Pereira 
et al. 1999). Juveniles and adults can be expected to be common in the Bay throughout the year.   


 
3.6 CULTURAL AND SOCIOECONOMIC ENVIRONMENT 


 
The cultural and socioeconomic environment of the Chesapeake Bay region is complex 


and diverse.  Oysters play a variety of significant roles in this environment.  The Eastern oyster 
is highly valued as a source of food, a symbol of heritage, an economic resource supporting 
families and businesses, and a contributor to the health of the Chesapeake Bay ecosystem.  
Harvesting, selling, and eating oysters has historically been a central component and driver of 
social and economic development in the region.  From the colonial period to the 20th century, 
oyster harvests supported a vibrant regional industry, which in turn supported secondary 
industries, fishing communities, and a culinary culture centered on the bivalve.  


 
Chesapeake Bay provides one of the primary focal points for tourism in Maryland and 


Virginia.  Recreation in the Bay region includes a wide range of activities such as hunting, 
fishing, sailing, hiking, touring historical landmarks, dining, and shopping.  Tourism attracted 
almost 28 million people to Maryland in 2005.  Those visitors spent more than $10 billion on 
accommodations, services, and attractions throughout the state (MD Tourism Development 
Board 2006).  Domestic tourists spent $16.5 billion in Virginia (Travel Industry Association 
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2006).  These expenditures contribute significantly to the economies of each state, particularly 
by generating employment and tax revenue.  Shared valuations of the Chesapeake as an 
accessible, safe, clean recreational resource influence the benefits that surrounding states derive 
from recreational use of the Bay.  


 
A culture can be defined as a body of knowledge and shared values that are learned 


through membership and participation in a specific group or community.  The cultural value of 
oysters in the Chesapeake can be perceived in two different but related ways.  Oysters are an 
economic resource that supports unique communities and an industry that is an important 
component of the region’s heritage and identity.  Within these communities, oysters are a source 
of income for families of watermen and those employed in the processing of oysters 
(e.g., shuckers); they support multigenerational businesses and contribute to a regional economy. 
Oysters also give people the opportunity to interact with the marine environment in the most 
salient way possible – through work.  These communities have helped to shape the character of 
the Chesapeake Bay region.  Oysters are also a natural resource that carries cultural meaning as 
one symbol of a productive, healthy, beautiful Chesapeake Bay.  These natural values are more 
implicit than stated, but they play a critical role in determining how different groups interact with 
each other and the environment.  Economic and natural values combine to define what 
Chesapeake Bay means to people.  To incorporate cultural meaning into policy, all groups’ 
knowledge and values (implicit and explicit) must be recognized and evaluated based on an 
understanding of (1) how each group understands and uses oysters, and (2) how each group’s 
perception of oysters affects its understanding of, support for, or resistance to policies and 
programs designed to manage and sustain the Bay’s natural resources.  A wide range of 
behaviors can be affected by changes in cultural meaning, including political support for oyster 
restoration plans, consumption of oysters, and participation in oyster recovery programs, 
commercial fishing, or the operation of oyster-dependent businesses (Paolisso et al. 2006). 


The seafood industry contributes approximately $400 million each year (State of MD 
2006) to Maryland’s total gross domestic product of $257.8 billion (http://www.bea.gov 
/regional/gsp/). Virginia’s seafood industry is the fourth largest producer of marine products in 
the nation, with an annual economic impact of more than $500 million (http://www 
.virginiaseafood.org) to Virginia’s total gross domestic product of $383.0 billion.  In 2004, 
commercial fisheries landings (i.e., the weight, number or value of a species of seafood caught 
and delivered to a port) alone earned $49,293,942 in Maryland and $160,509,226 in Virginia 
(NMFS, pers. comm., Fisheries Statistics Division, Silver Spring, 2005 data available at 
http://www.st.nmfs.noaa.gov/st1/commercial /landings/annual_landings.html).  More than 6,600 
watermen work Chesapeake Bay, providing seafood to 74 seafood processing plants in 
Maryland; these plants employ more than 1,300 people (MD Seafood 2005).  Virginia has more 
than 194 processing plants, and the seafood industry provides more than 11,000 part-time and 
full-time jobs (VA Seafood 2004).  These jobs represent an assortment of positions including day 
laborers, sales representatives, managers, maintenance workers, delivery personnel, and others. 
The sector relies on immigrant workers, particularly in oyster and crab processing facilities 
(Kirkley et al. 2005).   


 
Although the cultural influence of changes in oyster populations in the Bay extends to all 


residents, people with familial or historical ties to the region, taxpayers, and varieties of users, 
the socioeconomic dimensions of such changes are most relevant for direct users.  Direct users 
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include watermen, oyster growers, and oyster processors, packagers, shippers, and retailers.  The 
oyster industries in Maryland and Virginia are quite distinct due to differences in oyster 
populations, regulatory frameworks, and structure.  Processing, wholesale, and retail operations 
continue to operate in the region but depend increasingly on oysters imported from elsewhere. 
The processing sector in Maryland, which consisted of 11 processing plants employing 249 
people in 1997, is smaller than in Virginia, where 21 plants employed 389 employees that same 
year (NRC 2004; Muth et al. 2000).  In Maryland, most oysters are harvested from public 
grounds16 during the winter (depending on the kind of equipment used, a designated time frame 
between October and March; DNR 2006a).  In Virginia, a significant portion of landings comes 
from privately held leases, which often are harvested during the summer, whereas public beds 
are harvested during the winter (NRC 2004).  During the 1990s, more than 96% of the oyster 
harvest in Maryland came from public beds, while less than 40% of Virginia’s harvest came 
from public beds, and the rest came from leased beds.  Although oystering earns watermen much 
less money than they earn from crabbing during the spring and summer, dredging or tonging for 
oysters during fall and winter enables them to continue to earn a small income, providing a 
financial safety valve for watermen and their families (NRC 2004; Appendix E3).  


 
Watermen in both Maryland and Virginia must purchase a special license to harvest 


oysters.  Virginia licenses are purchased by gear type.  In Maryland, anyone seeking to harvest 
oysters must first obtain an Oyster Harvesting License (OHL) or a Tidal Fish License (TFL), 
which allows the holder to harvest a range of commercially valuable, marine species in the Bay.  
To qualify to harvest oysters in any particular year, holders of an OHL or TFL must pay an 
annual oyster surcharge, which currently costs $300.  In any given year, many TFL holders elect 
not to fish for oysters; consequently, the number of oyster surcharges purchased by OHL and 
TFL holders is the best indicator of the number of Maryland harvesters active in the fishery 
during a year.  In 2001, more than 1,000 watermen in Maryland paid the oyster surcharge, and 
320 in Virginia held gear-specific oyster licenses.  That same year, these harvesters earned an 
estimated $5,300 per license (either OHL or TFL) in Maryland and $1,800 per license in 
Virginia (NRC 2004).  In 2004, only 284 watermen in Maryland paid the oyster surcharge 
(MD DNR 2006b), while 420 watermen in Virginia held oyster licenses (VMRC 2005; see Table 
3-4). Overall, the decline in the number of watermen paying the oyster surcharge in Maryland 
was more pronounced between 1999 and 2006 compared to changes in oyster licensing in 
Virginia, where the trend was shorter periods of decline and increase (Table 3-4).  
 
Table  3-4. Oyster surcharges and licenses per year for Maryland and Virginia 
 


Year 1999 2000 2001 2002 2003 2004 2005 
 
2006 


Maryland  
Number of Oyster Surcharges  1135 1031 1004 725 461 284 420 


 
577 


Virginia 
Licenses Sold for  
All Kinds of Harvesting Gear  406 255 320 546 312 420 N/A 


 
 
N/A 


Source: Data from Maryland Department of Natural Resources (2006b) and Virginia Marine Resource 
Commission (2005). 


 
                                                 
16 Public grounds are oyster bars that are open to harvest of wild oysters by any licensed waterman; leased grounds 
are bars to which the lease holder has exclusive rights for oyster harvesting through a lease with the state.    
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Direct users of the oyster resource are diverse within all sectors of the industry (i.e., wild 
harvesting, aquaculture, processing, wholesale, and retail sales).  Harvesters of wild oysters 
(i.e., oysters that settled and grew naturally in public waters, not those cultured on leased bottom) 
range from young heads of households to older, semi-retired persons.  Wild harvesters’ 
dependence on oysters varies widely according to their degree of time and financial investment 
in oystering, their family and labor situation (which often are closely related), and their reliance 
on blue crabs or other sources of income.  For some watermen, oysters are an integral and 
essential component of their livelihood.  For others, oysters represent a way to earn some extra 
money during the winter.  For most watermen, oysters are a significant component that enables 
harvesters to continue working the water during winter, which is central to their cultural identity 
as watermen.   


 
Aquaculture operations are equally diverse and can include growers singly engaged in 


oyster aquaculture, wild harvesters who also grow oysters, and processors engaged in 
aquaculture to serve their shucking needs.  Shellfish aquaculture is more prevalent and developed 
in Virginia, although a small number of active growers operate in Maryland.  Within Maryland, 
approximately 94% of bar acreage is public (DNR 2007).  In Virginia, about 67% of bar acreage 
is public, and the rest is leased bottom.  Before February 2007, Virginia had no system for 
permitting and recording production of oysters or clams in the shellfish aquaculture industry 
(M. Oesterling, VIMS, pers. comm.).  Furthermore, applications to lease bottom for culturing 
oysters were not differentiated from applications to lease bottom for culturing clams.  The 
VMRC is now responsible for administering an aquaculture permitting system and collecting 
production information; however, limited data are available to estimate the number of acres 
being leased to culture oysters and clams at this time.  The best available estimate is that about 
100,000 acres of bottom in Virginia are leased for clam and oyster aquaculture combined, and 
about 200,000 acres are public shellfishing grounds; however, much of the public fishing ground 
is no longer productive, and only about 12,000 of the leased acres are believed to be good habitat 
for clam and oyster aquaculture (J. Wesson, VMRC, pers. comm.).  VIMS conducted a mail 
survey to collect information about clam and oyster growers. Eighteen clam growers and 26 
oyster growers responded to the survey; these growers represented 95% of the total production of 
Virginia's aquaculture during 2005 (Murray and Oesterling 2006).  In 2004, Virginia growers 
used 265 leases for oyster culture; in 2005, the number of leases for oyster culturing grew to 282.  
Based on the mail survey, the number of acres leased in Virginia that are under cultivation for 
clams was estimated at 6,569 acres in 2005; however, that estimate includes all cultivation along 
the eastern shore, both seaside and bayside, as well as a small area of the western shore of 
Chesapeake Bay in Virginia that is leased for clam cultivation (Murray and Oesterling 2006; M. 
Oesterling, pers. comm.).   


 
Intensive aquaculture of native oysters can be undertaken in several different ways to 


serve a variety of markets.  Historically, oyster grow-out operations involved moving wild seed 
to privately leased ground (Murray and Oesterling 2006).  Due to increased rates of disease and 
mortality, this type of aquaculture is rarely practiced today. Intensive native aquaculture is 
conducted in contained racks, floats, or bags either on-bottom or off-bottom.  Growers’ 
dependence on oysters varies with the size and nature of their operation, the degree to which they 
are diversified or vertically integrated, and the markets they target.  A significant number of 
growers are employed in oyster aquaculture part-time.  A 2006 survey a oyster growers in 
Virginia reported that 30 out of 44 growers who participated were employed part-time (Murray 
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and Oesterling 2006). Virginia growers expected part-time and full-time employment in the 
aquaculture industry during 2007 to increase significantly beyond levels during 2005 and 2006 
and projected a near tripling of the harvest and sale of market-size oysters (Murray and 
Oesterling 2007; Figure 3-3).  
 


Figure  3-3. Employment in Virginia oyster aquaculture sector during 2005 and 2006; estimated 
2007 employment (source: Murray and Oesterling 2007) 


 
Despite the structural variations of the oyster fisheries in Maryland and Virginia and the 


effects of severely reduced harvest levels, oysters in Chesapeake Bay remain important culturally 
and economically at the regional, community, and household levels.  


 
3.7 VISUAL, AESTHETIC, AND RECREATIONAL RESOURCES 


 
3.7.1 Visual and Aesthetic Resources  


 
The Chesapeake Bay’s diverse landscape has long been revered for its scenic beauty.  


The western shore of Chesapeake Bay in Maryland, from the Susquehanna River to the Potomac 
River, has comparatively high topographic relief, sandy beaches, and actively eroding coastal 
bluffs.  Landscape on Virginia’s western shore is typical coastal plain dissected into three broad 
peninsulas by four tidal rivers:  Potomac, Rappahannock, York, and James.  Vegetation ranges 
from uplands dominated by oak and loblolly pine to bald cypress swamps and freshwater 
marshlands in the region’s series of smaller tributaries.   


 
Low topographic relief, irregular shoreline, and offshore islands characterize the eastern 


shore of Chesapeake Bay in Maryland and Virginia and provide a unique aesthetic appeal.  Areas 
of open water and extensive wetlands with tall marsh grasses, shrubs, and trees characterize 
much of the middle and lower eastern shore.  Hummock-and-hollow microtopography (upland 
mounds surrounded by lowlands) is predominant in the near-shore habitats in this region. 
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 In addition to the Chesapeake’s natural beauty, the traditional waterfront communities 
are of particular aesthetic value.  The historic watermen’s communities along the Chesapeake’s 
western and eastern shores offer an aesthetic charm and have contributed greatly to tourist-based 
industries in these areas.  Traditional Maryland and Virginia workboats operating in these areas 
bring aesthetic appeal to the region as well as cultural value.  Notably, Maryland’s historic 
skipjack fleet has become a visual symbol of the state and has received attention as the nation’s 
last sail-powered, commercial fishing fleet.  Some shellfish-related activities, such as certain 
types of aquaculture, have the potential to create conflicts with shoreline residents, as has been 
evident in Maryland’s coastal bays in recent years.  Homeowners have objected to in-water 
structures that alter their scenic views and to the noise of workboats. 
        


3.7.2 Recreation  
 


3.7.2.1 Fishing 
 


Chesapeake Bay supports a significant recreational fishery.  Estimates indicate that 
701,000 resident and non-resident anglers engaged in recreational fishing in Maryland during 
2001.  In 2001 there were 7.5 million days of fishing in Maryland (FWS 2003a).  Approximately 
1 million resident and non-resident anglers fished a total of 14.5 million days of fishing in 
Virginia during 2001 (FWS 2003b).    


 
The principal species of fish sought throughout the Bay include striped bass (Morone 


saxatilis), black sea bass (Centropristis ocyurus), bluefish (Pomatomus saltatrix), channel catfish 
(Ictalurus punctatus), white catfish (Ictalaurus catus), winter flounder (Pleuronectes 
americanus), summer flounder (Paralichthys dentatus), spotted sea trout (Cynoscion nebulosus), 
weakfish (Cynoscion regalis), Spanish mackerel (Scomberomorus maculates), croaker 
(Micropogon undulatus), white perch (Pomoxis annularis), yellow perch (Perca flavescens), and 
spot (Leiostomus xanthurus). Many recreational fishers specifically target striped bass.  The 
striped bass stock of Chesapeake Bay is one of four east coast migratory stocks (i.e., Roanoke, 
Delaware, and Hudson rivers) and contains premigratory juveniles and transient adult 
populations that immigrate to waters in Maryland and Virginia during the spring spawning 
season.  Maryland’s trophy striped bass season opens during April and May, and the regular 
season continues until December in Maryland.  Recently the striped bass seasons in Virginia 
have opened in May, closed in June, and reopened from October to December.  Red drum 
(Sciaenops ocellata) and black drum (Pogonias cromis), which migrate into Tangier Sound and 
the lower Bay during the spring, are highly sought by recreational fishers.  Fishing for various 
target species may occur throughout the year, according to State regulations; however, 
productive fishing for each species varies seasonally.  Additionally, recreational fishing for blue 
crab (Callinectes sapidus) is a popular near-shore activity throughout the Bay from May through 
mid-October, peaking during the summer months.  Largemouth bass (Micropterus Salmoides) 
and crappies (Pomoxis nigromaculatus) are common catches in freshwater tributaries (FWS 
2001).  There is no recreational oystering in the Bay, although many owners of shoreline 
property participate in oyster-rearing programs coordinated by the Chesapeake Bay Foundation.   
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3.7.2.2 Boating and Navigation 
  


Boating on Chesapeake Bay is a popular recreational activity and an important 
component of the economies of Maryland and Virginia.  Approximately 209,500 boats are 
registered in Maryland (MD Sea Grant 2004).  In 2000, recreational boating contributed 
approximately 1.6 billion dollars in revenue for Maryland and supported 28,200 jobs in the state 
(MD Sea Grant 2003).  In 2002, 243,590 boats were registered in Virginia.  Nationally, Virginia 
ranks 19th in the nation for the number of registered boats; Maryland ranks 26th (NMMA 2002).  
Trailered powerboats represent most of these licenses, followed by in-water powerboats, and 
sailboats.  Oyster bars currently present in the Bay have low profiles; therefore, they pose no 
greater threat to navigation of recreational vessels than any other kind of bottom in the Bay.  


 
DNR recently agreed to remove a newly installed concrete artificial reef from Sillery Bay 


on the Magothy River in response to complaints from recreational boaters about the possibility 
that the reef could interfere with navigation in the shallow waters of the area (Kobell 2007).  No 
accidents or damage involving the reef were reported in the area in the two months between its 
installation and DNR’s decision to remove it; however, the installation did not consistently 
conform to the 8-foot clearance between the top of the reef and the surface of the water required 
by DNR’s permit for the structure. 
 
3.7.2.3 Waterfowl Hunting 
 


Waterfowl hunting is a popular sporting tradition in near-shore areas throughout 
Chesapeake Bay.  The Delmarva Peninsula is an important resting and wintering ground for 
many species of migratory waterfowl and other birds during winter months.  Canada geese 
(Branta canadensis) are by far the most sought after waterfowl species hunted on Maryland’s 
Eastern Shore.  Puddle ducks such as mallards (Anas platyrhynchos), black ducks (Anas 
rubripes), and teal (Anas spp.) are major target species for Bay-area hunters in Virginia.  Sea 
ducks and diving ducks, including surf scoter (Melanitta perspicillata), white-winged scoter 
(Melanitta fusca), black scoter (Melanitta nigra), long-tailed duck (Clangula hyemalis), and 
canvasback (Aythya valisineria), are among the principal game species sought in open waters of 
Chesapeake Bay.  Many outfitters advertise waterfowl guiding on Maryland and Virginia’s 
western and eastern shores.   
 


Most waterfowl hunting is conducted from shore blinds constructed above the mean high-
water line or from field blinds.  Offshore hunting for diving ducks and sea ducks takes place 
predominantly from specialized gunning boats anchored in open waters, although wading on the 
natural bottom is permitted in some locations.  Although shoreline blinds are licensed by the 
State, Maryland regulations permit open-water waterfowl hunting in locations at least 800 yards 
from the low-water shoreline.  The Maryland Offshore Waterfowl Hunting Zone includes the 
mainstem of Chesapeake Bay and the Potomac River and restricts offshore hunting within 
Tangier Sound, Eastern Bay, and other major tributaries (DNR 2004).  Virginia regulations 
establish an offshore hunting zone as being 800 yards from any shoreline.  The hunting zone 
includes Chesapeake Bay proper and all tributaries up to the first highway bridge (VDGF 2005). 
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3.7.2.4 Swimming 
 


Recreational swimming is a popular summertime activity in the Chesapeake Bay region.  
The erosional landscape lining much of the Maryland portion of the Bay’s western shore has 
created sandy beaches that are popular destinations for swimmers.  The Baltimore metropolitan 
area encompasses more than 9,100 acres of public beaches that are open to swimming.  Virginia 
offers several public beaches along the Potomac River and at numerous public access points 
along Chesapeake Bay.  Several areas, including Hilton Beach, Huntington Beach, Buckroe 
Beach, Ocean View, Willoughby, and First Landing State Park are popular swimming destina-
tions.   
 
3.7.2.5 Wildlife Viewing 
 


Wildlife viewing is a popular activity in the forests, marshes, and waterways of the 
Chesapeake Bay area.  Over 1,500,000 people engaged in wildlife viewing in Maryland in 2001; 
waterfowl watching activities were the most popular (FWS 2001).  The region offers nationally 
recognized birding areas on public lands at Blackwater National Wildlife Refuge (NWR), 
Eastern Neck NWR, North Point State Park, and the Conowingo Dam area.  Private birding areas 
open to the public include Jean Ellen duPont Shehan Audubon Sanctuary and Wildfowl Trust of 
North America’s Chesapeake Bay Environmental Center located on Maryland’s eastern shore. 


 
The eastern shore of Virginia, an equally important stopover for migratory shorebirds, is 


another nationally recognized area for wildlife viewing.  The State established the Virginia Bird 
and Wildlife Trail system to promote access to wildlife viewing.  This system consists of 18 
trails in the Chesapeake Bay region with loops ranging along the shorelines of the western 
peninsulas to the eastern shore.  
 


3.8 HISTORIC AND ARCHAEOLOGICAL RESOURCES17 
 


Historic and archaeological resources are prehistoric and historic sites, structures, 
districts, artifacts, or any other physical evidence of human activity considered important to a 
culture, subculture, or community for traditional, religious, scientific, or any other reason.  These 
resources are discussed in terms of archaeological sites, which include both prehistoric and 
historical occupations either submerged or on land, and architectural resources.  Archaeological 
sites become submerged when they are inundated following water level rise, e.g., after 
impoundment of rivers.  Shipwrecks are a specific type of submerged archaeological site.  
 


3.8.1 Legal and Regulatory Background 
 


Section 106 of the National Historic Preservation Act of 1966 (NHPA), as amended 
(16 USC 470), governs Federal actions that could affect properties eligible for listing in the 
National Register of Historic Places (NRHP).  Section 106 requires Federal agencies to consider 


                                                 
17 Past oyster management programs that involved the dredging of buried shell deposits and placement of that 
dredged shell in restoration areas are discussed in Section 1.3.1.  Such programs have the potential to affect 
underwater historic and archeological resources; however, the proposed action and alternatives do not include such 
dredging activity.   
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the effects of their undertakings, including licensing and approvals, on NRHP-eligible properties 
and to afford the Advisory Council on Historic Preservation and other interested parties a 
reasonable opportunity to comment.  As defined broadly by the regulations implementing 
Section 106 (36 CFR 800), “historic property” means “any prehistoric or historic district, site, 
building, structure, or object included in, or eligible for inclusion in, the NRHP maintained by 
the Secretary of the Interior.”  Section 101(b)(4) of NEPA requires Federal agencies to 
coordinate and plan their actions so as to preserve important historic, cultural, and natural aspects 
of the country's national heritage.   
 


Properties that qualify for inclusion in the NRHP must meet at least one of the following 
four criteria: 
 


• Criterion A – associated with events that have made a significant contribution to the 
broad patterns of our history; 


• Criterion B – associated with the lives of persons of significance in our past; 


• Criterion C – embodies the distinctive characteristics of a type, period, or method of 
construction, or represents the work of a master, or possesses high 
artistic values, or represents a significant and distinguishable entity 
whose components could lack individual distinction; or 


• Criterion D – has yielded, or could be likely to yield, information important in 
 prehistory or history (36 CFR 60.4). 


 
Properties that qualify for the NRHP also must possess integrity as defined by the following 
seven aspects: location, design, setting, materials, workmanship, feeling, and association.  The 
term “eligible for inclusion in the NRHP” includes properties formally designated as eligible and 
all other properties determined to meet NRHP criteria.  Normally, NRHP eligibility requires a 
property to be at least 50 years old.  Resources less than 50 years old that are highly significant 
and meet the “special criteria considerations” as outlined in the regulations (36 CFR 60.4) also 
may be eligible for the NRHP.   
 


3.8.2 Research Methods 
 


This PEIS focuses on alternatives for restoring the oyster population in Chesapeake Bay; 
therefore, the cultural resources addressed here are specific to the historical range of the Eastern 
oyster within the Bay and its tributaries.  Potentially affected resources were identified in 
accordance with the regulations implementing Section 106 and the Secretary of the Interior’s 
Standards and Guidelines for Archaeology and Historic Preservation.  Cultural resources 
outside the Bay could be affected by alternatives that involve the Suminoe oyster, if that species 
were to become established outside the Bay.  Specific cultural resources outside Chesapeake Bay 
that might be affected are not identified here; nevertheless, the nature of effects on those 
resources would be similar to those expected in Chesapeake Bay. 


 
The procedures used to identify cultural resources potentially affected by the proposed 


project began with consultation with the State Historic Preservation Officers (SHPOs) of the two 
states included in the study area: the Virginia Department of Historic Resources (VDHR) and the 
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Maryland Historical Trust (MHT).  These sources maintain archaeological and architectural site 
files, maps, NRHP and National Historic Landmark nomination forms, and cultural resource 
inventories and surveys.  Additional information was obtained from the NRHP on-line database.  
In addition, individuals with knowledge of the area, including archaeologists with NOAA, and 
the Corps of Engineers, Baltimore and Norfolk Districts, were consulted about known or 
potential historic properties in the project area and about recent cultural resources studies within 
the Chesapeake Bay region.  Because the project area encompasses such a large geographic area 
without clearly delineated boundaries, preparation of a comprehensive list of all historic 
properties in the area is not feasible.  Instead, these searches generated approximate numbers of 
archaeological sites or potential sites in the proposed project area, which were incorporated into 
a spreadsheet.  Greater emphasis has been placed on the development of historic context 
information gleaned from State and regional guidelines and a wide variety of published and 
unpublished sources to establish the cultural framework for the potential for historic properties 
within the project area.  The historic context for the study area is included as Appendix F of the 
PEIS.  As specific programs and projects are planned in response to this PEIS, precise project 
areas will need to be defined in consultation with the appropriate SHPOs.  Site-file searches 
specific to those areas should then be conducted to refine knowledge about particular cultural 
resources and areas of high probability for the discovery of cultural resources in each project 
area. 
 


3.8.3 Kinds of Cultural Resources within the Project Area 
 


The National Park Service (NPS) developed the Draft Chesapeake Bay Special Resource 
Study (SRS) and PEIS to help protect and convey the national significance of Chesapeake Bay, 
including its natural, cultural, and recreational resources.  The study identified a comprehensive 
list of cultural resource types present in the Bay region (NPS 2003).  This list provides broad 
categories of the types of resources that might be located in the Bay and should be used only as a 
baseline for identifying potentially significant properties in the project area (Table 3-5).  More 
specific resource types can be obtained by searching site-files at the Maryland and Virginia 
SHPOs. 
 


Table  3-5. General kinds of cultural resources present in the Chesapeake Bay region. 
Cultural Resource Category Groups Specific Sites/Areas 


Native American Domestic sites, watercraft, fish 
gathering locations (e.g., weirs and 
traps), fords 


Colonial  
Plantations  


Water-oriented settlement sites 


Port/maritime 
communities 


Docks, boatyards and shipbuilding 
sites, fishing piers and wharves, 
seafood processing establishments, 
maritime historic districts 


Chesapeake Bay vessels  Skipjacks, bug-eyes, etc. 
Water-based transportation routes   
Watermen fishing areas   
Bay-oriented agricultural landscapes  Working farms 
Water-connected military sites on the Bay  Revolutionary War sites, War of 


1812 sites, Civil War sites, 20th 
Century sites 
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A comprehensive discussion of cultural resources within the project area is not feasible 
because of the size of the project area and wide distribution of sites.  Research relied primarily 
on sorting information contained in the databases of the MHT and VDHR and did not include 
extensive map-based research to identify the specific locations of submerged archaeological sites 
given the size and complexity of the Chesapeake Bay region and all tributaries potentially 
affected by the proposed action and alternatives. 


 
No review of specific architectural resources was undertaken at this point; however, these 


may represent an important class of resources that should be considered.  The NPS has identified 
buildings and structures associated with port and maritime communities including docks, boat-
yards, shipbuilding sites, fishing piers and wharves, seafood processing establishments, and 
maritime historic districts that contribute to the national significance of the Chesapeake Bay 
region (NPS 2003).  Although implementing the alternatives proposed in the PEIS would be 
unlikely to affect architectural resources directly, the potential for significant indirect effects 
(e.g., an expanded aquaculture operation that would require renovation of a dock or fishing pier) 
should be considered; therefore, potentially affected architectural resources should be identified 
before implementing any specific projects that might proceed from a decision based on this 
PEIS. 
 
3.8.3.1 Known Submerged Archaeological Sites in the Project Area 
 


A search of site files at the MHT indicated that at least 596 underwater archaeological 
sites have been identified in Maryland’s bay and tidal regions.  Table 3-6 provides an overview 
of the number of sites by county or city in the project area.  The table includes numerous 
prehistoric sites such as shell middens, lithic scatters, isolated finds, and camp sites.  Many of 
these sites occur along the shoreline of the Bay and tributaries and may be only partially 
submerged.  Historical archaeological sites include shipwrecks, shipyards, ferry landings, 
wharves, historic shell middens, and artifact concentrations spanning the 17th to the 20th 
centuries.  This list is not intended to be comprehensive but to provide a broad overview of the 
kinds of sites that have been identified and recorded in Maryland waters in and around the Bay.  
Of these, site 18ST636, a submerged German submarine, the U-1105 “Black Panther,” in the 
Potomac River off St. Mary’s County is listed in the NRHP.  Many other sites may be eligible 
for listing in the NRHP. 
 


In 1994 Blanton and Margolin conducted research on underwater archaeological sites 
identified in Virginia based on record searches at VDHR.  A total of 283 sites classified as 
“underwater” were identified.  Approximately 210 of these are located in counties and 
independent cities in Virginia’s Coastal Plain physiographic province where Chesapeake Bay 
and the mouths of its tributaries are located (Table 3-6).  Blanton and Margolin (1994) organized 
information on sites by region and body of water.  The two regions that cover the area of 
Chesapeake Bay and its tributaries are defined as the Eastern Shore and the Northern Coastal 
Plain.  Within these regions, site information is broken down by body of water, site number, 
cultural period, site type, and function.  Most prehistoric sites are defined as camps, but shell 
middens and village sites also are included.  Historical site functions include watercraft, bridges, 
wharves, canals, and piers in addition to sites of unknown or undetermined function.  The 
undetermined group epitomizes the difficulty in classifying underwater resources, many of which 
are identified solely as magnetic or sonar anomalies; however, even some of the sites that have 
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been investigated could not be identified.  Since this overview study was conducted in 1994, the 
number of archaeological sites classified as submerged has increased to 571 (Quatro Hubbard, 
pers. comm. May 25, 2007).  Research to update the site information collected by Blanton and 
Margolin (1994) is currently being conducted.   
 


 
3.8.3.2 Potential Submerged Archaeological Resources  
 


In addition to previously identified resources, the potential effects of the proposed action 
and alternatives on undiscovered, submerged cultural resources were considered.  Submerged 
resources in the Bay and its tributaries may be associated with Native American occupation of 
the region as well as resources associated with Euro-American exploration and settlement of the 
area, including shipwrecks.    


Table  3-6. Submerged archaeological sites in the project area by state and county or city 
Maryland City/County Number of Sites Virginia City/County Number of Sites 


Anne Arundel County 77 Accomack County 18 
Annapolis (City) 7 Northampton County 20 
Baltimore County 1 Chesterfield County 4 
Baltimore (City) 3 Virginia Beach (City) 4 
Caroline County 9 Mathews County 5 
Cecil County 25 Northumberland 4 
Charles County 5 Norfolk (City) 1 
Calvert County 37 York County 59 
Dorchester County 50 Fairfax County 5 
Harford County 4 Gloucester County 27 
Kent County 33 Hampton (City) 7 
Prince Georges County 21 James City County 6 
Queen Anne’s County 71 Henrico County 3 
Somerset County 71 Newport News (City) 6 
St. Mary’s County 38 Prince George County 2 
Talbot County 64 Suffolk (City) 2 
Wicomico County 76 Surry County 5 
Worcester County 4 Charles City County 2 
Maryland Total 596 Williamsburg (City) 1 
  Chesapeake (City) 1 


  King and Queen County 2 
  Caroline County 1 
  King William County 3 
  New Kent County 3 
  King George County 1 
  Westmoreland County 5 
  Spotsylvania County 4 
  Stafford County 5 
  Lancaster County 1 
  Richmond County 1 
  Middlesex County 1 
  Isle of Wight County 1 


  Virginia Total 210 
Project Area Total 806  
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There have been few attempts to model settlement patterns or predict prehistoric site 
locations in areas of the mid-Atlantic region that are now submerged.  Locations of submerged 
terrestrial sites have been successfully predicted in coastal areas of other regions of the United 
States by analysis of topography, bathymetry, and relict landforms (Faught 2004).  In the late 
1970s, Roberts (1979) considered prehistoric site potential for the entire continental shelf from 
Cape Hatteras to the Bay of Fundy as Edwards and Merrill (1977) attempted to reconstruct the 
environment of the region from the late Pleistocene to the early Holocene.  Blanton and Margolin 
(1994) elaborated on earlier models for underwater resources in Virginia including the 
Chesapeake Bay region.  More recently, the USACE, Baltimore District, has developed 
prehistoric and historic contexts for submerged sites in Chesapeake Bay as part of a Dredged 
Material Management Plan (DMMP) and Environmental Impact Statement (EIS) for the 
Baltimore Harbor and channels in the Bay (Krivor 2004).   
 


Prehistoric Resources – The following general discussion of the potential for submerged 
resources associated with the prehistoric occupation of the Chesapeake Bay region was 
developed primarily from An Assessment of Virginia’s Underwater Cultural Resources (Blanton 
and Margolin 1994). 


 
Due to rising sea level, large areas comprising the former ranges of Native Americans are 


likely to have been inundated along the continental shelf and by Chesapeake Bay.  Blanton and 
Margolin (1994) proposed two potential models for Paleoindian settlement.  One is a modified 
version of the model presented by Gardner (1974; 1979) that would include base camps for 
exploitation of coastal resources and attendant smaller procurement camps in the uplands and 
elsewhere along the coast.  The other is a “modified interior” pattern suggested by Custer (1986) 
that involves seasonal alteration of subsistence strategies to inland or coastal resources.  Site 
types predicted for this time period include medium- to low-frequency, coastal and estuarine 
shell middens; estuarine and interior fishing camps; and upland camps (Barber 1979).  These 
settlement patterns are thought to have remained largely consistent through the transition to the 
Early Archaic, although there may have been a trend toward “opportunistic expansion” with an 
increasing diversity in site locations.   


 
As the rise in sea level slowed between 4000 and 3000 B.C., environmental conditions 


began to stabilize and approach modern conditions.  This stabilization resulted in the develop-
ment of rich estuarine environments that are present in the area today, and models of prehistoric 
settlement are more certain due to a more complete record, with fewer inundated sites, and a 
more developed context.  Riverine orientation is well-documented in inland areas, but there is 
less certainty about the extent of a coastal or estuarine focus in the Late Archaic.  Although there 
are some Late Archaic shell middens along Chesapeake Bay, they are small and infrequent.  This 
is often interpreted as an indication that coastal and estuarine resources were subject to only 
seasonal or short-term exploitation, and models of Late Archaic settlement patterns do not have a 
significant coastal component.  It is also likely, however, that sites of this period, which would 
probably have occurred along the banks of major streams and brackish wetlands, are now 
submerged.   


 
By the beginning of the Woodland period (1000 B.C.), sea level was within 2.5 m of 


present levels, and by the period of early European contact (1600 A.D.), levels had risen to 
within 1 m.  The frequency of shell middens increased through time in the Woodland period, and 
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the largest accumulations occurred in the late Middle Woodland.  Prior to this shift, subsistence 
strategies are viewed as an elaboration of Late Archaic patterns in which coastal and estuarine 
resources played only a minor part.  By the terminal Middle Woodland, however, large shell 
middens interpreted as base camps were common throughout the area.  Shoreline erosion has 
significantly damaged some Middle Woodland middens, so models of settlement patterns from 
this period are limited.  By the Late Woodland and Protohistoric periods, settlement is found in 
areas not likely to be submerged; nevertheless, some known-contact-period villages are eroding 
into the Bay or its tributaries.  For instance, the probable location of Quomacac village, described 
by James Smith, has been the subject of four shoreline erosion prevention projects (CBP 2005). 
Shell scatters found in association with village sites provide evidence of the continued 
contribution of coastal and estuarine foods to diets based increasingly on cultivated resources 
during the Late Woodland and Protohistoric periods.  


 
Historical Resources: Shipwrecks – Dr. Susan Langley, State Underwater Archaeologist 


with the MHT, indicated that although only 700 to 800 shipwrecks have been identified in 
Chesapeake Bay, as many as 5,000 are thought to exist based on historical and archival data 
(pers. comm. May 9, 2007).  No systematic underwater archaeological survey of the Bay for 
shipwrecks has been conducted.  Only portions of a few of the main tributaries, including the 
Chester River in Maryland, and the York and James rivers in Virginia, have been systematically 
surveyed for underwater resources.  In Virginia, only a few shipwrecks have been identified 
although more than 2,000 sinkings have been reported (J. Broadwater, NOAA, Monitor National 
Marine Sanctuary, pers. comm.). 


 
NOAA maintains navigation charts that include shipwrecks, obstructions, and other 


underwater hazards covering the entire Chesapeake Bay and portions of tributaries.  This 
information is incorporated in an electronic database, the Automated Wreck and Obstruction 
Information System (AWOIS).  These data include all wrecks and obstructions known to NOAA, 
both historic and recent (NOAA 2005).  A total of 992 wrecks and obstructions were identified 
in the Bay region. Further investigation of these locations may be required in advance of specific 
projects to determine if they represent potentially significant cultural resources. 
 


3.9 WETLANDS 
 


Wetlands are important ecological resources that improve and maintain water quality, 
reduce flood damage, and provide habitat for a wide variety of plants and animals, including 
many threatened and endangered species.  Rapid loss of wetlands resulting from rural and urban 
development and rising sea level has prompted the Federal government and many State 
governments to regulate development activities in and near wetlands to preserve their important 
ecological functions.  Section 404 of the Clean Water Act establishes regulatory authority 
governing the protection of wetlands at the Federal level and allows individual States to develop 
their own regulatory programs, which can be even more stringent.  Both Maryland and Virginia 
have developed regulatory programs that specifically address tidal wetlands.  In 1974, FWS 
created the National Wetlands Inventory Project (NWI) to map the location, type, and distribu-
tion of the nation’s wetlands.  The NWI uses the classification system of Cowardin et al. (1979) 
for wetland habitat type codes on its maps.  Oyster reefs are the second subclass of the RF (Reef) 
class in the “1-Subtidal” ecological subsystem in the “E-Estuarine” ecological system.  Figure 
3-4 is a map based on NWI data of tidal estuarine wetlands within Chesapeake Bay that could 
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encompass oyster habitat and, therefore, might be affected by the proposed action or alternatives.  
According to the most recent assessment of status and trends in wetlands specifically for the 
mid-Atlantic states, the Chesapeake Bay watershed encompasses about 205,000 acres of 
estuarine wetlands, including 120,009 acres (59%) in Maryland and 84,475 acres (41%) in 
Virginia (Tiner et al. 1994).  As shown in Figure 3-4, estuarine wetlands are most abundant on 
the Bay’s lower eastern shore. 


 


Figure  3-4. Estuarine wetlands within Chesapeake Bay and its tributaries (USGS 2007). 
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Estuarine wetlands experience periodic flooding by ocean-driven tides.  The most 
common types of estuarine wetlands are emergent wetlands.  Estuarine emergent wetlands, 
commonly called salt marshes, are characterized by grasses whose upper stems and leaves 
remain emergent during high tides.  Salt-tolerant grasses such as smooth cordgrass (Spartina 
alterniflora), salt hay grass (Spartina patens), big cordgrass (Spartina cynosuroides), and 
switchgrass (Panicum virgatum) generally dominate these wetlands.  Other herbaceous plants, 
such as black needlerush (Juncus roemerianus), Olney three-square (Scirpus americanus), 
narrow-leaved cattail (Typha angustifolia), and rose mallow (Hibiscus moscheutos), may be 
abundant, especially in brackish water areas.  The nonnative grass known as common reed 
(Phragmites australis) is becoming a dominant plant species in many of the tidal emergent 
wetlands due to anthropogenic alterations of hydrology and inputs of sediment and nutrients 
(Marks et al. 1994).  Estuarine wetlands are particularly important habitats for brackish and 
marine fishes and shellfish, various waterfowl, shorebirds, wading birds, and several mammals.  
Many commercial and game fishes use estuarine marshes and estuaries as nursery and spawning 
grounds.  Menhaden, bluefish, flounder, sea trout, mullet, croaker, and striped bass are among 
the most familiar fishes that depend on estuarine wetlands.  Blue crabs and other shellfish, such 
as oysters, clams, and shrimp, also use coastal marshes for a variety of functions at various 
stages in their life cycles. 


 
The potentially affected ecosystem components and mechanisms of effect of the 


proposed action and alternatives within estuarine wetlands in the Chesapeake Bay region are as 
described in sections 3.1, 3.2, and 3.3 of this PEIS.  


 
3.10 SANCTUARIES AND REFUGES 


 
3.10.1 Sanctuaries18 


 
The National Estuarine Research Reserve System (NERRS), formerly known as the 


National Estuarine Sanctuary Program, was established under the Coastal Zone Management Act 
of 1972 and is administered by NOAA.  NERRS is a network of 27 estuaries in 22 states and 
Puerto Rico that are protected for long-term research, water-quality monitoring, education, and 
coastal stewardship (http://www.nerrs.noaa.gov).  Nineteen of the 27 estuaries lie along the 
Atlantic coast or within the Gulf of Mexico.  Chesapeake Bay counts as 2 (i.e., Maryland and 
Virginia portions) of the 19 eastern estuaries.  NOAA provides funding, national guidance, and 
technical assistance for management and research within these estuaries.  A lead State agency, 
non-profit organization, or university manages each estuary in the NERRS locally and identifies 
areas within the estuary for particular designation as reserves.  The portion of Chesapeake Bay in 
Maryland is a NERRS estuary administered by DNR.  The Maryland Reserve encompasses three 
components representing distinct estuarine habitats, including a salt marsh at Monie Bay, a tidal 
freshwater marsh at Otter Point Creek, and a tidal riverine system at Jug Bay (Table 3-7, Figure 
3-5).  The portion of Chesapeake Bay in Virginia is a NERRS estuary administered by VIMS. 
The Virginia Reserve is a multi-site system representing habitats ranging from tidal freshwater to 
high-salinity conditions along the York River; components include Sweet Hall Marsh, Taskinas 
Creek, the Catlett Islands, and the Goodwin Islands (Table 3-7, Figure 3-5).  


 
                                                 
18 Oyster sanctuaries, from which harvest is prohibited, are discussed separately in Section 1.3.2. 
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Table  3-7. Components of the Maryland and Virginia NERRS reserves  
Site Name Area 


(acres) Designated Description Species Present* 


Maryland Reserve (Source: http://www.nerrs.noaa.gov )   


Monie Bay 3,426 1985 


A tributary of Tangier Sound located on the Deal Island 
Peninsula in northwest Somerset County; habitats include 
wetland creeks and rivers, marshes, scrub-shrub wet-
lands, forested wetlands, forested uplands and coastal 
grasslands.  


Fish: mummichog, white perch, spot, menhaden. 
Invertebrates: fiddler crab, blue crab, Eastern oyster, 
marsh periwinkle, common grass shrimp. Birds: bald eagle, 
peregrine falcon, osprey, numerous hawk species. 
Waterfowl: Canada geese, mallard, black duck, green-
winged teal. Vegetation: salt marsh vegetation character-
istic of East Coast mid-salinity regimes; smooth cordgrass, 
salt cordgrass, big cordgrass, salt and three square grass, 
needlerush, marsh elder.  


Jug Bay 722 1990 


A shallow embayment of the Patuxent River, located in 
Prince George's and Anne Arundel counties; habitats 
include creeks and rivers, freshwater tidal marshes, 
scrub-shrub wetlands, forested wetlands, forested uplands 
and fields. 


Waterfowl: 22 species of wintering waterfowl, including 
tundra swans, Canada geese, green winged teal; Sora rail; 
wood duck.  
Birds: peregrine falcon, bald eagle  


Otter Point 
Creek 672 1990 


One of the last remaining freshwater tidal marshes in the 
upper Chesapeake Bay, located in Harford County, flows 
into the Bush River; habitats include open water, tidal 
marshes (valuable spawning area for several species of 
anadromous fish), forested wetlands, upland hardwood 
forests  


Fish: banded killfish, mummichog, tidewater silverside, 
bay anchovy, tesselated darter, spottail shiner; catadromous 
American eel. Reptiles: snapping turtle, painted turtles. 
Invertebrates: blue crab, various other invertebrates, 
including radiferous, protozoans and the larval forms of 
larger organisms. Mammals: muskrat, raccoon, river otter, 
beaver. Waterfowl: herons, great white and snowy egrets, 
mallard, black duck, Virginia rail. 


Virginia Reserve (Source: http://www.vims.edu/cbnerr)  


Taskinas 
Creek 980 1991 


Located within the boundaries of York River State Park, 
the Taskinas Creek watershed is representative of an 
inner coastal plain rural watershed within the southern 
Chesapeake Bay system. The watershed is dominated by 
forested and agricultural land uses with increasing 
residential land use. The non-tidal portion contains feeder 
streams that drain oak-hickory forests, maple-gum-ash 
swamps, and freshwater marshes. Freshwater mixed 
wetlands are found in the upstream reaches.  


Vegetation: Three-square and big cordgrasses; salt marsh 
cordgrass in the lower reaches of the creek, near the outlet 
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Table 3-7.  (Continued) 


Site Name Area 
(acres) Designated Description Species Present* 


Virginia Reserve (continued) 


Sweet Hall 
Marsh 871 1991 


The lower-most extensive tidal freshwater marsh, located 
in the Pamunkey River, one of two major tributaries of 
the York River; habitats include emergent fresh-water 
marsh, permanently flooded broad-leaved forested 
wetlands, and scrub-shrub. The marsh community is 
classified as freshwater mixed.  


Vegetation: arrow-arum, smooth cordgrass, big cordgrass, 
smartweeds, rice cutgrass, wild rice, water hemp, water 
dock, Walter's millet, marsh milkweed, Sedges, reed grass, 
rushes, cattail, marsh mallow, panic grass, sensitive 
jointvetch  


Goodwin 
Islands 777 1991 


Located on the southern side of the mouth of the York 
River at the northeastern tip of York County, the 
Goodwins are an archipelago of salt-marsh islands 
surrounded by intertidal flats, extensive SAV beds 
(300 acres), a single constructed oyster reef, and shallow 
open estuarine waters.  


Vegetation: salt marsh vegetation is dominated by salt 
marsh cordgrass and salt meadow hay; forested wetland 
ridges are dominated by estuarine scrub/shrub vegetation. 


Catlett Islands 690 1991 


The islands, located on the north side of the York River 
in Gloucester County, consist of multiple parallel ridges 
of forested wetland hammocks, forested upland 
hammocks, emergent wetlands, and tidal creeks 
surrounded by shallow subtidal areas that once supported 
beds of submerged aquatic vegetation. 


Vegetation: salt marsh cordgrass, salt meadow hay in the 
marsh/shrub wetland ecotone; marsh elder and groudsel tree 
bushes towards higher ground of the saltmarsh. 


* Representative species for this PEIS and RTE species are shown in boldface type. 
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Figure  3-5. Components of the NERRS reserves in Maryland and Virginia 
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NOAA and the coastal states have defined the following priority issues related to 
management within the reserves: land use and population growth, habitat loss and alteration, 
water quality degradation, and changes in biological communities.  The potential effects of the 
proposed action and alternatives have implications for three of these four priority coastal 
management issues (i.e., habitat loss and alteration, water quality degradation, and changes in 
biological communities), as described in sections 3.1, 3.2, and 3.3 of this PEIS.  The regulations 
governing NERRS state that restoration of degraded areas is not a primary purpose of the System 
but may be permitted to improve the representative character and integrity of a Reserve.  


 
Restoration activities must be carefully planned and approved by NOAA through the 


Reserve management plan (CFR 2003a).  The regulations further specify that habitat 
manipulation for resource management purposes is prohibited, except as specifically approved 
by NOAA as (1) an approved restoration activity, (2) an activity necessary to protect the public 
health or to preserve sensitive resources that are listed or eligible for protection under relevant 
Federal or State authority (e.g., threatened/endangered species, significant historical or cultural 
resources), or (3) if the manipulative activity is a long-term, pre-existing use (i.e., occurred 
before NERRS designation) occurring in a buffer area.  Habitat manipulation activities must be 
limited to the reasonable alternative that has the least adverse and shortest-term effect on the 
representative and ecological integrity of the Reserve (CFR 2003b). 


 
3.10.2 Refuges 


 
The National Wildlife Refuge System is the world’s largest network of lands and waters 


dedicated to protecting wildlife and habitat.  The system was established by Theodore Roosevelt 
in 1903 and currently includes more than 535 designated refuges administered by FWS.  Table 
3-8 lists the National Wildlife Refuges in Maryland and Virginia that encompass estuarine 
habitat suitable for oysters and, therefore, that might be affected by the proposed action or 
alternatives.  Figure 3-6 shows the locations of the refuges. 
 
Table  3-8. National Wildlife Refuges that encompass estuarine habitat in Chesapeake Bay 


Maryland (area in acres) Virginia (area in acres) 
Blackwater (16,667 ) Occoquan Bay (644) 
Eastern Neck (2,286 ) Back Bay (4,589) 
Martin (4,424) Chincoteague (13,444) 
 Eastern Shore (651) 
 Featherstone (164) 
 Nansemond (208) 
 Plum Tree Island (3,276) 
 Wallops Island (3,373) 
 Fisherman Island (1,850) 
 Great Dismal Swamp (111,000) 


 
The mechanisms of effect and potentially affected ecosystem components within these 


refuges are as described in Sections 3.1, 3.2, and 3.3 of this PEIS. 
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Figure  3-6. National Wildlife Refuges in Maryland and Virginia that encompass oyster habitat 
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 Virginia’s Natural Area Preserve System was established by law in 1989 to protect 
and conserve natural heritage resources throughout the state.  Virginia defines natural 
heritage resources as the habitat of rare, threatened, or endangered plants and animals; 
unique or exemplary natural communities; and significant geologic formations. Virginia’s 
system of protected lands is administered by the Virginia Department of Conservation and 
Recreation (DCR) and managed by the Division of Natural Heritage (DNH). In accordance 
with the Code of Virginia sections 10.1-209 -217 (Virginia Natural Area Preserves Act), 
designation as a Natural Area Preserve (NAP) places privately and publicly held natural 
areas into a legally established statewide preserve system with statutory protection against 
most forms of condemnation and conversion to other land uses. DCR (2008) listed the 
following NAPs of concern within the project vicinity and requested coordination for project 
review on any land-based activities related to or arising from this PEIS within these areas:  


• Dameron Marsh NAP  
• Hughlett Point NAP  
• Bethel Beach NAP  
• New Point Comfort NAP  
• Marks and Jacks Islands NAP  
• Parkers Marsh NAP  
• Savage Neck NAP 
• Cape Charles Coastal Habitat NAP  
• William B. Trower Bayshore NAP  
• Magothy Bay NAP  
 


Table 3-9 lists the natural heritage resources known to occur within each of these NAPs.  Several 
of these species (i.e., Northeastern beach tiger beetle, least tern, peregrine falcon) are described 
in Section 3.4 - Rare, Threatened, and Endangered Species.  Information about other species and 
communities that Virginia has designated as natural heritage resources is available at 
http://www.dcr.virginia.gov/natural_heritage/infoservices.shtml. 


 
3.11 ENVIRONMENTAL JUSTICE 


 
President Clinton issued Executive Order (EO) 12898, Environmental Justice, on 


February 11, 1994.  Objectives of the EO, as it pertains to this evaluation, include development 
of Federal agency implementation strategies, identification of low-income and minority 
populations for which proposed Federal actions would have disproportionately large and adverse 
effects on human health and the environment; and participation of low-income and minority 
populations.  A Presidential Transmittal Memorandum that accompanied EO 12898 referred to 
existing Federal statutes and regulations to be used in conjunction with the EO.  The memoran-
dum addressed the use of the policies and procedures of NEPA.  Specifically, the memorandum 
indicates that, “Each Federal agency shall analyze the environmental effects, including human 
health, economic and social effects, of Federal actions, including effects on minority 
communities and low-income communities, when such analysis is required by the National 
Environmental Policy Act of 1969 [NEPA], 42 U.S.C. section 4321 et seq.”  Agencies are 
responsible for identifying and addressing, as appropriate, any disproportionately great and 
adverse effects of their programs, policies, and activities on the health of minority and low-
income populations and their environments. 
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Table 3-9.  VA Natural Heritage Resources within the NAPs of concern  (Source: DCR 2008) 
Western Shore (north to south) 


Dameron Marsh NAP 
Northeastern beach tiger beetle (Cicindela dorsalis dorsalis) FT, ST  
Sea-beach knotweed (Polygonum glaucum) 


Hughlett Point NAP 
Northeastern beach tiger beetle (Cicindela dorsalis dorsalis) FT, ST 
Sea-beach knotweed (Polygonium glaucum) 


Bethel Beach NAP 
Northeastern beach tiger beetle (Cicindela dorsalis dorsalis) FT, ST 
Least tern (Sterna antillarum) SSC 


Saltmarsh sharp-tailed sparrow (Ammodramus caudacutus) SSC 


Sea-beach knotweed (Polygonum glaucum) 
Northern harrier (Circus cyaneus) SSC 


New Point Comfort NAP 
Northeastern beach tiger beetle (Cicindela dorsalis dorsalis) FT, ST 


Eastern Shore (north to south) 
Marks and Jacks Islands NAP 


Northeastern beach tiger beetle (Cicindela dorsalis dorsalis) FT, ST 
Parkers Marsh NAP 


Saltmarsh sharp-tailed sparrow  
(Ammodramus caudacutus)SSC 


Northeastern beach tiger beetle  
(Cicindela dorsalis dorsalis) FT, ST  


Peregrine falcon (Falco peregrinus) ST 


 
Tidal mesohaline/polyhaline marsh 


Savage Neck NAP 
Dwarf  burhead (Echnidorus tennellus) 
Southern bladderwort (Utricularia juncea) 
Engelmann’s umbrella-sedge (Cyperus engelmannii) 
Northeastern beach tiger beetle  


(Cicindela dorsalis dorsalis) FT, ST 


Maritime dune scrub 
Maritime dune grassland 
Maritime dune woodland 
Maritime upland forest 
Land-bird migratory conservation area 


Cape Charles Coastal Habitat NAP 
Creamflower tick-trefoil (Desmodium ochroleucum) 
Northeastern beach tiger beetle (Cicindela dorsalis dorsali) FT, ST 
Land-bird migratory conservation area 


William B. Trower Bayshore NAP 
Northeastern beach tiger beetle  


(Cicindela dorsalis dorsalis) FT, ST 
Land-bird migratory conservation area 


 


Maritime dune scrub  
Maritime dune grassland 
Maritime wet grassland 
Maritime upland forest 


Magothy Bay NAP 
Land-bird migratory conservation area 


FT appears on Federal list of  threatened species 
ST appears on Virginia’s list of threatened species 
SSCappears on Virginia’s list of species of special concern 


 
Based on recent survey work, no low-income or minority populations appear to be 


significantly involved in harvesting oysters in the Bay.  Historically, significant numbers of 
African-Americans were employed in shucking houses, but today most shuckers are immigrant 
Hispanic workers. Any potential effects on these workers are described in Section 4.11. Most 
employment in the oyster industry today consists of harvesters, growers, and processors 
(including buyers); harvesters are the largest group.  Although minorities participate in these 
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activities, none dominate.  Harvesters’ incomes generally fall in the middle to lower-middle 
levels, and growers’ and processors’ into somewhat higher levels.  There is no evidence of 
significant Native American involvement in oystering or the oyster industry in the Bay 
(M. Paolossi, University of Maryland, pers. comm.). 


 
Within the context of this PEIS, any change in the Bay’s oyster population that affects 


water quality and habitat in the Bay will affect all residents of the Bay area, regardless of 
minority or economic status.  To the extent that minorities or low-income individuals are 
involved in oystering or in other components of the oyster industry, they would be positively 
affected by alternatives that result in increases in oyster populations or oyster-related businesses.  
 


3.12 AIR QUALITY 
 
Non-attainment areas are localities where air pollution levels exceed National Ambient 


Air Quality standards or that contribute to ambient air quality in a nearby area that does not meet 
standards.  Designating a non-attainment area is a formal process undertaken by the EPA and 
usually occurs only after air quality standards have been exceeded for several consecutive years. 
Non-attainment areas are given a classification based on the severity of the violation and the air 
quality standard they exceed.  Ozone is a leading air pollution problem in the Bay area.  EPA has 
rated Washington, D.C.; Northern Virginia; and several Maryland counties as severe non-
attainment areas for ozone.  Maryland, Virginia, and the District are listed as maintenance areas 
for carbon monoxide because these areas once exceeded the national standard for carbon 
monoxide but are now within the standard.   


 
Pollution in the air can affect the water quality and living resources of Chesapeake Bay.  


Contaminants are transferred to land or water through a process called atmospheric deposition.  
Airborne pollutants return to the earth's surface either by wet deposition (i.e., rain) or dry 
deposition, and are transported into streams, rivers, and the Chesapeake Bay by runoff or 
groundwater flow. Air pollution can be man-made or naturally occurring.  Man-made sources of 
pollution include utilities, chemical and manufacturing plants, transportation, and agriculture.  
Natural sources of air pollution include pollutants emitted from plant life, erupting volcanoes, 
forest and prairie fires, and dust storms.  The principal pollutants from atmospheric deposition 
that affect the Chesapeake Bay are nitrogen oxides and chemical contaminants.  Although 
deposited nitrogen oxides are known for damaging aquatic life because of their acidity (i.e., acid 
rain), the potential effects of acid rain on oysters are poorly understood.  Some of the nitrogen 
oxide deposited in the Bay is converted into a form that is useable by algae, thereby increasing 
nutrient enrichment that contributes to causing anoxic conditions in the Bay.  The CBP estimates 
that a quarter of the total nitrogen load to the Bay comes from atmospheric deposition; 75% of 
that load is deposited on land and later transported to the Bay by surface water runoff and 
groundwater flow.  The remaining 25% is deposited directly into the Bay.  Nitrogen-oxide 
emissions in the watershed have increased by 3.5 million tons since 1970, and this trend is likely 
to continue in the immediate future as the population increases within the Bay’s watershed.   
 


3.13 PUBLIC SAFETY AND FOULING 
 


Public safety factors in and around Chesapeake Bay include such activities as emergency 
services, law enforcement, and fire protection.  No information suggests that the current oyster 
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population or the oyster fishery have caused any significant demand for public safety services. 
Public safety issues related to recreational boating have arisen in recent years as a result of using 
construction debris to create new artificial reefs.  In 2007, the Mary Jo Garreis Memorial Reef, 
which was projected to support up to 4 million oysters, was constructed at the mouth of the 
Magothy River in Maryland.  It was placed in a location that was too shallow, creating a 
potential boating hazard.  Although no actual boating accidents related to the reef were reported, 
the reef material was removed in response to complaints from members of the public.  Potential 
effects on boating are considered in selecting sites for artificial three-dimensional reefs in 
Maryland and Virginia. 
 


The ability of oysters to absorb and accumulate hazardous and toxic chemicals and 
bacteria present in the water may present a public safety concern associated with implementing 
the proposed action if Suminoe oysters accumulate such things differently than Eastern oysters.   
In the Bay, contamination of water and sediment occurs through urban point sources such as 
sewage and industrial outfalls, urban runoff, and atmospheric deposition.  The most pervasive 
contaminants are metals (arsenic, cadmium, copper, chromium, lead, mercury, nickel, and zinc), 
organic compounds, pesticides, and acid-mine drainage (EPA 1999).  Although high concentra-
tions of contaminants may inhibit the development of larval oysters, weaken their immune 
systems, or create other health problems, oysters are relatively tolerant of many common 
pollutants (Capuzzo 1996; Roesijadi 1996), and population-level effects of contaminants have 
not been observed among oysters in the Chesapeake Bay.  Oysters, however, may accumulate 
contaminants in their tissue, which could present a health hazard for humans that consume them. 
Metals are of particular concern because oyster tissue may accumulate metals to concentrations 
that are much greater than those in the surrounding water.  The same is true of bacteria that enter 
the Bay via sewage discharges and land runoff.  Although high concentrations of fecal bacteria 
do not affect the health of oysters, extensive areas of the Bay are closed to oyster harvest each 
year due to bacterial contamination (Strebel et al. 2006).  Some people are advised to limit or 
eliminate their consumption of fish and invertebrates containing high levels of metals, and most 
health agencies prohibit harvest and sale of shellfish taken from waters that have been closed to 
fishing and recreational use because of large concentrations of coliform bacteria.   
 


Because oysters settle on hard surfaces, they have the potential to become a fouling 
organism by settling and growing on surfaces where their presence may become an 
inconvenience or impair the function of those surfaces.  Fouling is generally of greatest concern 
in areas involving water withdrawals.  Fouling can adversely affect facilities that withdraw water 
because organisms that settle on structures through which water is flowing can impede or block 
the flow; moreover, the flowing water enhances the growth of organisms, such as oysters, that 
feed by filtering food from the continuous supply of water passing over them.  The nonnative, 
freshwater zebra mussel has created serious fouling problems at drinking water intakes 
throughout the regions it now inhabits.  Oysters cannot survive in fresh water; therefore, they 
cannot foul drinking water intakes in the Chesapeake Bay watershed.  Steam electric-generating 
stations located on the Bay withdraw large volumes of saline water for cooling.  In Maryland 
alone, 14 generating facilities are permitted to withdraw 7,734 million gallons (29.3 billion liters) 
of water per day from Chesapeake Bay and its tributaries (PPRP 2006).  No significant fouling of 
power-plant intakes by the Eastern oyster has ever been reported in Chesapeake Bay.  
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In its broadest sense, public safety might be considered to include indirect effects of 
changes in the population of oysters, such as the role that oysters may play in affecting the size 
of the population of the stinging sea nettle (Chrysaora quinquecirrha).  This relatively large, 
swimming jellyfish might be considered a public safety issue because its sting is rated from 
"moderate" to "severe" and can cause discomfort for swimmers and other water users who come 
in contact with its tentacles.  Its sting, however, is not potent enough to kill a person, except by 
allergic reaction.  The stinging sea nettle produces eggs or sperm that are shed into the water 
daily during the summer. Fertilized eggs form larvae that attach to hard surfaces, such as oyster 
shells, and grow into tiny polyps.  The bottom-dwelling polyps live through the winter in a 
dormant state.  During May through August, the polyps bud off tiny sea nettles about 1 mm in 
diameter that grow rapidly into visible jellyfish (NOAA 2007).  Biologists do not know if the 
decreasing availability of hard surface, including oyster bars, in the Bay is a limiting factor for 
nettle populations. Sea nettles have been particularly abundant in some recent years despite the 
small population of oysters in the Bay.   


 
3.14 COMMERCIAL NAVIGATION 


 
The Virginia Port Authority owns four general-cargo terminals that are destinations and 


departure points for commercial ship traffic in the lower Bay:  Norfolk International Terminals, 
Portsmouth Marine Terminal, Newport News Marine Terminal, and the Virginia Inland Port in 


Front Royal.  These terminals are operated by Virginia 
International Terminals, Inc.  The ports, which are 
located approximately 18 miles from the mouth of 
Chesapeake Bay, are accessible via a 50-foot-deep 
shipping channel and service a wide range of 
commercial traffic.  The Maryland Port Administration 
owns and operates the Port of Baltimore, which is 
accessible from the south via the main Bay shipping 
channel and from the north via the Chesapeake & 
Delaware Canal.  In 2005, 2,119 ships arrived in the 
Port of Baltimore, including deep-draft cargo vessels, 
passenger vessels, and tug-and-tow vessels.  
Commercial ship traffic occurs throughout the length of 
Chesapeake Bay but is limited to dredged shipping 
channels (Figure 3-7).  Comparing Figure 3-1 with 
Figure 3-7 shows that no oyster habitat is present within 
dredged shipping channels; existing oyster habitat 
occurs in shallower waters that cannot accommodate 
deep-draft commercial boat traffic.  
 


Oyster reefs, whether developed naturally or 
created artificially, could become navigation hazards for 
shallow-draft commercial vessels transiting small inlets 
and tributaries in the Bay (Section 3.7.2.2).  Aqua-
culture facilities and activities that are elements of 
several of the alternatives also could pose navigation 
hazards. In addition, commercial vessels that release or 


Figure  3-7.  Areas of commercial ship
traffic in Maryland and Virginia (from
Maryland Sea Grant, “Keep Clear:
Big Ships in Chesapeake Bay”) 
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take on ballast water could serve as vectors for dispersing the Suminoe oyster into regions other 
than Chesapeake Bay. 
 


3.15 POTENTIALLY AFFECTED RESOURCES OUTSIDE OF CHESAPEAKE 
BAY 


 
Alternatives addressed in this PEIS that involve only the Eastern oyster would not affect 


resources outside of Chesapeake Bay.  The establishment of a self-sustaining, diploid population 
of the Suminoe oyster in Chesapeake Bay, however, could affect resources outside of the Bay. A 
self-sustaining population of Suminoe oysters could be established in Chesapeake Bay in one of 
three ways:  (1) by implementing the proposed action; (2) by implementing the aquaculture 
alternative using triploid Suminoe oysters, if some reproductively viable oysters escape 
containment (Section 4.1.6.2 and Appendix B); or (3) by an unauthorized introduction of the 
Suminoe oyster.  NRC (2004) identified the high probability of an unauthorized, or rogue, 
introduction given the apparent desirability of this species to many stakeholders in the oyster 
fishery. 


 
The environmental tolerances of the Suminoe oyster are within the tolerance ranges of 


the Eastern oyster (NRC 2004).  Temperature and salinity are the two main environmental 
factors affecting survival, growth, and reproduction of oysters (Shumway 1996; NRC 2004).  
The Eastern oyster can tolerate water temperatures ranging annually from -2ºC to 36ºC and 
salinity ranging annually from 5 to 40 ppt, although most major populations occur in salinities 
between 10 and 30 ppt.  In the native range of the Suminoe oyster in Zhanjiang Bay, China, 
water temperatures range from about 14ºC to 31.8ºC, and salinities range from about 9 to 30 ppt. 
(Cai et al. 1992).  Triploid Suminoe oysters used in the field trials in the Bay have tolerated and 
survived winter temperatures below those suggested for their native range (R. Mann, VIMS, 
pers. comm.) Given these similarities in tolerances, the areas outside Chesapeake Bay that could 
be affected by alternatives involving the Suminoe oyster include most of the areas that currently 
support the Eastern oyster. Eastern oysters occur in every major bay system along the Atlantic 
coast from the Gulf of St. Lawrence, Canada, through the Gulf of Mexico, and into the West 
Indies (Carriker and Gaffney 1996; FWRI 2006).  Figure 3-8 illustrates the range of the Eastern 
oyster in the United States and the potential range of the Suminoe oyster along the Atlantic and 
Gulf coasts based on its temperature and salinity tolerances and shows the major Eastern oyster 
production areas on those coasts. 


 
The ecosystem components that might be affected by the dispersal of Suminoe oyster 


from Chesapeake Bay to other estuaries and the mechanisms of effect would be similar to those 
described in Sections 3.1, 3.2, and 3.3 for Chesapeake Bay; however, indicator species for the 
various ecosystem components would differ geographically.  To the extent possible, regionally 
appropriate indicator species for key ecosystem elements will be identified and discussed in 
evaluating potential effects outside Chesapeake Bay of alternatives involving the Suminoe 
oyster. 
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Figure  3-8. Range of the Eastern oyster.  Bars indicate the percent of total oyster landings for 2006 taken from major production 


areas and areas of particular interest for the PEIS. 
 


2006 Eastern Oyster Landings 
State Pounds (in thousands) Percent 
Louisiana 11,317.7 52.0 
Texas 4,922.9 22.6 
Florida – West Coast 2,389.4 11.0 
Alabama 939.7 4.3 
North Carolina 447.4 2.1 
New Jersey 343.2 1.6 
South Carolina 275.3 1.3 
Maryland 273.9 1.3 
New York 269.3 1.2 
Massachusetts 212.5 1.0 
Rhode Island 85.9 0.4 
Connecticut 77.1 0.4 
Delaware 75.2 0.3 
Florida – East Coast 55.1 0.3 
Maine 45.7 0.2 
Washington 19.8 0.1 
Virginia 15.5 0.1 
Georgia 14.2 0.1 
Total 21,779.8 100 
Source: NMFS 2006 
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4  


4 Environmental 
Consequences


 
This section of the PEIS presents the evaluation of the potential environmental 


consequences of the proposed action and six alternatives.  Eastern oysters in Chesapeake Bay 
have been studied for decades, as documented in numerous state and Federal management 
reports and many scientific publications.  Management programs and scientific studies devoted 
to the Eastern oyster have been diverse, but most were conducted for purposes very different 
than addressing the kinds of issues being evaluated in this PEIS.  Basic information, such as the 
size of the Bay-wide oyster population, the percentage of oysters that are harvested each year, 
and the rate of growth of oyster populations at different locations in the Bay and in different 
years, is only poorly defined.  Despite such limitations, the data and results from those programs 
and studies were the only resources available for use in conducting assessments and served as the 
primary basis for the assessments of the Eastern oyster presented here.  Descriptions of those 
assessments acknowledge the uncertainties resulting from data limitations. 


 
In response to the interest in and concerns about introducing the Suminoe oyster into 


Chesapeake Bay, State and Federal agencies funded an extensive research program to investigate 
the species (Attachment A of Appendix B).  Most of that research has been completed.  All 
available information from these studies, whether completed and peer-reviewed or continuing 
and documented only in progress reports, was used to assess the potential effects of the proposed 
action and alternatives that involve the Suminoe oyster.  The assessments acknowledge and, to 
the extent possible, account for the uncertainties associated with using preliminary findings of 
incomplete research.  Additional information comes from field trials with triploid Suminoe 
oysters undertaken by the Virginia Seafood Council (VSC).  These trials were a cooperative 
effort between commercial oyster growers in Virginia and State and Federal agencies to obtain 
information about the growth and behavior of the species in Chesapeake Bay and evaluate its 
market potential.  Triploid Suminoe oysters were deployed at locations representing various 
salinity regimes within the Virginia portion of the Bay.  Table 4-1 summarizes the VSC trials to 
date.  All growers involved in the trials received permits from the Army Corps of Engineers, and 
deployed oysters were contained using a variety of methods including on-bottom and off-bottom 
cages, floats, and rack systems.  Throughout the trials, oysters were monitored for genetic 
patterns, growth, condition, and disease.  As noted by the NRC (2004), the commercial field 
trials also provided “an opportunity to research the potential effects of extensive triploid-based 
aquaculture or introduction of reproductive non-native oysters on the ecology of the bay.”   


 
Table 4-1.  Numbers of growers and triploid Suminoe oysters involved in VSC trials. 


Year 2000 2001 2003 2005 2006 2007 2008 
Number of growers 6 13 9 10 13 10 10 
Total number of Suminoe 
oysters deployed  


6,000 60,000 800,000 1 M 1.3 M 700,000 1 M 
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A major objective for the analysis of the proposed action and alternatives was to assess 
the extent to which each might contribute to attaining the goal suggested in the statement of 
purpose for this PEIS (i.e. an estimated 12 billion market-size oysters; Section 2.1). The 
assessment of the environmental consequences of the proposed action and the alternatives 
described in this section, therefore, begins with an evaluation of each action’s potential for 
attaining the oyster population goal.19 Next, the predicted effects of the proposed action and each 
alternative on other biological components of the ecosystem of Chesapeake Bay (Section 4.2) 
and water quality  are described (Section 4.3).  The assessments for ecosystem components are 
drawn primarily from the ERA for Oyster Restoration Alternatives (Section 4.4 of Appendix B).  
Potential effects of the proposed action and the alternatives on rare, threatened, and endangered 
species (RTE; Section 4.4) and essential fish habitat (EFH; Section 4.5) are presented next.  The 
assessments of effects on RTE and EFH also are based on the results of the ERA, and the 
discussion of effects on those groups reiterates the discussion of effects on ecosystem 
components to some extent. These categories of potential effects are included to meet NEPA 
regulatory requirements.  Effects of the proposed action and the alternatives on all remaining 
elements of the affected environment are then described in the order presented in Section 3.    


 
4.1 OYSTERS 


 
4.1.1 Proposed Action:  Introduce the Suminoe Oyster and Continue Efforts to 


Restore the Eastern Oyster 
 


Many issues of concern to stakeholders regarding the proposed action have to do with the 
potential for adverse ecological consequences if the Suminoe oyster were to become established 
in Chesapeake Bay.  Those issues are addressed in Section 4.2.1.  The only issues addressed in 
this section are the likelihood that a population of Suminoe oysters would become established 
(i.e., the feasibility of the proposed introduction) and the potential magnitude of an established 
population.   


 
ICES protocols for introducing a new oyster species require producing spat in a hatchery 


and placing them at a limited number of locations in a receiving body of water.  DNR, VMRC, 
and PRFC developed what they consider to be a feasible representative plan for implementing an 
introduction program according to ICES protocols (Table 4-2).  Their assumption of feasibility 
was based on the capacity of existing hatcheries, the size of the available spawning stocks, and 
realistic expectations of future increases in funding.  The representative plan calls for introducing 
Suminoe spat over a decade beginning with 400 million in year 1 and increasing to 2.3 billion 
each in years 7 through 10.  Maryland’s hatchery was assumed to produce between 75 million 
and slightly more than 2 billion spat each year; 25 million of these would be allocated to the 
Potomac River annually. Virginia’s hatchery was assumed to produce 50 to 200 million spat 
annually.  Suminoe oyster spat from those hatcheries would be planted first on designated 
sanctuaries in Maryland and Virginia, separate from native oyster restoration projects, where 
harvesting would be prohibited permanently. In Maryland, spat would be planted on harvest-
reserve and special-management areas later in the 10-year introduction period; only selective 
                                                 
 
19 The baseline Bay-wide population of market-size Eastern oysters in 2004 was estimated to be 809 million 
(Attachments 3 (addendum) and 7 of Appendix A). 
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harvesting would be allowed in those areas.  In the mainstem of the Potomac River, all spat 
would be planted on open-harvest areas. Spat would be planted at concentrations ranging from 
one million to five million per acre. Differences in the number of spat to be planted per acre are 
based on salinity-dependent differences in the natural mortality of hatchery-reared spat and 
different management objectives for sanctuaries and open-harvest areas. In each management 
region, seed would be planted on a given bar several times over the 10-year period. As a result, 
the total number of acres to be planted with spat at some bars would exceed the current total size 
of the bars.  The representative implementation plan calls for planting Suminoe oyster seed on 
bars with existing suitable habitat and, therefore, does not include habitat rehabilitation for those 
bars.  Effort to restore the native oyster, which includes effort to rehabilitate oyster habitat, 
would continue at current levels, as described in Section 4.1.2, and current regulations on harvest 
would apply.  Suminoe oysters planted on open-harvest bars in the Potomac River would become 
available for harvest when they reached market size, and those planted on harvest-reserve and 
special-management bars would become available when those locations were opened to 
harvesting.  Suminoe oysters would become more generally available for harvest after spat 
planted on sanctuary bars reached sexual maturity and produced progeny that settled on 
harvestable bars and grew to market size.  


 


 
The Suminoe oyster spat to be used in the introduction would be produced using the 


existing brood stock being maintained at hatcheries in Maryland and Virginia, whose origin was 
described in detail in Section 1.4.  The stock is more than 
three generations removed from the original Oregon stock.   
The VIMS Department of Environmental and Aquatic 
Animal Health has certified that spat produced from the 
brood stock after the first generation are free of any exotic 


pathogens (S. Allen, VIMS, pers. comm.); therefore, the Chesapeake Bay brood stock meets the 
requirements of the ICES protocol specified in the proposed action.   


Table 4-2.  Representative plan for introducing Suminoe oysters in Chesapeake Bay; 
figures represent number of spat placed in the three salinity zones(a) within 
each state, each year, over a 10-year period.  


Maryland Virginia 
Year 


Low Medium High(b) Low Medium High 
Total Spat 


1 303,000,000 0 0 5,000,000 25,000,000 70,000,000 403,000,000
2 453,000,000 0 0 5,000,000 35,000,000 110,000,000 603,000,000
3 693,000,000 60,000,000 0 40,000,000 65,000,000 145,000,000 1,003,000,000
4 873,000,000 130,000,000 0 40,000,000 65,000,000 145,000,000 1,253,000,000
5 1,053,000,000 200,000,000 0 40,000,000 65,000,000 145,000,000 1,503,000,000
6 1,493,000,000 260,000,000 0 40,000,000 65,000,000 145,000,000 2,003,000,000
7 1,779,000,000 274,000,000 0 40,000,000 65,000,000 145,000,000 2,303,000,000
8 1,779,000,000 274,000,000 0 40,000,000 65,000,000 145,000,000 2,303,000,000
9 1,779,000,000 274,000,000 0 40,000,000 65,000,000 145,000,000 2,303,000,000


10 1,779,000,000 274,000,000 0 40,000,000 65,000,000 145,000,000 2,303,000,000
(a) The low, medium, and high salinity zones correspond generally to oligohaline (0.5 to 5 ppt), mesohaline (5 to 18 ppt), 


and polyhaline (18 to 30 ppt) zones used in the Ecological Risk Assessment (Section 3.4 of Appendix B).  
(b) No spat were allotted to high-salinity areas in Maryland because there are no sanctuary, harvest-reserve, or special-


management bars in those areas. 


The Chesapeake Bay brood stock of 
Suminoe oysters is certified to be free 
of exotic pathogens.  
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Despite the availability of a suitable stock, lack of sufficient hatchery production capacity 
could constrain the States’ ability to implement the introduction plan as described.  Producing 
the 400 million spat proposed in year 1 of the introduction plan would require producing about 4 
billion eyed larvae and 40 billion eggs, which would require 
about 4,000 females and, thus, a minimum of about 8,000 
diploids.  Increasing production to 2 billion spat to supply the 
introduction plan in year 6 would require a brood stock about 
5 times larger than the current stock (S. Allen, VIMS, pers. 
comm.).  A sufficient number of diploids might be available 
between the stocks being maintained in Maryland and Virginia; however, producing 2.3 billion 
spat would require about 23 billion eyed larvae, which is about the maximum production 
capacity of the University of Maryland’s soon-to-be-expanded hatchery at Horn Point (Section 
4.0 of Appendix C).  Unless all of the existing hatchery capacity were to be devoted to producing 
Suminoe oysters, implementing the proposed action as suggested in the introduction plan might 
require expanding existing hatcheries or constructing additional oyster hatcheries in the Bay 
watershed. No biosecurity would be required at such new hatcheries because the proposed action 
is to introduce diploid, reproductively viable oysters.  Another potentially less expensive 
possibility would be to purchase Suminoe oyster spat from hatcheries outside of the Bay area 
(i.e., from Taylor Shellfish in Oregon). Any imported spat would have to meet ICES protocols 
for introducing a nonnative species.  


 
The likelihood that an introduction would result in expansion and growth of a population 


of Suminoe oysters throughout the Bay would depend on the relative importance of positive 
factors (primarily disease resistance and higher growth rate) and negative factors (primarily 
susceptibility to predation, competition with the Eastern oyster, continuing loss of hard-bottom 
habitat, and vulnerability to infection by Bonamia) that could influence the species in 
Chesapeake Bay.  Details concerning all the factors that could influence the outcome of the 
proposed action provide some basis for informed judgment about the likelihood of successfully 
establishing a self-sustaining population of Suminoe oysters in Chesapeake Bay. 


 
4.1.1.1 Factors that Favor a Successful Introduction 


 
Resistance to Disease – The most important of the Suminoe oyster’s characteristics 


considered to favor a successful introduction is the species’ ability to survive when exposed to 
Dermo and MSX.  Information on this trait is available from a wide range of studies, some of 
which were designed specifically to consider disease issues and many others in which 
observations about disease were ancillary to the primary objective of the study.   


 
Salinity is a major factor in determining whether oysters become infected with Dermo or 


MSX and the level of intensity of disease (Section 1.2).  Both diseases are more virulent at 
higher salinities.  The likelihood that disease will kill an oyster is influenced by many factors 
besides disease intensity.  An oyster living in ideal conditions (i.e., with adequate dissolved 
oxygen and abundant food) may be able to survive despite a substantial infection, whereas an 
oyster with a less intense infection might succumb quickly if exposed to an environmental 
stressor such as prolonged hypoxia.  Disease can also affect other biological characteristics of an 
oyster.  For example, diseased oysters generally exhibit slower growth rates than healthy oysters.  


Lack of sufficient hatchery capacity 
could constrain the States’ ability to 
implement the proposed action as 
currently planned.  
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Such effects and interactions are evident in results of the studies summarized here and must be 
considered in interpreting those results. 


  
Calvo et al. (2000) conducted a field study in which triploid Suminoe oysters were placed 


together with diploid Eastern oysters in waters with salinities ranging from less than 15 ppt to 
greater than 25 ppt.  They found that although 100% of the diploid Eastern oysters harbored 
Dermo across all the salinities, only about 33% of the triploid Suminoe oysters were infected.  
The intensity of Dermo infection within an individual oyster also was greater among the diploid 
Eastern oysters than among the triploid Suminoe oysters.  Seventeen percent of the Eastern 
oysters (97 of 567) experienced heavy infections, but none of the Suminoe oysters (0 of 708) had 
heavy infections.  Eastern oysters had a much greater rate of mortality at low-salinity sites (81%) 
than Suminoe oysters (14%).  At sites ranked as medium and high salinity, cumulative mortality 
was 16% for Suminoe oysters and 100% for Eastern oysters at the end of the experiment (Calvo 
et al. 2000). The results of these studies may have been compromised by the fact that the 
Suminoe oysters were obtained directly from a disease-free hatchery, but the Eastern oysters had 
been maintained in ambient waters where they may have been exposed to Dermo prior to the 
study.  In studies in the Rhode River (salinity 6 to 12 ppt) in Maryland, Breitburg and Hines 
(2007) found that triploid Suminoe oysters could acquire Dermo infections from infected Eastern 
oysters and that disease intensity was greater among Eastern oysters than among Suminoe 
oysters placed in the same environment.  Paynter (2007) found the prevalence of Dermo to be 
similar among Suminoe and Eastern oysters at three of four sites he studied. The York River site 
had the highest mean salinity (13.7 ppt) compared to sites on the Severn (6.1 ppt), Choptank (7.9 
ppt), and Patuxent rivers (8.5 ppt). Only at the York River site did Eastern oysters experience 
more than three times the prevalence of Dermo observed among Suminoe oysters.   


 
 In their native waters of China and Japan, Suminoe oysters harbor infections of the 
parasite that causes Dermo and another parasite of the same genus at levels of prevalence up to 
100% (Moss et al. 2007).  Neither parasite has been specifically identified to cause mortality 
among any oysters in Asian waters.  A group of triploid Suminoe oysters that apparently were 
infected at low prevalence during a very brief exposure in Virginia waters, however, developed 
fatal Dermo infections when subsequently maintained under experimental laboratory conditions 
(Moss et al. 2006).  The authors concluded that the stress of being held in an unnatural aquarium 
environment for 5 months combined with experimental manipulation may have promoted the 
development of the intense Dermo infections that killed the oysters.   Dungan et al. (2007) 
reported that diploid Suminoe oysters acquired Dermo infections when reared in water from the 
Chesapeake Bay in Maryland.  The findings of most studies suggest that although the Suminoe 
oyster is susceptible to infection by Dermo, the disease does not cause significant mortality 
among Suminoe oysters under most conditions, including in high-salinity waters where the 
disease is most virulent for the Eastern oyster.  The Suminoe oyster can generally be 
characterized as being relatively resistant to Dermo (C. Dungan, DNR, pers. comm.). 
 
 In the study reported by Calvo et al. (2000), MSX was absent in Suminoe oysters at all 
salinities studied (mean salinity ranged from 6.1 ppt to 13.7 ppt). The maximum prevalence of 
MSX at any field site in one study was 25% for Eastern oysters and 0% for Suminoe oysters.  
Vasta et al. (2006) found similar patterns in Chesapeake Bay.  MSX was not detected in Suminoe 
oysters from Asia (Moss et al. submitted 2007).  Suminoe oysters appear to be highly resistant to 
MSX at all salinities studied (C. Dungan, DNR, pers. comm.). 
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 The preponderance of findings to date (i.e., the last 6 years) suggests that neither MSX 
nor Dermo kills Suminoe oysters under most conditions (http://chesapeakebay.noaa.gov/docs 
/AriakensisQuarterlyReviewSpring2005.pdf).  Many of the tests that provided data were field 
tests of triploids in confined deployments (typically not on-bottom) or diploids grown in 


laboratory conditions; therefore, no information is 
available to determine if Suminoe oysters growing 
on the bottom of the Bay in a potentially stressful 
environment might experience greater rates of 
infection or mortality. 


  
Faster Growth Rates – A second favorable attribute of the Suminoe oyster is its rapid 


growth.  The Suminoe oyster’s rapid accumulation of biomass may contribute to reproductive 
development that is earlier and results in greater fecundity 
than the reproductive development of the Eastern oyster 
(Section 4.2.2.2 of Appendix B), which could hasten the 
growth of a population.  Information on growth rates of 
Suminoe oysters is available from trials with triploid 
Suminoe oysters in the Bay and from studies of diploids in 
the laboratory.  During indoor mesocosm studies that used ambient water from the Choptank 
River in Maryland (Newell 2005), diploid Suminoe oysters and diploid Eastern oysters held in 
single-species treatments grew (i.e., the length of their shells increased) at similar rates during 
the summer, within 3 months after settlement; however, at 3 to 6 months and 6 to 9 months after 
settling, Suminoe oysters grew up to 9 times faster (1.8 mm2/day and 0.85 mm2/day) than 
Eastern oysters (0.2 mm2/day and 0.1 mm2/day).  Diploid Suminoe oysters also appear to reach 
reproductive maturity earlier.  After one year of growth in a mesocosm, 67% (16 of 24) of the 
Suminoe oysters sampled had numerous male follicles containing sperm; however, no 
gametogenesis was observed among Eastern oysters of similar age (Newell et al. 2008). 


 
Triploid forms of both oyster species grow faster than diploids because energy that would 


be allocated toward gonad development in diploids is shunted to growth in triploids.  Harding 
(2007) studied the growth of triploid Suminoe and Eastern oysters in a flume fed with unfiltered 


water from the York River.  Triploid Suminoe oysters grew 
faster, attaining the Virginia market size of 76 mm in 1.1 
years compared to 1.2 years for triploid Eastern oysters.  
Similar patterns were found in field trials in Chesapeake Bay 
to evaluate the commercial potential of each oyster; triploid 


Suminoe oysters outgrew triploid Eastern oysters at all sites (Allen and Hudson 2007; Allen 
2008). This pattern was most notable on the York River, where Suminoe oysters measured 180 
to 190 cm in shell height20 after 2.5 years, and Eastern oysters were 110 to 120 cm long (Paynter 
et al. 2008).  In studies comparing the growth rates of disease-resistant triploid Eastern oysters 
and triploid Suminoe oysters from 10 farms in the VSC, triploid Suminoe oysters experienced 
cumulative growth similar to that of Eastern oysters (40-60 mm v. 40-45 mm) despite having 
been deployed 2 to 3 months after the Eastern oysters (Allen and Hudson 2007; Allen 2008).  
Those studies also showed that triploid Suminoe oysters (55 mm) outgrew triploid (38 mm) and 
                                                 
 
20 The term “shell height” is used to refer to the length of the oyster shell from hinge to front edge. 


Studies to date confirm that the Suminoe oyster is 
generally resistant to MSX and Dermo over a wide 
range of salinities.  


Preliminary data indicate that diploid 
Suminoe oysters grew nearly twice as 
fast and reached sexual maturity 
earlier than Eastern oysters in a 
mesocosm study.  


The Suminoe oyster grows over a 
greater portion of the year than the 
Eastern oyster.  
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diploid (30 mm) Eastern oysters during a period of 8 to 10 months (averaged across 9 sites).  
Growth of the two species also differed seasonally.  For Eastern oysters, 50% of growth occurred 
during the summer.  The growth of Suminoe oysters was distributed more evenly across seasons 
(Allen and Hudson 2007; Allen 2008).  


 
VSC trials with Suminoe oysters provided a substantial amount of additional growth data.  


The VSC distributed 100,000 triploid Suminoe oysters and 10,000 triploid Eastern oysters to 
each of 8 participants in the fall of 2003.  Salinity varied among the locations, and growth tended 
to increase with salinity (Woodworth et al. 2005).  After 
18 months at low salinity, the average shell height of 
Suminoe oysters was between 83 and 89 mm, and triploid 
Eastern oysters measured from 51 to 75 mm.  Average 
shell height at medium salinity was 88 to 125 mm for 
Suminoe oysters and 70 to 75 mm for Eastern oysters.  At 
the highest salinity, Suminoe oysters measured 140 to 161 mm, and Eastern oysters measured 78 
to 88 mm.  The Eastern oysters grew most during the summer, but the Suminoe oysters grew 
consistently throughout the fall, spring, and summer.  The greatest meat weight was observed at 
the highest-salinity sites, where meat weight ranged from 4 to 14 g for Eastern oysters and from 
20 to 72 g for Suminoe oysters.  


 
Luckenbach et al. (2008) studied on-bottom growth of caged triploid Eastern and 


Suminoe oysters in four Chesapeake Bay tributaries with varying salinities:  the Machipongo and 
York rivers in Virginia and the Patuxent and Severn rivers in Maryland.  Growth rates among the 
Eastern oysters were similar in the York, Patuxent, and Severn rivers (40-50 mm shell height 
after 8 months) but lower at the intertidal site in the Machipongo River (20-30 mm).  The rate of 
growth among Suminoe oysters increased with increasing salinity (again with the exception of 
the intertidal site), and the fastest growth was observed at the site with the highest salinity (i.e., 
York River, 70-80 mm after 8 months).  Although Suminoe oysters grew faster than Eastern 
oysters at most sites (e.g., Patuxent River, 90-100 mm for Eastern oysters and 100-110 mm for 
Suminoe oysters after nearly 2 years), the growth rates of the two species were most similar at 
the site with the lowest salinity (i.e., Severn River, 100 mm for both after nearly 2 years).  Field 
studies in North Carolina estuaries showed that Suminoe oysters do not grow at salinities of less 
10 ppt (Grabowski et al. 2004; Peterson 2005).  At intermediate salinities ranging from 15 to 25 
ppt, Suminoe oysters grew 24.5% faster than Eastern oysters, but the two species had similar 
survivorship rates (Grabowski et al. 2004).  In contrast to the results of the studies in the 
Chesapeake Bay, Scarpa et al. (2008) showed that, in a subtropical environment, 1- to 2-year old 
diploid Suminoe oysters of the 2004 cohort had an instantaneous growth rate similar to that of 
Eastern oysters of the same cohort, except in December, when instantaneous growth of Eastern 
oysters was greater.   


 
Relative growth patterns of Eastern and Suminoe oysters differ when space is limited, as 


illustrated in a series of studies conducted near Belle Island, Virginia (Luckenbach 2006). 
Oysters were grown in outdoor, flow-through aquaria at constant 
densities (1, 10, 20, and 50 spat per 100 cm2) but varying 
proportions of each species.  Growth was measured as increasing 
biomass (i.e., milligrams of ash-free, dry weight of tissue), and the 


Triploid Suminoe oysters grow faster than 
diploid and triploid Eastern oysters across 
a gradient of salinity; the greatest 
difference in growth rate is apparent at 
higher salinities.  


Growth rates of both species 
decline with increasing 
densities of settlement. 
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superior competitor for space was defined as the species that grew faster during the 6-month 
study.  In single-species assemblages, the growth rates of both species declined as density 
increased, but diploid Suminoe oysters (0.39 mg/day) grew even more slowly than diploid 
Eastern oysters (0.51 mg/day).  Growth rates of both species declined even further when they 
were grown together.  This pattern was particularly strong at high densities.  For example, when 
25 oysters of each species were grown together on a 100-cm2 tile, Suminoe oysters grew at the 
rate of approximately 0.22 mg/day and Eastern oysters at 0.28 mg/day (Luckenbach 2006).   


 
The preponderance of studies confirm that the Suminoe oyster grows faster than the 


Eastern oyster in high-salinity waters and that the faster growth rate is attributable, in part, to 
continuing to grow over a longer portion of the year.  The Suminoe oyster’s growth rate 
“advantage” is not as apparent at lower salinities. Disease affects growth rates, and the disease 
resistance of the Suminoe oyster could have contributed to the growth patterns observed in some 
comparative studies.  If their faster rate of growth causes Suminoe oysters to reach sexual 
maturity earlier than Eastern oysters, as suggested in the mesocosm studies, the Suminoe oyster 
could have a shorter generation time that would contribute to more rapid population growth than 
is typical for the Eastern oyster. 


 
Relative Settlement Success – The mortality of Suminoe oyster larvae after settlement 


appears to be lower than for Eastern oyster larvae.  Newell et al. (2008) found that mortality 
during the period following settlement was lower among Suminoe oysters (55%) than among 
Eastern oysters (80%) in a mesocosm setting, even though predation pressure (from flatworms, 
but in the absence of crabs) was about the same. Greater survival of Suminoe spat would favor 
the success of a population of Suminoe oysters in the Bay. 
 


Tolerance to Salinity – Preliminary evidence indicates that the Suminoe oyster is capable 
of growing and reproducing over the same wide range of salinities as the Eastern oyster (5 to 35 
ppt; NRC 2004).  The species would be capable of becoming established at all existing oyster 
habitat in the Chesapeake Bay, which would favor the success of an introduction.  In 
experiments in hatcheries in Maryland and Virginia, Suminoe oysters spawned at salinities from 
5 ppt (only a single male) to 20 ppt.  No spawning occurred at 27 ppt, and no tests were done at 
salinities between 20 and 27 ppt (Merritt et al. 2007).  Breese and Malouf (1977) studied growth 
of spat at salinities ranging from 10 to 30 ppt.  They found that the growth rate at 20 ppt was 
twice the growth rate at 10 and 30 ppt.  Laboratory studies by Langdon and Robinson (1996) 
showed that salinities of 15 and 20 ppt resulted in the highest number of larvae setting on 
substrate.  Larval setting was lower at 25 to 30 ppt set, and no larvae set at 35 ppt.  They did not 
test setting at salinities less than 15 ppt.   


 
4.1.1.2 Factors that Could Constrain the Success of an Introduction 
 


Habitat Availability – Sediment that is washed into the Chesapeake Bay can cover reefs 
or other hard-bottom substrates, thereby reducing the amount of available habitat upon which 
oyster larvae can settle (Smith et al. 2005). Another significant factor contributing to habitat loss 
is deterioration of old oyster shell.  In preliminary analysis of data from the James River, Mann 
(2007a) found that the annual rate of shell loss from 1999 to 2006 was on the order of 20%; rates 
during some years were as high as 30% to 50%.  Old shell deteriorates as a result of 
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disarticulation, bioerosion, breakage, and dissolution (Powell et al. 2006). Sedimentation and 
deterioration of shell together are reducing existing hard-bottom habitat in Chesapeake Bay 
faster than the remaining population of Eastern oysters can produce new shell.  The result is a 
severe and continuing decline in the area of suitable habitat for settlement of oyster larvae. 


 
Oyster grounds in Chesapeake Bay once encompassed more than 450,000 acres.  The 


Yates Survey (1911) and the Maryland Bay Bottom Survey (1985) charted about 215,000 acres 
of historic oyster grounds in Maryland.  The Baylor Survey (1894) charted 243,000 acres of 
historic oyster grounds in Virginia.  Only about half of those historic oyster grounds are believed 
to have been productive oyster habitat because the original reefs were interlaced with patches of 
mud and sand.  New acoustic techniques for surveying the bottom of the Bay suggest that less 


than 1% of Maryland’s historic oyster grounds can be 
classified as clean or lightly sedimented shell.  Most 
of the substrate that is suitable for settlement of oyster 
larvae is within areas where the State has planted 
shell recently.  The recent rate of decrease in the area 
of oyster habitat in the Bay and the methods for 
deriving that estimate are described in Attachment 1 
of Appendix A.  Between the Maryland Bay Bottom 


Survey (1978 to 1983) and recent surveys (1999 to 2000; Smith et al. 2005), the amount of 
habitat on sampled bars had declined by nearly 70%, or about 3.5% per year. The current (2004) 
area of oyster habitat in the Bay is estimated to be 76,030 acres (Attachment 1 of Appendix A).  
Assuming that the rate of loss on the 18 bars sampled between 1999 and 2001 is representative 
of the rate of loss of habitat throughout the Bay, approximately 2,661 acres are lost each year.  
There is no reason to believe that this rate of decrease has slowed.   


 
Oyster larvae settle on clean shell at much greater rates than on shell that has deteriorated 


or been covered with silt.  Smith et al. (2005) demonstrated that the effectiveness of replenishing 
shell (i.e., habitat rehabilitation) for increasing oyster 
recruitment declines over time.  They found that the spaces 
between shell deployed on the bottom were covered with 
sediment after only 5.5 years, and conditions in replenished areas 
were nearly identical to those on adjacent, untreated bars.  This 
pattern could limit the effectiveness of effort to rehabilitate 
habitat unless the new shell is colonized by spat and a growing 
oyster population produces new shell faster than the local rate of sedimentation. 


 
The continuing loss of hard-bottom habitat is an overarching constraint on the likelihood 


of increasing the oyster population in Chesapeake Bay, 
whether by introducing the Suminoe oyster or by imple-
menting any of the other alternatives evaluated in this 
PEIS.   The consequence of the continuing loss of habitat 
for the success of the proposed action is that progeny of 
introduced Suminoe oysters would have decreasing 
amounts of hard substrate on which to settle, which could 
limit the magnitude and geographical extent of any 


Sedimentation and deterioration of old shell are 
reducing oyster habitat in Chesapeake Bay 
faster than the remaining population of Eastern 
oysters can produce new shell.  Oyster habitat 
in the Bay is decreasing at an estimated rate of 
3.5% (about 2,700 acres) per year. 


The benefits of planting shell to 
rehabilitate habitat are temporary 
and short-lived unless the new 
shell is colonized by spat, and 
oyster growth is substantial. 


The continuing loss of oyster habitat in 
the Bay will decrease the area of 
settlement substrate available to the 
progeny of introduced Suminoe oysters, 
which could limit the magnitude and 
geographical extent of expansion of an 
introduced population.  
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expansion of the introduced population.  Once established, a population of Suminoe oysters 
might enhance the availability of shell substrate for both species of oyster because of its 
potentially greater survival and faster growth rate.  Mann and Powell (2007) noted, however, that 
the longevity of Suminoe oyster shell in the Chesapeake Bay is not known; furthermore, the time 
required for the rate of shell production by an introduced population of Suminoe oysters to 
exceed the rate of habitat loss cannot be estimated.     


 
Genetic Bottleneck – The reduced genetic diversity of the Chesapeake Bay stock of 


Suminoe oysters (Section 2.3.1) could adversely affect the species’ ability to survive and prosper 
over the long term in the variable environment of Chesapeake Bay.  Wild populations generally 
contain individuals with a wide range of genetic traits that are the product of many generations of 
natural selection in a dynamic environment.  Such genetic diversity allows some individuals to 
survive changes in environmental conditions or exposure to 
pathogens, even if those events cause large-scale mortality.  
Lack of genetic diversity can negatively affect the viability of 
a population because the small founder population may not 
carry all of the traits needed to survive extreme changes in 
environmental conditions over the long term.  Insufficient 
genetic diversity could reduce the ability of the Suminoe 
oyster population to adapt to novel conditions after the 
species has become established; that is, the small size of the 
founder population could cause an introduced population to fail many years after an apparently 
successful introduction.  The stock of Suminoe oysters held at VIMS hatchery, which is 
descended from the Oregon stock, showed some reduction in genetic variation and diversity in 
comparison to wild specimens, which is consistent with the concept of a genetic bottleneck 
(Section 2.3.1).  Loss of genetic variability among stocks of aquaculture species that have been 
isolated from natural populations can occur even in the first hatchery generation (Verspoor 
1988). This is probably due to the relatively small number of parents used for spawning in 
hatcheries (Reese and Allen 2004).  Similar results were reported by Zhang et al. (2005). 


 
No data are available to support or refute this concern; however, if a genetic bottleneck 


exists, it could decrease the probability of success of an introduction effort.  Additional 
individuals could be imported from China to resolve this issue, if the imported oysters could 
meet the requirements of ICES protocol as specified in the proposed action.  Zhang et al (2005) 
suggested that results of their studies of the genetics of the Suminoe oyster reinforce the need to 
supplement hatchery stocks regularly with new stock from wild populations to maintain 
genetically healthy hatchery stocks and avoid inbreeding depression and the loss of genetic 
variability. The number of additional oysters required to reduce the potential of a genetic 
bottleneck and the origin of those oysters has not been determined. 


 
Response to Low Dissolved Oxygen – Dissolved oxygen in the water column is essential 


for respiration, and estuarine species exhibit a range of vulnerability to decreasing concentrations 
of dissolved oxygen (i.e., hypoxia).  Juvenile Suminoe oysters are much more vulnerable than 
juvenile Eastern oysters to hypoxic and anoxic conditions.  Prolonged exposure (144 hours) to 
anoxic water caused 100% mortality of Suminoe oysters but only 51% mortality of Eastern 
oysters (Matsche and Barker 2007).  Similar patterns were observed after 192 hours of exposure 


The reduced genetic diversity of 
Suminoe oysters descended from the 
Oregon stock may make an introduced 
population vulnerable to environmental 
fluctuations in Chesapeake Bay and 
decrease the probability of success of 
the proposed action.  
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to decreasing levels of dissolved oxygen.  These studies were conducted in warm water (30°C), 
which holds less oxygen in solution; therefore, the studies represent worst-case scenarios.  A 


study by Harlan and Paynter (2007) found similar 
differences in hypoxic mortality between Eastern 
and Suminoe oysters at temperatures of 10°C and 
20°C. In another study, Suminoe oysters exhibited 
greater mortality than Eastern oysters at oxygen 
saturations of 0%, and in treatments in which 


oxygen saturation decreased from 20% to 13%, and from 10% to 6% (Matsche and Barker 
2007).  The researchers attributed species-specific differences in tolerance for hypoxia to the 
tendency of Suminoe oysters to gape (i.e., allow their shells to remain open) during hypoxic or 
anoxic conditions.  Eastern oysters were able to keep their shells closed under those conditions.   
This difference between the two species suggests that the Suminoe oyster might not successfully 
colonize some areas of suitable substrate located in deeper waters in the Bay, where intermittent 
hypoxia is common. 


 
Response to Exposure at Low Tide – Sessile organisms living at the margin of the land-


sea interface are faced with a unique set of challenges.  There, in the intertidal zone, organisms 
spend part of the day under water and part of the day exposed to air in an alternating cycle that is 
determined primarily by the gravitational pull of the moon.  The duration and amplitude of this 
diurnal cycle varies throughout the month.  During high tide, submersion in water provides 
access to food for suspension-feeding bivalves such as oysters but also increases susceptibility to 
aquatic predators, such as blue crabs and oyster drills.  Exposure to the air during low tide means 
separation from their only food source and exposure to the heat and desiccation of the sun and to 
non-aquatic predators, such as birds.  


 
A series of experiments examined relative rates of survival and growth of Suminoe oyster 


spat and Eastern oyster spat under simulated intertidal conditions during the spring (Luckenbach 
and Kingsley-Smith 2006).  Suminoe oysters grew about 17% 
faster than Eastern oysters at subtidal elevations and survived 
well only in the subtidal during the 5-week experiment.  This is 
consistent with natural patterns of distribution in the native 
habitat of the Suminoe oyster in China, where it is limited to 
subtidal habitats (Guo et al. 2007).  Overall, Eastern oysters 
exhibited greater rates of survival than Suminoe oysters in both 
the intertidal and subtidal zones (Luckenbach and Kingsley-
Smith 2006).  A field experiment conducted by Bishop and Peterson (2006) found that faster 
growth in a subtidal environment was evident, but only during the winter.  During the spring, 
triploid Suminoe oysters grew 34% faster (initial size = 29.9 mm) in the intertidal zone than in 
the subtidal zone. Bishop and Peterson concluded that the difference was due to the lower 
incidence of fouling in the intertidal (21%-38% of shells fouled) than in the subtidal (94% of 
shells fouled).  Fouling by other suspension feeders evidently reduced the growth of Suminoe 
oysters in the subtidal zone through localized competition and increased energetic costs, 
illustrating that factors beyond simply presence in intertidal or subtidal areas can affect how 
Suminoe oysters may respond.   


 


The Suminoe oyster’s vulnerability 
to stress in intertidal conditions 
could limit its success in colonizing 
the limited portion of the Bay’s 
oyster habitat that is in the 
intertidal zone.  


The Suminoe oyster’s relative inability to tolerate 
hypoxia suggests that the species might not be 
able to colonize some areas of available substrate 
in deeper waters of the Bay.  
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Luckenbach et al. (2008) compared the survival of caged spat on shell of both species 
deployed on the bottom at an intertidal site.  The starting density of both species was 
approximately 400 oysters/m2.  After 10 months, they found that the density of live oysters 
ranged from 0 to 50/m2 for triploid Suminoe oysters and from 50 to 100/m2 for triploid Eastern 
oysters at the intertidal site. Survival of both species was greater at the subtidal sites (100-250 
survivors/m2 and 150-300 survivors/m2 for Suminoe and Eastern oysters, respectively).  The 
authors attributed mortality at all sites for both species to early post-settlement predation and 
handling stress.  Growth was reduced at the intertidal site, where mean shell height was 80 to 
90 mm for triploid Suminoe oysters and 50 to 60 mm for triploid Eastern oysters after 10 
months.  This reflects slower growth than at the subtidal sites, where mean shell height ranged 
between 90 and 110 mm for Suminoe oysters and between 90 and 100 mm for Eastern oysters.  
The authors attributed growth differences to reduced opportunity for feeding and physiological 
stress associated with living in the intertidal zone.   Although the total area of oyster habitat in 
intertidal portions of Chesapeake Bay is very limited, the Suminoe oyster’s vulnerability to stress 
in those areas could limit the species’ success in that proportion of the Bay’s oyster habitat.   


 
Reproductive Interference due to Gamete Competition with the Eastern Oyster – 


Spawning interactions between Suminoe and Eastern oysters could adversely affect the growth 
and dispersal of an introduced population of the Suminoe oyster.  The time of spawning of the 
two oyster species overlaps, and each species appears to be able to induce the other to spawn.  
Oysters are broadcast spawners, and their gametes commingle and fuse in the water column.  If 
two species from the same genus spawn synchronously in the same location, their gametes may 
fuse and develop into hybrid offspring.  This creates a situation in which the gametes of one 
species compete with those of another species for its own opposite-sex gametes.  About 10 times 
more sperm is needed to successfully fertilize a congeneric than a conspecific; consequently, the 
likelihood of cross-fertilization decreases as gametes are diluted. Although gametes of Suminoe 
and Eastern oysters can form hybrid offspring, they are not viable and die after 8 to 10 days 
(Allen et al. 1993; Meritt et al. 2006).  The result is a net loss of functional gametes and a 
potential population-level reproductive loss called a “gamete sink.”   


 
Eastern oysters may have a small advantage over Suminoe oysters in gamete competition.  


In laboratory studies, Eastern oyster sperm were more likely to fertilize Suminoe oyster eggs 
than vice versa (Bushek et al. 2007).  Yet for Eastern 
oysters, the gamete sink still reduced the rate of fertilization 
by conspecifics in this study by as much as 50% (Bushek et 
al. 2007).  The population that is locally more abundant, 
which would be the Eastern oyster on all bars except those 
where Suminoe oysters were planted, would have a greater 


effect on the smaller population because of the greater number of gametes produced; therefore, 
Suminoe oysters would have an advantage on the bars where they are introduced and would be 
disproportionately negatively affected on bars to which the population dispersed during the 
initial stages of an introduction program.  This situation would reverse only if the Suminoe 
oyster population were to become much larger than the Eastern oyster population.  The faster 
growth rate of the Suminoe oyster could be important because fecundity increases with size 
among oysters.  Gregarious setting behavior could increase the likelihood of reproductive 
interference between the species because young oysters that are likely to be male would be 


If both species occur on a bar, 
reproductive interference could 
constrain the growth of an introduced 
population of Suminoe oysters.  
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attached to older adults that are likely to be female.  Given the many factors that could influence 
spawning success, it is not possible to predict how these interactions would affect the population 
of either species over time, or the extent to which this phenomenon could constrain the rate of 
growth of an introduced population of the Suminoe oyster (Section 4.2.2.3 of Appendix B).   


 
Competition with the Eastern Oyster for Food – Oysters are suspension-feeding bivalves 


that filter organic particles, primarily phytoplankton, from the water column (Newell and Jordan 
1983).  Suspension-feeding bivalves possess the ability to sort 
captured particles and select which particles to ingest 
(Jorgensen et al. 1986).  Rejected particles may be deposited 
as pseudofeces on the bottom.  In-depth studies have examined 
the diet and particle-selection behavior of the Eastern oyster 
(Newell and Jordan 1983; Shumway et al. 1985); however, no 
similar field or laboratory studies have been conducted to identify the Suminoe oyster’s preferred 
diet, the size or biovolume of phytoplankton it typically consumes, or its ability to take up other 
suspended solids (e.g., bacterioplankton).  Laboratory studies conducted for aquaculture 
purposes have found that Eastern and Suminoe oysters consumed similar algal diets (diatoms and 
flagellates) provided in culture (Langdon and Robinson 1996).   


 
A whole host of factors can influence feeding rates, including oyster size, water 


temperature, salinity, dissolved oxygen concentration, algal concentration, and algal nutritional 
quality (Cerco and Noel 2005b and references therein).  Preliminary laboratory experiments 
indicated that size-specific filtration rates are similar among Eastern and Suminoe oysters grown 
at ambient seston levels (8-12 mg/l) and 23ºC (NRC 2004, pers. comm. from Newell cited in 
Bean et al. 2006).  This is consistent with previous reports that size-specific filtration rates are 
similar for most marine bivalves (Powell et al. 1992).  


 
The amount of food available to oysters in the Bay as a whole is unlikely to limit 


populations in the near future because of nutrient enrichment (i.e., eutrophication) caused by 
development within the watershed; however, the concentration of phytoplankton in the Bay is 
spatially and temporally patchy, which could lead to different growth patterns for oysters located 
in different parts of a bar or basin.  Suminoe oyster larvae that set on bars occupied by larger and 
more abundant Eastern oysters could experience some degree of competitive disadvantage in 
using available food resources, which might constrain their growth. 


 
Relative Response to Harmful Algal Blooms – The two species appear to respond 


somewhat differently to harmful algal blooms (HABs); the Suminoe oyster appears to be 
adversely affected by some species of algae that do not adversely affect the Eastern oyster.  


Harmful algal blooms in Chesapeake Bay are 
composed of different species that proliferate under 
particular environmental conditions.  Spawning of 
Eastern oysters in the Bay coincides with the time 
during which two species of “bloom algae,” 


Karlodinium veneficum and Prorocentrum minimum, are most abundant.  K. veneficum is most 
abundant at salinities between 7 and 17 ppt and at surface water temperatures greater than 13ºC, 
although it can occur over a salinity range of 3 to 29 ppt and a temperature range of 7ºC to 28ºC 


The availability of food is unlikely to 
be a limiting factor for the growth of 
the Suminoe oyster population, 
except on a very local scale.  


Suminoe oysters appear to be more vulnerable 
than Eastern oysters to the adverse affects of 
some bloom algae in the Bay.  
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(Li et al. 2000).  P. minimum can grow over wide gradients of temperature and salinity but is 
most abundant between 12ºC and 22ºC and 5 to 10 ppt salinity (Tango et al. 2005).  Gilbert et al. 
(2008) studied new shell growth of spat being fed different algal diets during a period of 96 
hours. Eastern oyster spat grew 1.3 to 1.4 mm when feeding on P. minimum compared to 
Suminoe spat, which grew only 0.9 to 1.0 mm (Gilbert et al. 2008).  Similarly, Brownlee (2006) 
showed significantly greater growth rates for Eastern oyster spat compared to Suminoe oyster 
spat exposed to either P. minimum or K. veneficum.  Acute toxicity tests carried out by Gilbert et 
al. (2007) looked at mortality rates for new, naturally spawned larvae after 48 hours of exposure.  
Both Eastern and Suminoe oysters suffered greater mortality (60% to 80%) when exposed to 
either P. minimum or K. veneficum compared to controls.  Both oysters also experienced 
structural deformation in the larval phase when exposed to K. veneficum.  Gilbert et al. (2008) 
examined the swimming behavior of 2-week-old larvae grown on different species of bloom 
algae for 72 hours.  They found that a diet of P. minimum caused 65.4% of 2-week-old Suminoe 
oyster larvae to stop swimming and settle to the bottom; the swimming behavior of Eastern 
oyster larvae did not appear to be affected. The viability of the larvae that ceased swimming was 
not determined.  Neither species of oyster exhibited swimming behavior when exposed to K. 
veneficum. 


 
 Predation – Juvenile Suminoe oysters appear to be somewhat more susceptible to 
predators than juvenile Eastern oysters.  Nonnative species will encounter an entirely new suite 
of predators in a new environment.  Likely predators of 
Suminoe oysters in Chesapeake Bay include blue crabs, 
mud crabs, drills, flatworms, seastars, ctenophores, and 
some species of birds and fish, such as cownose rays 
(Newell et al. 2007a) and oyster toadfish (Opsanus tau). 
The greater susceptibility of the Suminoe oyster to predation by crabs is due to its weaker shell. 
The shell compression strength of Suminoe oyster shell is 64% less than that of Eastern oyster 
shell.   The Suminoe oyster’s weaker shell makes it more vulnerable to shell-penetrating 
predators (Bishop and Peterson 2005; Newell et al. 2007a), which could limit the growth of a 
population of Suminoe oysters.   In laboratory assays, predation by blue crabs, which are found 
in all salinity zones throughout the Bay, caused 74% mortality among Suminoe oysters compared 
to 45.9% mortality among Eastern oysters (Newell et al. 2007a).  Similar patterns were found for 
predation by 4 species of mud crab, which caused an average of 56.3% mortality among 
Suminoe oysters and 29.7% mortality among Eastern oysters (Newell et al. 2007a).  Size 
selectivity by blue crabs affects rates of predation on the oyster species (Bishop and Peterson 
2006).  Blue crabs consumed 3 times as many Suminoe oysters as Eastern oysters in the 25-mm 
shell-height size class and 8 times as many in the 35-mm size class.  Blue crabs preferred small 
Suminoe oysters over large ones, except when large Suminoe oysters (40 mm) were paired with 
small Eastern oysters (30 mm).  In these trials, blue crabs consumed 7 times more large Suminoe 
oysters than small Eastern oysters (Bishop and Peterson 2006). 
 
 Mortality due to flatworm (Stylochus ellipticus) predation was similar among Suminoe 
and Eastern oysters, averaging 29.8% and 27.9%, respectively (Newell et al. 2007a).  Predation 
by drills (Urosalpinx cinerea) was studied using Y-maze choice studies to determine if the 
chemical cues emitted by Eastern and Suminoe oysters attract predators differentially (Kennedy 
and Newell 2008).  Drills were pre-conditioned by being fed a diet of either Eastern or Suminoe 


Juvenile Suminoe oysters appear to be 
somewhat more susceptible to predators 
than juvenile Eastern oysters.  
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oysters.  Drills were then allowed to choose to move toward water treated with effluent of either 
Eastern or Suminoe oysters.  The study found that drills that were preconditioned with Eastern 
oysters subsequently tended to prefer water treated with Eastern oysters (Kennedy and Newell 
2008).  The authors interpreted these results to suggest that drills use chemical cues to track their 
prey, and that, if the species occur together, drills will be a more important predator of the native 
species.  Similar Y-maze choice studies preconditioned seastars by exposing them to effluent of 
either Eastern or Suminoe oysters.  The seastar Asterias forbesii preferentially selected Eastern 
oysters when offered a choice in laboratory assays, but in the Y-maze choice study, A. forbesii 
showed no significant preference for the effluent of either oyster species (Kennedy and Newell 
2008).   
 
 Preliminary findings suggested that the ctenophore Mnemiopsis leidyi preys upon 10- to 
13-day post-hatch larvae of the Suminoe oyster at a rate 50% greater than the rate at which it 
preys upon Eastern oyster larvae of the same age (Breitburg et al. 2007).  The authors postulated 
that their results may not reflect selectivity by ctenophores, but rather the Eastern oyster’s greater 
ability to evade predation or the similarities between Suminoe oysters and ctenophores in vertical 
distribution in the water column.  Ctenophores have been estimated to consume an average of 
10% to 25% of the oyster larvae available through the summer, and may be able to consume as 
much as 40% to 100% locally at peak ctenophore densities (Breitburg and Fulford 2006).  
 
 The faster growth rate of the Suminoe oyster could enable juveniles to reach larger sizes 
at which they are less susceptible to predation faster than Eastern oysters can. No studies to date, 
however, have investigated whether the positive effect of faster growth would be sufficient to 
balance the negative influence of early susceptibility to predation.  Suminoe oysters also would 
be susceptible to predation by cownose rays, but their relative vulnerability compared to Eastern 
oysters’ vulnerability is not known. 


 
Susceptibility to Diseases other than Dermo and MSX – Suminoe oysters growing in 


Chesapeake Bay could be susceptible to new pathogens that might invade Chesapeake Bay at 
some time in the future.  One such example is Bonamia, a blood parasite known to infect and 


even decimate oyster populations in Australia, New 
Zealand, Europe, and North America.  Recently, this 
parasite appeared in the mid-Atlantic of the United States, 
first around Cape Hatteras and subsequently expanding into 
other portions of North Carolina and southern Florida.  
Hatchery-reared Suminoe oysters transplanted to North 
Carolina for controlled field trials had both high rates of 
infection with Bonamia and high mortality rates among 
individuals of 40 to 50 mm in shell height (Burreson et al. 


2004; Bishop et al. 2006; Carnegie et al. 2008).  Forty-seven percent of Suminoe oysters 
deployed into Bogue Sound, North Carolina, became infected with Bonamia; however, no 
Eastern oysters from Bogue Sound were infected, suggesting that the native oyster is resistant to 
this disease (Burreson et al. 2005).  Carnegie et al. (2008) noted that the effects of Bonamia on 
Suminoe oysters may be greatest at salinities of 25 ppt or more, and moderate to high at 22 to 25 
ppt.  Only at salinities of 18 ppt or less are researchers confident that the effects of Bonamia 


Suminoe oysters are highly vulnerable 
to the disease organism Bonamia.  If 
Bonamia becomes established in 
Chesapeake Bay, it could preclude 
Suminoe oysters from colonizing bars 
in high-salinity areas or decimate 
established populations in those areas.  
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would be minimal.  In general, infections occur at water temperatures greater than 20ºC to 25ºC 
and salinities greater than 25 ppt (Bishop et al. 2006; Burreson et al. 2005).   


 
Vasta et al. (2007) reported detecting Bonamia in a small number of triploid Suminoe 


oysters in the York River; however, G. Burreson of VIMS indicated that his group has examined 
1,930 triploid Suminoe oysters from VIMS’ hatchery on the York River both by polymerase 
chain reaction (PCR) and by histology over the last seven years and has never seen Bonamia.  
Researchers at VIMS have examined many large triploid Suminoe oysters for the VSC field 
trials with similar negative results.  Vasta's group used PCR only and did not confirm infections 
by histology; therefore, the findings are considered questionable (G. Burreson, VIMS, pers. 
comm.)  If Bonamia were to become established in Chesapeake Bay, Bonamia infections could 
preclude Suminoe oysters from colonizing polyhaline waters (18 to 30 ppt salinity) in Virginia 
and Maryland.  Only 3% of Maryland’s oyster bars are in polyhaline waters, but about one third 
of Virginia’s bars are in such salinities.   The appearance of Bonamia in Chesapeake Bay, 
therefore, would have a disproportionate effect on Suminoe oysters in Virginia waters. 


 
Studies along the coast of China revealed natural patterns of disease prevalence in 


habitats where the Suminoe oyster is native.  Bushek et al. (2008) screened 1,295 oysters from 
this region using standard histology, immunologically enhanced histological methods, and PCR 
assays to identify a guild of parasites infecting the Suminoe oyster and other oyster species.  No 
Bonamia parasites were detected, but species of Perkinsus and Haplosporidium were found.  The 
haplosporidians generally were rare, reacted positively to the PCR primers for Haplosporidium 
nelsoni, and were detected across a broader latitudinal range than has been observed for this 
species in North America.  Perkinsus spp. also were detected across a broad latitudinal range; 
prevalence generally was low but reached 40% at one site. Other diseases that might affect 
oysters in Chesapeake Bay if nonnative oysters were to be introduced without following ICES 
protocols included a herpes-like virus (OsHV) and fungal shell disease (NRC 2004; Reece et al. 
2008).  Although OsHV is prevalent in oysters collected from Asia, this disease was not present 
in any oysters sampled from hatcheries in the United States (Reece et al. 2008).  The OsHV virus 
may remain latent and undetectable for up to 6 months (Reece et al. 2008).  Another oyster 
species, C. hongkonensis, collected from southern China was able to transmit the OsHV virus to 
a prevalence of 3.3% (2/60) among diploid Suminoe oysters and 4.0% (1/25) among triploid 
Suminoe oysters; Eastern oysters were unaffected (Reece et al. 2008).  A trial in Chesapeake Bay 
found that Suminoe oysters were much more susceptible to fungal shell disease than Eastern 
oysters; 90% of Suminoe oysters were infected compared to 20% of Eastern oysters (Fisher 
2003).   


 
The NRC did not consider the issue of whether a population of Suminoe oysters in 


Chesapeake Bay could lose its resistance to MSX and Dermo over time, possibly due to mutation 
of the disease-causing organisms.  Such a phenomenon has never been reported in the literature 
and would appear to be unlikely; moreover, a host species is equally likely to mutate or 
experience selection that would lead the population to develop resistance to a new disease.     


 
Another common condition called mud blisters occurs when the mud worm (Polydora 


spp) bores holes into oysters’ shells.  The holes fill with mud, and the infected oyster covers the 
mud-filled holes with new shell material, causing blisters.  Mud worms are found along the 
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Atlantic and Gulf coasts of the United States in subtidal areas and live in the shells of oysters and 
other mollusks (Haigler 1969). The two main species in this range are Polydora websteri and P. 
ligni (White and Wilson-Ormond 1996). Polydora infections occur at low to intermediate 
salinities; however, the upper end of Polydora’s salinity range has not been determined.  Mud 
worms do not kill oysters directly; however, heavily infested oysters may expend more energy 
on repairing their shells than they spend on growth, reproduction, and feeding, resulting in 
poorer health, greater susceptibility to disease, and increased mortality among an infested oyster 
population (Owen 1957; Larsen 1978; Korringa 1952).  At low rates of infection, mud blisters 
can reduce the marketability of oysters.  Shells with greater than 25% internal cover of mud 
blisters are considered unsuitable for the half-shell market (Handly and Bergquit 1997). At high 
rates of infection, mud blisters can diminish shell integrity, increase vulnerability to predation by 
crabs and gastropods (Skeel 1979), and increase the rate of mortality (Wargo and Ford 1993; 
Calvo et al. 2000).   
 
 Both Suminoe and Eastern oysters can become infested with Polydora (Calvo et al. 2000; 
Grabowski et al. 2004; Bishop and Hooper 2005; Paynter 2007).  Suminoe oysters’ shells are 
thinner and less dense than those of Eastern oysters; consequently, Suminoe oysters tend to 
suffer greater damage as a result of Polydora infections, exhibiting more blisters and knobs.  In 
studies of the Suminoe oyster in North Carolina, Bishop and Peterson (2005) found the mean 
internal cover of mud blisters among oysters in 
waters of low to intermediate salinity (5-14 ppt) 
to be significantly greater during summer (50%) 
than during winter (less than 4%).  The 
percentage of oysters with internal coverage 
greater than 25% also was greater during summer, 
ranging from 86% at high salinities (20-30 ppt) to 
97% at lower salinities.  Bishop and Hooper (2005) determined that Polydora infestations 
adversely affected the growth rates of Suminoe oysters to a greater degree than the growth rates 
of Eastern oysters.  In studies of Suminoe and Eastern oysters in Chesapeake Bay, McLean and 
Abbe (2008) found higher rates of Polydora infection among Suminoe oysters than among 
Eastern oysters, but they did not quantify the rates. Paynter (2007) found a significant difference 
between infected triploid Eastern and Suminoe oysters in the average percent of shell covered 
with mud blisters.  The Suminoe oysters had greater rates of infection, but internal mud blister 
coverage per triploid Suminoe oyster ranged only from 0.75% to 3.25% averaged over the entire 
one and half years of the study.  Diploid Eastern oysters at one study location had significantly 
greater percent coverages than triploids of either species.   


 
4.1.1.3 Overview 
 


Evidence that Suminoe oysters are resistant to Dermo and MSX, grow faster than Eastern 
oysters, and grow fastest at higher salinities is fairly strong.  Evidence that the high rate of loss of 
oyster habitat throughout the Bay is an obstacle to increasing the abundance of any species of 
oyster in the Bay is equally strong.  The Suminoe oyster’s vulnerability to predation (particularly 
by blue and mud crabs), to Bonamia in high-salinity waters, and to Polydora infestations are all 
factors that could further limit the potential for introduced Suminoe oysters to establish a self-
sustaining population that could restore the ecological and economic functions of oysters in the 


Suminoe oysters appear to be highly vulnerable to 
the mud worm, Polydora, which is found throughout 
much of the Bay.  Infections could increase 
Suminoe oysters’ vulnerability to predation and 
decrease their market viability.  
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Bay.  The other potentially constraining factors discussed either appear to have lesser 
consequences or are more speculative.  Although many studies of the Suminoe oyster have been 
conducted over the past five years, all studies done in the field were performed with non-
reproductive triploids under confined conditions, and all studies with diploids were conducted in 
the laboratory.  Neither of these experimental conditions effectively represents how reproductive 
Suminoe oysters would fare on natural oyster bars in Chesapeake Bay; therefore, available data 
do not provide a basis for definitively assessing the relative importance of the positive and 
negative factors.  As a result, the probability of success of an implementation plan such as the 


one defined for this PEIS (Table 4-2) for establishing a 
self-sustaining population of Suminoe oysters in 
Chesapeake Bay cannot be considered to be certain, and 
the rate at which an introduced population might grow and 
disperse throughout the Bay cannot be estimated. 
Although the proposed action appears to have potential for 
attaining the PEIS goal, the likelihood that such potential 
could be realized is uncertain.  Continuing current efforts 
to restore the Eastern oyster under this alternative is likely 


to result in some increase in the abundance of Eastern oysters in low-salinity areas in Maryland, 
as described in Section 4.1.2, but would not contribute significantly to meeting the PEIS goal.  
Other effects of the proposed action on Eastern oysters are described in Section 4.2.1. 


 
4.1.2 Alternative 1:  No Action 


 
Alternative 1 involves continuing Maryland's present oyster restoration and repletion 


programs, and Virginia's oyster restoration program at about 2004 levels under current program 
and resource management policies and available funding using the best available restoration 
strategies and stock assessment techniques (Section 1.3.1 and Attachment 5 of Appendix A).  
Under this alternative, existing oyster management programs in both states would continue for a 
period of at least 10 years.  Current levels of funding for these programs were assumed to 
continue during that time.  Tables 4-3 and 4-4 summarize spat planting and the amount of habitat 
rehabilitation, respectively, that would occur under Alternative 1.  Existing hatcheries are 
producing the number of spat specified in this alternative; no new hatchery capacity would be 
required.  Figure 4-1 shows the locations of spat planting and bar rehabilitation throughout the 
Bay.  Since initiation of PEIS preparation, the dredged-shell planting component of Maryland’s 
repletion program has ceased (C. Judy, pers. comm.); however, DNR is planning to implement 
new programs that involve reusing previously planted shell.  Although the methods of 
rehabilitating bars might be different than those used in the past, the amount of habitat affected 
would be similar.  Under Alternative 1, harvest in both states would continue under current 
regulations and seasons.   


 
The restoration activity assumed under this alternative is representative of restoration 


activity in recent years, including the period from 1994 to 2004.  Figure 1-3 illustrates that 
restoration programs at that level did not result in an increase in the Bay-wide oyster population 
and that, in fact, the population decreased.  As noted in Section 4.1.1.2, continuing loss of hard- 


 


The success of an effort to establish a 
self-sustaining population of Suminoe 
oysters in Chesapeake Bay cannot be 
considered to be certain, and the rate at 
which an introduced population might 
grow and disperse throughout the Bay 
cannot be estimated.  
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Table 4-3. Total number of hatchery spat planted, allocation of spat within each management 
area, and number of acres to be planted annually under Alternative 1. 


Allocation of Hatchery Spat 
(Millions) 


Number of Acres Planted With 
Hatchery Spat Annually Region 


Number of 
Hatchery Spat 


Planted Annually  
(Millions) Sanctuaries Reserves 


Harvest 
Areas Sanctuaries Reserves 


Harvest 
Areas 


Maryland 200 40 160  20 160  
Potomac 25   25   25 
Virginia 50 50   10   
Bay wide 275 90 160 25 30 160 25 


 
 
Table 4-4. Acres of oyster bars rehabilitated within each management area and acres restored 


in sanctuaries, reserves, and open-harvest areas under Alternative 1. 
Number of Acres Rehabilitated Annually Region Total Number of Acres of Oyster 


Habitat Rehabilitated Annually Sanctuaries Reserves Harvest Areas 
Maryland 200 40  160 
Potomac 55   55 
Virginia          223 to 1,484* 223 to 1,484   
* The area to be rehabilitated annually would vary within this range; a total of 9,500 acres would be 


rehabilitated in Virginia over 10 years. 
 
 
bottom habitat at a rate of about 2,661 acres per year is a major contributing factor in the 
continuing decline in the oyster population under existing restoration programs.  Under what 
might be considered natural rates of sedimentation and shell loss, healthy and growing oyster 


populations create their own habitat.  Mann and Powell 
(2007) noted, however, that no accretion and 
accumulation of shell substrate has been documented in 
Chesapeake Bay recently.  As the population of live 
oysters decreases, the total space available for settlement 
of oyster larvae decreases, but the rate of shell loss 
remains unchanged.  Continued harvest under this 
alternative, although limited in magnitude, would remove 


additional shell and exacerbate the rate of habitat loss. Neither Maryland nor Virginia have 
mandatory shell-return policies that would require any oyster shell removed from the Bay to be 
returned to the water. The topic of shell loss due to harvest is addressed further in Section 4.1.4. 
 


The current restoration programs almost certainly will not result in a Bay-wide increase 
in the oyster population; nevertheless, modeling exercises have suggested the possibility of some 
local increases in oyster abundance in areas of low salinity (i.e., oligohaline regions) in Maryland 
(Section 6 of Appendix A).  This outcome of Alternative 1 could be anticipated for several 
reasons.  First, under current programs, most spat are planted in Maryland on bars in the 
oligohaline zone.  Second, nearly all spat planting in Maryland (excluding the Potomac) is on 
sanctuaries and reserves, which reduces removal via harvesting.  Third, disease-related mortality 
rates are lowest in the low-salinity zones, so survival rates are higher there.  Any such localized 
population increases would be driven by spat planting because reproduction of oysters is very 


The current restoration programs almost 
certainly will not result in a Bay-wide 
increase in the oyster population.  
Continued harvest under Alternative 1 
would remove additional shell and 
exacerbate the rate of habitat loss.  
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Figure 4-1. Location of plantings of hatchery-raised spat on sanctuaries, harvest reserves, and 


open-harvest areas, and location of oyster-bar rehabilitation activities for 
Alternative 1.  These actions represent actual current programs, not anticipated 
programs. 


Rehabilitation 
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limited in low-salinity areas; therefore, the increases would not be self-sustaining.  Alternative 1 
would not result in achievement of the PEIS restoration goal.   


 
The development of resistance to disease within the population of Eastern oysters in 


Chesapeake Bay could contribute to a somewhat more optimistic assessment of future growth of 
the population under Alternative 1.  Evidence for natural development of resistance to MSX 
disease among wild oysters is strong in Delaware Bay, where surviving brood stocks are 
substantially MSX-resistant.  Mann and Powell (2007) reported that in Delaware Bay, MSX-
susceptible oysters have been practically eliminated from the resident oyster population.  
Evidence for development of resistance to Dermo disease 
has been more elusive, even in Delaware Bay (Oyster 
Disease Workshop 2007).  Several generations exhibiting 
enhanced resistance to Dermo have been demonstrated in 
artificial selection experiments in the laboratory (Calvo et 
al. 2003), and some recent data from the James, 
Lynnhaven, and Great Wicomico rivers have shown that 
the prevalence of Dermo and the proportion of more 
serious infections have stabilized or decreased among large, older oysters, suggesting that some 
level of disease resistance may have developed among those populations (Carnegie 2007 and 
pers. comm.).  No estimates of the time or number of generations that would be required for 
resistance to Dermo to develop throughout the population of Eastern oysters in Chesapeake Bay 
are available.   
 
 Under Alternative 1, market-size oysters would be exposed to harvest in unprotected 
beds; consequently, older animals that survived due to disease resistance would have a high 
probability of being harvested.  Documented events in recent years have raised general concern 
about illegal harvest of oysters in protected sanctuaries and reserves.  Although the potential 
magnitude of such harvest cannot be estimated, any removal of oysters from protected grounds 
would further decrease the potential for development of disease resistance over time.  Under 
current restoration programs, however, older oysters that might not be subject to harvest would 
be present predominately on protected bars in low-salinity waters, where both sustained disease 
pressure (which contributes to development of disease resistance) and reproductive success 
would be low; consequently, they would have a low probability of contributing to the 
geographical expansion of disease resistance to high-salinity areas.   
 


4.1.3 Alternative 2:  Enhance Restoration 
 


Alternative 2 involves expanding, improving, and accelerating Maryland's oyster restora-
tion and repletion programs and Virginia's oyster restoration program in collaboration with 
Federal and private partners.  This alternative would include a substantial increase in habitat 
rehabilitation and originally called for the development, production, and deployment of large 
quantities of disease-resistant strains of the Eastern oyster for brood stock enhancement.   


 
Some stakeholders have considered the use of disease-resistant hatchery strains as brood 


stock to produce spat for planting as a means of increasing the population. DEBY and 
CROSSBreed are two disease-resistant strains of Eastern oyster presently available from 


The development of resistance to disease 
within the population of Eastern oysters 
in Chesapeake Bay could contribute to a 
somewhat more optimistic assessment of 
future growth of the population under 
Alternative 1.  
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hatcheries in the Bay area.  Evidence suggests that “domesticated” lines like DEBY and 
CROSSBreed have faster growth rates and greater resistance to MSX than “wild” oysters in 
Chesapeake Bay.  Allen and Hilbish (2000) suggested that spat produced from such selected 
strains of brood stock would have greater longevity on restoration reefs, perhaps “re-establishing 
overlapping year classes of adults.”  Allen et al. (2003) suggested that a process called “genetic 
rehabilitation” involving supportive breeding using disease-resistant brood stock could amplify 
the presence of alleles that confer disease resistance in the “wild” population.  The potential 
benefit of using such disease-resistant strains in Alternative 2 is uncertain and controversial.   


 
The consensus among participants at a workshop entitled “Revisiting Genetic 


Considerations for Hatchery-Based Restoration of Oyster Reefs” held in 2007 was that the 
absence of documented evidence that planting domesticated oysters has yielded improved 
survival or higher subsequent recruitment is a compelling argument against the use of 
domesticated oysters in ecological oyster restoration.  The participants recommended a 
precautionary approach to any use of artificially selected strains of oysters (Hare 2007).  
Participants did not support continued pursuit of “genetic rehabilitation” of Chesapeake Bay 
oyster stocks using artificially selected oyster strains.  They also concluded that the development 
of alternative strains of the Eastern oyster for use in restoration should not be pursued because 
selection is, by definition, a bottlenecking process; therefore, artificial selection for disease 
resistance would create strains with limited flexibility for coping with environmental change.  
They argued that preserving and enhancing local wild stocks that exhibit some level of natural 
disease resistance would be a preferred means of encouraging the development of disease 
resistance rather than to risk swamping the genetic diversity of the wild stock with domesticated 
hatchery spat.  No data are available to determine if domesticated strains of the Eastern oyster 
that are resistant to MSX and Dermo would be as resilient as wild populations to future 
environmental challenges or disease (viral, parasitic, etc.) or if planting an artificially selected 
strain could swamp the genetic diversity of the wild stock.  In a study of the Olympic oyster, 
however, Camara (2008) showed a relationship between decreased survival and increased 
relatedness of the parents (inbreeding) that could be inferred to support the likelihood of a 
genetic bottleneck in populations subjected to artificial selection for disease resistance. Disease-
resistant strains might become numerically dominant in locations where they are stocked and, 
thus, could maintain their genetic integrity over multiple generations.  Progeny produced in those 
locations, however, would be dispersed throughout adjacent areas.   


 
A recent study was designed to determine the contribution of 18.5 million cultchless 


DEBY oysters seeded in the Great Wicomico, Lynnhaven, York, and Elizabeth rivers between 
2002 and 2006 to recruitment in those rivers (Carlsson et al. 2008).  Locally recruited spat were 
collected annually from 2002 to 2006 to determine if reproduction by the transplanted DEBY 
oysters produced detectable contributions to subsequent recruitment.  Such contributions were 
identified by examining the frequency of a mitochondrial haplotype that occurs frequently in 
DEBY oysters but is rare in wild oysters.  The estimated frequency of this haplotype in locally 
recruited oysters averaged 1.4% compared with an average frequency of 35.9% in hatchery-
produced DEBY oysters, and 1.2% in wild oysters.  The authors reported that they were unable 
to detect a significant DEBY contribution to wild-produced spat.  They hypothesized that DEBY 
contribution to recruitment has been low for three reasons: (1) predation could have decimated 
the deployed oysters before they could reproduce; (2) the initial census of wild oysters may have 
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been underestimated such that too few DEBYs were deployed to expect an observable 
contribution; and (3) DEBYs have low fitness under natural conditions as a result of selection 
during cultivation. The genetic integrity of a disease-resistant strain would be easily 
compromised in any location if a large natural set of wild oysters occurred, such as in a drought 
year.  Cross-breeding of the wild stock with the disease-resistant strain also could result in rapid 
genetic dilution of disease resistance.    


 
The preponderance of evidence suggests that using hatchery-produced, disease-resistant 


spat in Alternative 2 would not significantly enhance the potential outcome for the size of the 
population and might have a detrimental long-term effect on the genetic diversity of the Bay’s 
oyster population.  Furthermore, the existing disease-resistant brood stock is not likely to be 
large enough to produce the number of spat specified for this alternative, at least over the 10-year 
assessment period. Analyses for Alternative 2, therefore, assumed the use of the general strain of 
Eastern oyster reared in hatcheries in Maryland and 
Virginia. Recent evidence of the development of 
disease resistance in wild stocks (Section 4.1.4) 
prompted the suggestion to obtain new hatchery brood 
stock each year from wild stocks that are displaying 
such evidence  This approach, using what might be 
termed  rotating brood stock, would decrease the 
potential effects of genetic bottlenecking among 
hatchery-produced disease-resistant oysters.  No 
detailed assessment of the feasibility or effectiveness of this approach was available during PEIS 
preparation, but the approach appears to merit further investigation because it might contribute to 
increasing the rate of propagation of disease resistance within a local oyster stock. 
 


Complete details of all restoration activities included in Alternative 2 are presented in 
Attachment 5 of Appendix A and summarized here.  As described in Section 2.2.2, when 
developing Alternative 2, the PDT determined that two different approaches for implementing 
this increased effort should be considered.  Alternative 2a focuses enhanced restoration efforts in 
areas of low salinity, and Alternative 2b shifts a significant portion of effort into areas of 
moderate and high salinity.  In Alternative 2a, all of the seed would be planted in low-salinity 
areas (<10 ppt); in Alternative 2b, only 55% of the sites to be seeded would be in low-salinity 
areas.  The representative implementation program for this alternative includes habitat 
rehabilitation and seed planting of the type performed over the recent decade.   As explained in 
Section 2.2.2, the PDT did not include large-scale construction of three-dimensional reefs in the 
representative implementation plan for Alternative 2 because of the significantly greater cost of 
that approach and its inconsistent performance.  


 
The number of hatchery-raised spat to be planted over the 10-year assessment period 


would increase from 200 million to 2 billion annually in Maryland, from 25 million to 125 
million annually in the Potomac River, and from 50 million to 200 million annually in Virginia.  
The production of 2.3 billion spat would require production of about 23 billion eyed larvae, 
which is somewhat greater than the production capacity of the University of Maryland’s hatchery 
at Horn Point after its currently planned expansion (Section 4.0 of Appendix C).  Implementing 
this alternative might require expanding the Horn Point hatchery further, constructing at least one 


The preponderance of evidence suggests that 
using hatchery-produced, disease-resistant 
spat in Alternative 2 would not significantly 
enhance the potential outcome for the size of 
the population and might have a detrimental 
long-term effect on the genetic diversity of 
the Bay’s oyster population.  
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additional oyster hatchery somewhere in the Bay watershed,21 or purchasing spat from hatcheries 
outside the Bay area. The number of spat stocked annually would increase through year 7, and 
then remain constant through year 10.   


 
The number of acres of sanctuaries planted with hatchery spat annually would increase 


from 75 to 750 in Maryland and from 10 to 40 in Virginia over 10 years (Table 4-5).  Plantings 
in harvest reserves would increase from 50 to 500 acres per year, and plantings in open-harvest 
areas in the Potomac River would increase from 25 to 125 acres annually over a 10-year period. 
In Alternative 2a, 32 sanctuaries, all located in low-salinity waters (5-12 ppt), would be planted 
with hatchery spat (Figure 4-2).  In Alternative 2b, 39 sanctuary areas would receive spat; 26 of 
these would be in low-salinity waters and 13 in waters of moderate to high salinity (Figure 4-3).  
Table 4-6 shows the area of habitat that would be rehabilitated under Alternative 2.  Over a 10-
year assessment period, 3,200 acres of sanctuaries and 800 acres of open-harvest areas in 
Maryland and 1,100 acres in the Potomac River would be rehabilitated, and 16,899 acres in 
Virginia would receive shell.22  Harvest would continue under current regulations.  


 
Table 4-5. Number of acres to be planted under Alternative 1 and Alternative 2a; 


the proportion of sanctuary acres would be about 6% greater under 
Alternative 2b. 


Maryland Virginia Potomac 
Sanctuaries Reserves Sanctuaries Harvest Areas Year 


Alt 1 Alt 2 Alt 1 Alt 2 Alt 1 Alt 2 Alt 1 Alt 2 
1 20 75 160 50 10 10 25 25
2 20 131 160 87 10 20 25 45
3 20 188 160 125 10 40 25 70
4 20 281 160 187 10 40 25 90
5 20 375 160 250 10 40 25 120
6 20 563 160 375 10 40 25 125
7 20 750 160 500 10 40 25 125
8 20 750 160 500 10 40 25 125
9 20 750 160 500 10 40 25 125


10 20 750 160 500 10 40 25 125
Total 200 4,613 1,600 3,074 100 350 250 975
 


Table 4-6. Total acres of oyster bars rehabilitated annually within each management area 
and acres restored in sanctuaries, reserves, and open-harvest areas over a 10-year 
period under Alternative 2. 


Number of acres rehabilitated annually Region Total number of acres of oyster 
habitat rehabilitated annually Sanctuaries Reserves Harvest Areas 


Maryland 400 320  80 
Potomac 110   110 
Virginia 522-2,850 522-2,850   


                                                 
 
21 In the economics analysis (Section 4.6.2), hatchery costs are assumed to be included implicitly in the cost-per-spat 
figures provided by aquaculture experts in the Chesapeake Bay area; however, no specific cost analysis was 
conducted to substantiate those experts’ opinions (D. Lipton, UMD, pers. comm.). 
 
22 The management categories of oyster habitat, sanctuary, harvest reserve, etc., are described in Section 1.3.1 and 
1.3.2. 
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Figure 4-2. Location of oyster spat plantings on sanctuaries, harvest reserves, and open-


harvest areas and location of oyster bar rehabilitation activities for Alternative 2a 


Rehabilitation 
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Figure 4-3.  Location of oyster spat plantings on sanctuaries, harvest reserves, and open-harvest 


areas and location of oyster bar rehabilitation activities for Alternative 2b 
 


Rehabilitation 
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The density of spat to be stocked (i.e., number per acre) each year would be the same as 
in Alternative 1:  2 million per acre in Maryland sanctuaries, 1 million per acre in Maryland 
harvest reserves and Potomac River open-harvest areas, and 5 million per acre in Virginia 
sanctuaries.  These stocking densities are standard for existing restoration programs.  The area 
stocked in Alternative 2, however, would be much greater than in Alternative 1 (Table 4-5):  
23 times more sanctuary acreage in Maryland over 10 years, approximately 2 times more harvest 
reserve area in Maryland, 3.5 times more sanctuary acreage in Virginia, and approximately 4 
times more harvest area in the Potomac River.   


 
Any increase in the Bay-wide oyster population under Alternative 2a probably would 


occur in low-salinity areas in Maryland because most spat would be planted in Maryland on bars 
in the oligohaline zone. Survival rates would be greater in low-salinity zones because 55% of the 
spat planted in Maryland (excluding the Potomac) would be on sanctuaries, which would 
eliminate removal by harvesting (except for any illegal 
harvest), and because disease-related mortality rates 
are lowest in oligohaline waters. Such localized 
population increases would be driven by spat planting 
because reproduction of oysters is very limited in 
oligohaline waters; therefore, planted populations 
probably would not be self-sustaining.  Given that spat 
planting would peak at year 7 and then remain constant 
through year 10, further population increases beyond 
10 years would be unlikely.  Exploratory modeling 
suggested that the population of market-size oysters after a 10-year period might be about 5 
times the starting population, and that the outcome under Alternative 2b would be about 10% 
less than under 2a (Section 6.0 of Appendix A).  A lesser outcome under Alternative 2b would 
be expected, assuming only traditional restoration methods are employed, if the rate of 
reproduction among oysters planted in mesohaline areas were insufficient to compensate for the 
effects of disease among those oysters.  Placing a greater proportion of seed in mesohaline 
waters might enhance the rate of development of disease resistance by increasing the number of 
oysters that would be continually exposed to disease stressors; however, the length of time 
required for a population of oysters to develop disease resistance throughout a region cannot be 
estimated (Section 4.1.2).  Although an increase under this alternative might be greater than the 
potential increase under Alternative 1, neither Alternative 2a nor 2b would be likely to achieve 
the restoration goal.   


 
As discussed in detail for the proposed action and Alternative 1, continuing loss of hard-


bottom habitat under this alternative would constrain future growth of the oyster population 
despite increased restoration activities; however, the magnitude of habitat rehabilitation in some 
years (Table 4-6) would exceed the estimate of annual habitat loss described in Section 4.1.1.2 
(2,700 acres per year).  The effect of habitat loss on rate of growth of the oyster population under 
Alternative 2, therefore, would be substantially less than under either the proposed action or 
Alternative 1.  The potential increase in the oyster population in low-salinity areas and the 
resultant increase in the availability of shell habitat would not substantially enhance recruitment 
because of the lower reproductive potential of oysters in low-salinity areas; consequently, gains 
in oyster abundance under this alternative probably would not be self-sustaining. The 


Any increase in the Bay-wide oyster 
population that might result from Alternative 
2 would occur in oligohaline waters in 
Maryland and would not be self-sustaining, if 
only traditional restoration methods are 
employed.  Neither form of Alternative 2 
would be likely to achieve the restoration 
goal for this PEIS.  
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development of disease resistance could enhance future population growth; however, the amount 
of time or number of generations that might be required to establish a Bay-wide population of 
oysters that are resistant to Dermo cannot be estimated at this time. 


 
This assessment assumes expanded implementation of traditional methods of oyster 


restoration according to the representative implementation plan described above.  A notable 
increase in oyster abundance in mesohaline waters has been reported locally in the Greater 
Wicomico River using non-traditional, three-dimensional constructed reefs (Schulte et al. 2009); 
however, neither the feasibility of constructing three-dimensional reefs throughout the Bay nor 
the ability of a limited number of local efforts to contribute to increasing the Bay-wide oyster 
population sustainably have been determined conclusively (Section 1.3.1). 


 
4.1.4 Alternative 3:  Harvest Moratorium 


 
Alternative 3 involves implementing a temporary moratorium on harvesting native 


oysters and a compensation (buy-out) program for oystermen in Maryland and Virginia or a 
program that offers displaced oystermen on-water work in a restoration program.  The socio-
economic implications of this alternative are addressed in other parts of Section 4.  The only 
issue addressed here is the consequence of eliminating harvest for the Bay-wide oyster 
population. 


 
The implementation details of this alternative would be identical to those of Alternative 1 


in terms of the magnitude and extent of restoration activities (i.e., existing restoration and 
enhancement programs would continue at least 10 years into the future, and funding for those 
efforts is assumed to continue).  The major difference between Alternative 3 and Alternative 1 is 
that no specific bars would be designated as sanctuaries or reserves because harvest would be 
prohibited throughout the Bay.  Bars in all salinity zones would be expected to experience some 
increase in abundance because no oysters would be removed.  In addition, the loss of shell due to 
harvesting, albeit small, would be eliminated, which might result in a slight decline in the rate of 
habitat loss, as is discussed in greater detail below.   


 
Overharvest and use of destructive harvest methods caused a major decline in the 


population of oysters in Chesapeake Bay from the 1880s to about 1930, as illustrated by a 50% 
decline in harvest over that period (Section 1.2).  Although the historical effects of destructive 
harvesting are well documented, the effects of harvest activity at the much-reduced levels that 
have occurred over recent decades and with the kinds of gear used now are less clear. Lenihan et 
al. (2004) demonstrated that a statistically significant proportion of oysters, up to 10%, are 
incidentally killed but not harvested during each harvesting event on an oyster reef, as a result of 
being cracked, broken, or punctured by harvesting gear such as oyster dredges.  


 
Uncertainty about past and current rates of exploitation of the oyster population 


complicates the effort to predict the effect of a harvest moratorium on the Bay-wide abundance 
of oysters.  Recent harvest rates were estimated by dividing reported statewide landings of 
Eastern oysters in Maryland (T. O’Connell, DNR, pers. comm.) by statewide estimates of the 
oyster population for years 1994 to 2004 (Sections 2.3 and 2.11 of Appendix A, but since 
revised, see Footnote 2; Figure 1-3). Based on this calculation, an estimated average of 8.7% of 
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all market-size oysters in Maryland (i.e. those more than 3 inches long) were harvested annually 
during this period.  Confidence intervals around the population estimates are quite large (e.g., the 
estimated population of  market-size oysters in Maryland for 2004 is 635.3 million, with 95% 
confidence limits of 64 million and 1.2 billion; L. Barker, DNR, pers. comm.); therefore, the 
estimated average harvest rate of 8.7% was considered to have a large, unknown, variance. No 
data were available from which to estimate an exploitation rate for Virginia.  Jordan and Coakley 
(2005) estimated that annual exploitation rates of market-size oysters in Maryland from 1986 to 
2001 varied from 21% to 73%. Some researchers believe 
that no oyster population could support such rates of 
exploitation for any extended period of time and, 
therefore, that the estimates are probably erroneous.  An 
oyster population is unlikely to be capable of sustaining 
itself at exploitation rates that exceed 20% (E. Powell, 
Rutgers University, pers. comm.).  Oyster landings in 
Maryland are highly regulated and relatively rigorously 
documented; therefore, the most likely explanation for overestimating the harvest rate is that the 
size of the oyster population has been underestimated substantially.  The sustained annual 
exploitation rate in the James River in Virginia ranges from about 4.6% to 6%23, and in Delaware 
Bay, the sustainable-fisheries removal of legally harvestable oysters (2.5 inches long or larger) 
has been about 4% (Mann and Powell 2007).   


 
Harvest, even at very low levels, theoretically could negatively affect the total fecundity 


of surviving oysters because fecundity of an individual oyster is an exponential function of its 
shell height.  Even a small increase in shell height translates to a large increase in the number of 
eggs produced by that individual (Levitan 1991; Mann and Evans 1998).  Following that logic, a 
cohort of small oysters is expected to produce far fewer eggs than that same cohort years later 
when its members have attained market size, despite the reduction in the number of egg-bearing 
adults at that later time as the result of natural mortality.  Harvesting these larger, more fecund 
individuals from the population, therefore, could have a large and detrimental effect on the 
reproductive capacity of the population.    


 
A population’s response to eliminating exploitation that has occurred at a high annual 


rate (e.g., removal of half of all market-size oysters each year) is likely to be greater than its 
response to eliminating exploitation occurring at a much lower rate (e.g., 4% to 6% of market-
size oysters).  Jordan and Coakley (2004) used a time series of fishery-dependent and fishery-
independent data to parameterize a model of oyster population dynamics in Chesapeake Bay and 
predicted that moderate decreases in fishing mortality, alone or in combination with increases in 
recruitment through stock enhancement, could reverse the decreasing trend in oyster abundance 
within one to two decades, even without a decrease in disease-related mortality.  In the process 
of estimating mortality rates to be used in population modeling for this PEIS, errors were 
identified in one of the inputs to the model developed by Jordan and Coakley (2004) that would 


                                                 
 
23 This exploitation rate differs from the rates estimated for the PEIS because it is calculated as bushels of harvested, 
market-size oysters divided by the estimated population of all oysters (excluding spat), not just market-size oysters; 
therefore, the percentage of market-size oysters harvested annually would be substantially higher than these figures 
(R. Mann, VIMS, pers. comm.). 


Lack of accurate quantification of 
historical and current exploitation rates 
for oysters in Chesapeake Bay is a major 
constraint on predicting the response of 
the Bay-wide oyster population to a 
harvest moratorium.  
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alter their outcome and invalidate their conclusions (Attachment 4 of Appendix A).  Exploratory 
modeling of the response of the Bay-wide oyster population to cessation of harvest for this PEIS 
suggested a very limited increase in the abundance of a small starting population (i.e., less than 
doubling of the population after 10 years), even assuming an unrealistically high rate of harvest 
(Section 6.0 of Appendix A). 


 
Lack of accurate quantification of historical and current exploitation rates in Chesapeake 


Bay is a major constraint on predicting the response of the Bay-wide oyster population to a 
harvest moratorium.  The factors that could influence the response to cessation of harvest 
provide a basis for an informed judgment about potential outcomes: 


 
Relative magnitude of annual disease mortality versus annual harvest mortality – 


Disease mortality generally occurs during warm summer months, but the oyster fishery opens in 
the fall and continues through the winter.  As a result, the two sources of mortality are additive.  
If the rate of disease-related mortality is high, the 
contribution of harvest to the total annual mortality 
rate would be low.  The rate of mortality due to 
disease varies annually according to oyster age, 
summer salinity, and disease intensity.  When salinity 
and disease intensity were high, average annual 
mortality of market-size oysters due to disease was 
estimated at 79% (Table 4 of Appendix A).  When 
salinity and disease intensity were low, estimated 
annual disease mortality was 10%.  The magnitude of the effect of eliminating harvest on the 
future size of the oyster population would vary substantially depending on the salinity and 
disease conditions at individual bars.  These conditions would vary from year to year depending 
on annual variation in freshwater discharge into the Bay (Figure 2 of Appendix A).   


 
Contribution of small oysters to recruitment – Some oysters in any year class become 


sexually mature and contribute to annual spawning before they reach the legal size for harvest 
(i.e., oysters in the “small” size category).  These oysters would not be exposed to harvest 
mortality (except as a limited by-catch with legal oysters).  A harvest moratorium would 
eliminate the loss of only the relatively small percentage of “small spawners” typically lost as 
by-catch.  


 
Percentage of the stock on protected bars – As described in Sections 4.1.2 and 4.1.4, a 


significant portion of the habitat rehabilitation and spat planting under this alternative would be 
on sanctuary and harvest reserve bars, where oysters 
already are protected from harvest.  If oyster abundance 
increases over time on protected bars, the percentage of 
the Bay-wide stock subject to harvest would decline, and 
the effective Bay-wide exploitation rate would decrease, 
even if the exploitation rate remained high on 
unprotected bars.  Illegal harvest from protected areas 
could significantly reduce the benefits of protected bars.  
The greatest increases in oyster abundance likely to 


The magnitude of the effect of eliminating 
harvest on the future size of the oyster 
population would vary substantially depending 
on the salinity and disease conditions at 
individual bars.  These conditions would vary 
from year to year depending on annual variation 
in freshwater discharge into the Bay.  


The greatest increase in oyster abundance 
likely to occur under current restoration 
programs would be on protected bars in 
low-salinity waters.  Oysters in low-salinity 
areas make only a limited contribution to 
recruitment throughout the Bay; therefore, 
eliminating harvest in low-salinity areas is 
not likely to contribute to substantial 
growth of the Bay-wide population.  
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occur under current restoration programs would be on protected bars in low-salinity waters.  
Oysters in low-salinity areas make only a limited contribution to recruitment throughout the Bay; 
therefore, eliminating harvest in low-salinity areas is not likely to contribute to substantial 
growth of the Bay-wide population.   
 
 Studies of existing oyster sanctuaries in Maryland support the conclusion that a harvest 
moratorium may have only a limited effect on the oyster population.  Tarnowski (2005) reported 
results of monitoring 13 oyster sanctuaries as part of Maryland’s annual Fall Oyster Survey 
between 1996 or 1997 and 2004.  The sites monitored represented a cross-section of sanctuaries 
in different salinity regimes and with varying rehabilitation efforts   Environmental conditions, in 
particular changes in salinity between years in response to freshwater inflow, were the 
overwhelming determinants of sanctuary success, as measured by spat set and changes in oyster 
abundance over time.  Results for sanctuary bars were decidedly mixed. Biomass increased on 
many but at much lower levels than anticipated, especially in the low-salinity zones. Despite the 
numerous rehabilitation projects within the sanctuaries, many of the sanctuary populations 
tended to resemble natural populations within relatively short periods, and no evidence of far-
field recruitment (i.e., that the sanctuaries are sources of larvae for other bars) was apparent.  
Overall, Tarnowski concluded that the sanctuary program to date has fallen far short of its stated 
goal of contributing to a 10-fold increase in oyster biomass in Chesapeake Bay.  Tarnowski’s 
report did not specifically account for any illegal harvest that might have influenced results, and 
the study period was not sufficient to detect any benefits of development of disease resistance; 
however, it provided significant evidence that the absence of legal harvest did not result in 
significant enhancement of the oyster population on individual bars, at least over the period 
covered in the study. 


 
Powers et al. (in press) reported on the success of 94 restored oyster reefs in North 


Carolina, all in no-harvest sanctuaries that have existed for 3 to 30 years.  Their criteria for 
defining “success” included vertical structure, presence of live oysters, recruitment success, 
density of oysters, oyster biomass, and abundance of market-size oysters.  All 29 intertidal reefs  
were classified successful, but only 37% of subtidal reefs (24 of 65) were classified successful.  
Burial, degraded water quality, and poor recruitment were identified as major factors that limited 
the success of some reefs. The authors noted that if oysters recruit regularly, paucity of market-
size oysters would not preclude a restored oyster reef from sustaining valuable ecosystem 
services; therefore, the appropriate definition of “success” could differ depending on the purpose 
of reef restoration efforts.      


 
The value of sanctuaries and reserves for enhancing oyster stocks depends, of course, on 


enforcement of harvest bans.  Discussions at meetings of the Maryland Oyster Advisory 
Commission held in 2007 and 2008 repeatedly addressed stakeholders’ concerns about the 
effects of illegal oyster harvest in Maryland, which many stakeholders believe to be very 
significant.  A complete harvest moratorium is an extreme conservation measure; nevertheless, it 
would facilitate the enforcement of harvest restrictions by relieving enforcement staff of the need 
to distinguish between legal and illegal harvest locations and methods and to document the 
location of a suspect catch.   


 
Continuing loss of habitat – As discussed for other alternatives, the continuing loss of 


hard-bottom habitat would significantly constrain future growth of the oyster population even if 
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harvest were eliminated.  However, as has previously been discussed, oysters create their own 
habitat as a result of shell growth and also because spat set preferentially on existing and new 
shell, thus creating oyster aggregations.  Such oyster aggregations represent the foundation for 
creation of raised oyster reefs, if oysters continue to survive and grow and there are occasional 
significant spat sets.  Continual increases in vertical height of an oyster bar in response to oyster 
population growth counteracts to some degree the effects of continuous sedimentation that is 
contributing to current high rates of habitat loss.  Most types of harvest activities result in oyster 
“clumps” being broken apart, either through physical effects of the harvesting devices or as a 
result of oysters being sorted on board after harvest.   Consequently, harvest activities are likely 
to indirectly contribute to the continuing rate of habitat loss by impeding the development of 
three-dimensional natural reef structure.  


 
Reduction in shell removal – Eliminating harvest would reduce the rate of shell loss 


somewhat because oysters would not be removed from the Bay, but the effect would be minimal 
relative to the rate of shell loss and the magnitude of existing habitat rehabilitation efforts 
because current harvests are so small. Most Chesapeake Bay oyster landings in recent years have 
come from Maryland (Figure 1-1). The average harvest in Maryland from 1997 to 2006 was 
199,000 bushels and the average from 2002 to 2006 was 83,000 bushels (Attachment 7 of 
Appendix A).  Habitat rehabilitation programs described in Attachment 5 of Appendix A assume 
the use of 7,500 bushels of shell per acre (to a depth of 3 inches).  The average area to be 
rehabilitated annually would range from 478 acres to 1,739 acres, which would require 3.6 to 13 
million bushels of shell per year.   The 10-year and 5-year average harvest amounts for Maryland 
alone, therefore, represent, at most, only 5.5% and 2.3%, respectively, of the minimal volume of 
shell that would be planted annually under current restoration programs (Attachment 5 of 
Appendix A).  Mann (2007b) calculated that more than half of the annual addition to the shell 
stock results from the growth of oysters that are older than 2.33 years and in size range targeted 
by oyster fishermen  (i.e., those that exceed the legal size limit).  Removing those oysters not 
only causes an immediate decrease in shell, but also eliminates a significant potential source of 
new shell. 


 
Development of disease resistance – As discussed for Alternatives 1 and 2, harvesting an 


oyster population that is severely affected by diseases may slow or prevent the development of 
disease resistance in the exploited population.  Oysters 
that survive to reach or exceed the legal market size may 
be individuals that are naturally genetically resistant to 
disease. Substantial numbers of large oysters (shell height  
of 6 inches or greater) have been reported on oyster reefs 
in highly saline tributaries in Virginia (e.g., Lynnhaven, 
Rappahannock, Elizabeth, and Great Wicomico rivers) 
where harvest has been prohibited for many years (Burke 
2008).  Such oysters  have survived much longer than the time during which mortality due to 
MSX and Dermo is expected, suggesting that resistance to the diseases has developed within 
those populations. Recent data from the James River indicating that the prevalence of Dermo and 
the proportion of more serious infections level off or decrease among larger, older oysters 
(Carnegie 2007) also support the conclusion that resistance to disease is developing within 
Chesapeake Bay.  


Eliminating harvest clearly would increase 
the possibility of development of disease 
resistance in the native oyster population; 
however, the resulting magnitude of 
increase in the rate of population growth 
over time cannot be estimated.  
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Oysters that survive to reach or exceed market size despite being exposed to significant 
disease pressures are likely to confer some degree of disease resistance to subsequent 
generations.  Large oysters that have survived the diseases would be substantially more fecund 
than younger, smaller oysters and thus could contribute disproportionately to production of 
individual year-classes of larvae.  The greater fecundity of large surviving oysters would amplify 
the benefit of a harvest moratorium for increasing the rate of development of disease resistance 
in the Bay-wide oyster stock.  No estimates of the time or number of generations required to 
develop resistance to MSX or Dermo throughout the oyster population in Chesapeake Bay are 
available.  Nevertheless, removing a large percentage of oysters that may be exhibiting some 
level of disease resistance and may contribute substantially to subsequent  year-classes clearly 
would slow the rate at which such resistance could be propagated throughout the stock.  Normal 
year-to-year fluctuations in environmental conditions also could retard or even reverse the rate of 
development of disease resistance, which depends on relatively continuous exposure to the 
disease stressor. Regardless of the time horizon, eliminating harvest clearly would increase the 
possibility of development of disease resistance in the native oyster population; however, the 
magnitude of increase in the rate of population growth over time in response to such a 
development cannot be estimated. 


 
Overview – The geographical pattern of change in the oyster population expected to 


result from implementing this alternative probably would be similar to that expected for 
Alternative 1 because restoration effort would be the same.  The greatest increases in oyster 
abundance would be expected in oligohaline regions in Maryland because most spat would be 
planted in Maryland on bars in the oligohaline zone, and less disease-related mortality would be 
expected at those lower salinities.  Attainment of the PEIS goal would be very unlikely. 


 
4.1.5 Alternative 4:  Cultivate Eastern Oysters 


 
Alternative 4 involves establishing or expanding State-assisted, managed, or regulated 


aquaculture operations in Maryland and Virginia using the native oyster. As explained in Section 
2.2.4, no particular aquaculture methods or techniques were specified in developing the 


alternative, and the analysis of this alternative was not 
designed or intended to identify the economically optimal 
methods of cultivating oysters in Chesapeake Bay.  A 
specific scenario had to be developed to provide a basis for 
assessing the environmental consequences of this very 
general alternative (Appendix C).  The PDT decided to 


define the aquaculture assessment scenario based on economics because private development of 
a large-scale aquaculture industry in the Bay would be driven by economic factors.  The 
assessment scenario is based on current aquaculture activities in the Bay area and is a reasonable 
representation of a future, large-scale oyster aquaculture industry in the Bay; it is not a 
specifically recommended action.  


 
Development of the assessment scenario for Alternative 4 began with the output of an 


economic demand model for oysters (Appendix D4) used in the assessment of economic 
consequences of the proposed action and all alternatives.  One output of the model is the 


The development of a large-scale 
aquaculture industry in the Bay 
would be driven primarily by 
economic factors.  
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estimated annual 
maximum level of 
aquaculture production 
that would be economi-
cally viable (i.e., 
profitable) for a large-
scale oyster aquacul- 
ture industry in 
Chesapeake Bay.  That 
estimate was 2.6 million 
bushels, with a range of 
1.7 to 5.4 million 
bushels,24 and includes 
oysters cultured for the 
half-shell and shucking 
markets as well as wild-
caught oysters.  The 
estimated maximum 
economically viable 
production of 2.6 
million bushels of 
oysters is less than the 
benchmark annual harvest of about 5 million bushels per year between 1920 and 1970, indicating 
that  the current market for oysters is about half the market that existed during that reference 
period.  To account for wild-caught oysters, future wild harvests under this alternative were 
assumed to be similar to recent annual harvests of wild oysters from Maryland and Virginia 
combined, which have averaged approximately 138,400 bushels.  Subtracting that average from 
2.6 million bushels, the maximum economically viable aquaculture production would be 


approximately 2.46 million bushels, or 676.9 million oysters.25  
The 676.9 million oysters that constitute the cultivated portion of 
the estimated maximum annual production represent 
approximately 84% of the estimated current population of 
market-size oysters in the Bay (809 million).  The current oyster 
population is distributed throughout the Bay; however, cultivated 
oysters would be concentrated in locations identified in the 


assessment scenario.  Section 4.2 discusses the ecological consequences of such numbers of 
oysters and their distribution within the Bay.   


 
The next step in developing the assessment scenario was to determine where large-scale 


aquaculture operations might develop in Maryland and Virginia.  With input from aquaculture 


                                                 
 
24  Appendix D presents confidence limits for projections of the economic demand model; however, for simplicity 
only the median values are used in most of the assessments presented in Section 4. 
 
25  For consistency, we used 275 oysters/bushel (used in Appendix D) as a standard for the aquaculture alternatives. 
 


Units of Measurement for Oysters 
Parameter Units of 


Measure Notes 


grams of 
dry tissue   


log10 weight (g) = -3.7595 + 2.062584 * log10 size class (mm) (a)   
i.e., a 77-mm oyster = 1.354 g  Biomass of  


an Individual 
Oyster grams  


of carbon 
biomass (g carbon) = 0.0002115 * (shell height (mm))1.7475 (b)  
i.e., a 77-mm oyster = 0.419 g 
0.060 cubic yards (c) Maryland 


bushel 350 market-size oysters (C. Judy, DNR) 


0.064 cubic yards  Virginia 
bushel 250-500 market-size oysters ( J. Wesson, VMRC) 
bushel for 
PEIS Econ. 
Analyses 


275 market-size oysters  


Abundance 
 


weight  
of a bushel 


7 lbs oyster meat = 1 bushel (“market data” per D. Lipton, 
Univ. of MD) 


spat <40 mm 


small 40 mm to 76 mm 


market >76 mm  Size 


average 
market 90 mm (d) 


(a) Mid-point of size class with a range of 5-mm; thus, 77 mm for the 75-mm to 80-mm size class; from Jordan 
et al. 2002 


(b) From Cerco (pers. comm.) and Mann & Evans (1998) 
(c) From Chesapeake Bay Oyster Population Estimation (CBOPE) (http://www.vims.edu/mollusc/cbope/) 
(d) From Cerco (2005a, 2005b) 


The annual production of the 
maximum economically viable 
oyster aquaculture industry in 
the Bay is estimated to be 2.6 
million bushels.  
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experts in both states,26 nine feasible locations were identified based on past aquaculture activity, 
oystering history, or a consensus of opinion about locations that might be appropriate based on 
existing infrastructure and logistical support that might contribute to the development or 
expansion of oyster aquaculture operations (Figure 4-4).  The total maximum production was 
apportioned among those nine locations based on input from those same experts, placing 20% of 
the production in Maryland waters and 80% in Virginia waters.  This allocation reflects the fact 
that Virginia’s existing oyster aquaculture industry is much larger than Maryland’s industry and 
the recognition that this distribution is unlikely to change over the next decade without major 
changes in Maryland’s regulations governing shellfish aquaculture.  These locations are 
examples of the kinds of locations at which significant aquaculture operations might be 
established, not recommended sites.  They represent a range of kinds of locations to provide a 
broad basis for evaluating the potential effects of Alternative 4.  Community groups and non-
governmental organizations such as the Chesapeake Bay Foundation are operating many small-
scale aquaculture and oyster restoration programs around the Bay. This aquaculture alternative 
was evaluated assuming that an expanded industry would be economically viable; consequently, 
the analysis of Alternative 4 does not address the efforts of non-profit groups specifically. Table 
4-7 shows the number of oysters that might be produced at each of the nine locations based on 
the representative allocation of the 676.9 million oysters estimated to represent the maximum 
viable annual aquaculture production. The Maryland locations considered as potential 
Aquaculture Enterprise Zones are intended to attract growers and do not necessarily have the 
infrastructure required for aquaculture that might exist in other locations.  This scenario was 
created simply for environmental evaluation purposes; economic analyses presented in Section 
4.6.2 consider aquaculture on a consolidated, Bay-wide basis. 


 
Section 2.0 of Appendix C describes the kinds of aquaculture operations that might be 


employed and the amount of space such operations might occupy.  These factors are significant 
for assessing the potential effects on elements of the environment such as boating and aesthetics, 
which are addressed in other parts of Section 4.  The kinds of oyster aquaculture most commonly 
employed in the Bay at present include on-bottom (i.e., spat placed on hard-bottom habitat and 
harvested when the oysters reach market size); off-bottom cages (i.e., spat in cages mounted on 
supports that keep them suspended just above the bottom and retrieved when oysters reach 
market size); floats (i.e., anchored floating trays in which spat are maintained near the water 
surface and harvested when oysters reach market size); and other containment methods (e.g., 
bags secured to a line and laid on the bottom or bags suspended from floats at various depths). 
Although most historical aquaculture of native oysters in the Bay was on-bottom, off-bottom 
cages and floats have been shown to result in enhanced growth and reduced disease mortality of 
native oysters and are likely to be employed to cultivate native oysters in the future.  For 
example, a relatively new oyster aquaculture firm, Marinetics, uses floats exclusively in its 
operation on the Choptank River (Figure 4-5).  Marinetics deploys 3,000 floats to produce 1 
million oysters per year.  Recent aquaculture trials in Virginia using triploid Eastern oysters 
employed primarily off-bottom cages (A. Erkine, Cowart Seafood Corporation, pers. comm.).  
The potential for growing triploid native oysters using on-bottom aquaculture also is great.  The 
Chesapeake Bay Foundation (CBF) recently completed a triploid aquaculture project in 
partnership with Bevans Oyster Company, and others are in progress with Cowart Seafood and 
                                                 
 
26 Contributing experts are identified in Appendix C. 
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several individual watermen (T. Legget, CBF, pers. comm.). The results of these efforts are 
discussed below.  


 
 


Potential oyster aquaculture regions 
(% of annual production by region) 
1 West and Rhode Rivers (5%) 
2 Patuxent River (5%) 
3 Lower Potomac River (5%) 
4 Northern Neck (38%) 
5 Middle Peninsula (15%) 
6 Lower Peninsula (5%) 
7 Southside (5%) 
8 Bayside Eastern Shore (17%) 
9 Nanticoke River (5%) 


 
Figure 4-4. Assessment scenario for large-scale aquaculture operations in Chesapeake Bay; 


locations were selected in consultation with aquaculture experts in the Bay area.  
The percentage of total annual production that might be expected for each of the 
locations is identified in the insert. 


 
 
 
Table 4-7.  Estimated annual production at each of the nine aquaculture locations 


identified for the assessment scenario. 
  Bushels Millions of Oysters 


1 West and Rhode Rivers (5%) 123,000 33.8 
2 Patuxent River (5%) 123,000 33.8 
3 Lower Potomac River (5%) 123,000 33.8 
4 Northern Neck (38%) 934,800 257.1 
5 Middle Peninsula (15%) 369,000 101.5 
6 Lower Peninsula (5%) 123,000 33.8 
7 Southside (5%) 123,000 33.8 
8 Bayside Eastern Shore (17%) 418,200 115.0 
9 Nanticoke River (5%) 123,000 33.8 
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Figure 4-5. Trains of floats at the Marinetics aquaculture facility on the Choptank River, 
Maryland.  Each float holds 1,000 to 10,000 oysters.  Photo courtesy of Chris 
Judy, DNR. 


 
The area required to produce the projected maximum number of cultivated native oysters 


would differ depending on whether operators cultivated diploid or triploid27 oysters and on the 
form of aquaculture (Section 2.0 of Appendix C).28  Triploid Eastern oysters grow faster than 
diploids, reaching market size in 12 to 18 months when grown in off-bottom cages and in 18 to 
28 months when grown on-bottom.  Diploid Eastern oysters grown on-bottom attain market size 
in about 36 months.  Diploids grown off-bottom or in floats are likely to reach market size in 
about 24 months. As a result of these differences, three cohorts of diploids or two cohorts of 
triploids would have to be deployed at any given time to achieve the maximum production 
annually using on-bottom aquaculture (i.e., the number of oysters placed in the water would have 
to be triple or double the number of oysters expected to be harvested each year).  Most on-
bottom aquaculture is done on shell substrate (i.e., existing oyster bars), but other kinds of hard 
substrate can be used.  Off-bottom cages require hard bottom, but not necessarily shell; the 
substrate must be firm enough to prevent the cages from sinking.  Floats or suspended bags 
provide the greatest versatility because they can be anchored over any kind of bottom; however, 
floats are vulnerable to high winds and waves, which growers would consider when selecting 


                                                 
 
27 Oysters that are genetically manipulated to be triploid exhibit reduced development of gonadal tissue; 
consequently, energy is shunted to growth of body tissues instead of reproductive organs, and they grow faster than 
normal, diploid oysters. 
 
28  Data used in developing the figures presented here were taken from presentations at an aquaculture workshop, the 
summary of which is included in Section 2.0 of Appendix C, and from personal communication with oyster 
culturists around the Bay.  Studies that document and contrast growth rates of triploid Suminoe oysters with those of 
diploid and triploid Eastern oysters were summarized in Section 4.1.1.1.   
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sites for deployment. In addition, the presence of floats may affect aesthetics and recreation in 
ways that would limit where they are allowed to be deployed.   


 
Information provided by aquaculture operators was used to estimate the area that might 


be required to generate the maximum economically viable production using the various modes of 
aquaculture (Table 4-8). Triploids grow faster than diploids; consequently, the area required to 
cultivate triploids in floats may be somewhat less than this estimate, and the area required to 
cultivate diploids in floats might be somewhat greater.  Triploid Eastern oysters in some 
circumstances have been found to produce more biomass per unit of shell length (i.e., to be 
larger at a given shell size) than diploid Eastern oysters.  In studies conducted in 2005, a biomass 
index (gm wet weight/mm shell length) for triploid Eastern oysters for the period January to 
October was  34% greater than the index for diploid Eastern oysters (data provided by Dr. S. 
Allen, VIMS).  An aquaculture operation using triploids, therefore, probably could produce 
substantially greater amounts of oyster meat than a similar operation using diploids over the 
same period of time.  In a project sponsored by CBF and conducted with the Bevans Seafood 
Company, triploid spat-on-shell grown on half an acre of bottom yielded 947 bushels in 18 
months (T. Leggett, CBF, pers. comm.).  If that level of production could be realized in various 
locations in the Bay, only 3,590 acres would be required to produce 2.46 million bushels of 
market-size oysters in on-bottom aquaculture, assuming that two cohorts were deployed 
annually.  That area is an order of magnitude less than the required area estimated using other 
data discussed at the aquaculture workshop documented in Appendix C. 
 


Table 4-8.  Estimated area required to cultivate 676.9 million Eastern oysters annually.(a) 
Ploidy Form of Aquaculture Years to Market Size Area Needed 


(acres) 
Diploid On-bottom 3 73,800(b) 
Triploid On-bottom 2 2,590 
Triploid Floats 1.5 1,952 


(a) For reference, the total acreage of tidal waters in Chesapeake Bay is 2,978,163. 
(b) See Section 2.0 of Appendix C for details on derivation of all these figures; the diploid estimate is based on very low 


current Maryland production rates of 100 bushels per acre with three cohorts in the water simultaneously and assumes 
three years to reach market size. 


 
The assessment scenario for Alternative 4 assumes that the industry would use solely 


hatchery-produced spat. Many oyster aquaculture operations elsewhere in the world, such as 
France and China, use devices called spat collectors (examples include “french tubes” and 
“chinese hats”).  These devices are placed in locations where wild oysters spawn naturally.  Spat 
that settle on the collectors are then transported to grow-out areas. In France, about 50% of the 
spat used in aquaculture are acquired using spat collectors (Maurice Heral, French Research 
Institute for Exploitation of the Sea, pers. comm.).  Some oyster growers in Chesapeake Bay 
consider spat collectors to be cumbersome, difficult, and expensive to use. They consider the 
traditional method of planting shell to catch wild oyster seed to be most effective simply due to 
availability and existing infrastructure (A.J. Erskine, Cowart Seafood Corporation, pers. comm.).  
As discussed in Section 1.2, transplanting seed oysters from areas of high disease intensity to 
grow-out areas is believed to have contributed to the spread of diseases throughout the Bay.  In 
addition, disease pressure in the high-salinity areas that are optimal for oyster growth has 
prompted growers to use hatchery strains of the Eastern oyster bred specifically for disease 
resistance to increase their production efficiency (S. Allen, VIMS, pers. comm.) An eco-
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nomically viable industry would require stability in spat production, but the amount of wild spat 
available is likely to vary considerably from year to year depending on environmental conditions.  
Hatchery production would be the only means of ensuring the availability of specific quantities 
of spat annually.  Hatcheries would, of course, be the only source of triploid spat.  Other factors 
that argue against the use of wild spat are the need to apportion spat equitably among private 
operators and the potential for further dispersal of diseases throughout the Bay.  Another option 
for obtaining sufficient spat for an expanded aquaculture industry in the Chesapeake Bay area 
would be to import seed from elsewhere in the country. No growers in the Bay area appear to 
purchase seed from elsewhere at this time, and no information was available to assess the 
economic and logistical viability of that option.  


 
The number of hatcheries required to support an aquaculture industry of the estimated 


size was defined based on the quantity of hatchery-grown spat required to produce the specified 
number of market-size oysters (Section 4.0 of Appendix C).  The quantity of spat that a hatchery 
can produce is highly variable and subject to many factors that affect the number of eggs that are 
fertilized, the percentage of those eggs that reach the eyed-larva stage, and the percentage of 
those larvae that become spat.  Success at each stage of production can vary; nevertheless, 
general figures that represent reasonable estimates of hatchery success were obtained from the 
operators of existing oyster hatcheries at VIMS and the University of Maryland.  The amount of 
spat required to support the maximum economically viable industry could range from 15 billion 
to 50 billion.  As a rough, conservative generalization (i.e., probably the maximum capacity 
needed), 15 to 25 hatcheries with production capacity similar to that of the University of 
Maryland’s Horn Point facility would be required to produce sufficient quantities of spat to 
operate a full-scale aquaculture industry in Chesapeake Bay.  Fewer spat and fewer hatcheries 
would be required if the industry were to be based primarily on triploids; however, those 
hatcheries would have to be equipped to produce triploids.  Fewer spat and fewer hatcheries 
would be required if the industry were to be based primarily on disease-resistant strains.  The 
concern about a potential genetic bottleneck discussed in the evaluation of Alternative 2 would 
not pertain to the aquaculture alternatives.  Using disease-resistant strains in aquaculture 
operations might result in a larger percentage of spat surviving to market size. 


   
The size of the industry in the assessment scenario for Alternative 4 was projected solely 


based on economic viability; however, many factors could 
prevent such a scenario from being realized.  The factors 
most likely to impede the achievement of an oyster industry 
of the projected size are discussed here.  Other issues, such as 
effects on boating and aesthetics are discussed in later parts 
of Section 4, and those discussions assume achievement of the maximum economically viable 
industry.   
 
 Availability of Habitat – Lack of sufficient habitat to support an industry of the projected 
size could constrain its form and rate of development.  For example, the estimated area required 
for on-bottom aquaculture of diploids is 73,844 acres of hard bottom; the estimate is 
conservatively large because it is based on low levels of production observed in recent years in 
Maryland.  For context, the estimated total area of oyster habitat currently available in the Bay is 
only 76,030 acres (Attachment 1 of Appendix A). That estimate includes bars located in areas 
where oyster survival, growth, or both might be low; bars designated as sanctuaries; and public 


Many factors could prevent the 
maximum oyster aquaculture industry 
from being attained.  
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bars in Maryland, which regulations prohibit leasing for aquaculture. Cultivating diploid Eastern 
oysters on the bottom, therefore, would not be a feasible means of attaining the maximum 
aquaculture industry, particularly in Maryland, unless a considerable area of new habitat for 
oysters were to be created in areas that are not presently charted as oyster bottom.  The estimated 
area required for on-bottom aquaculture of triploids is 49,229 acres. About 2/3 of all oyster 
habitat in the Bay would have to be used to obtain the maximum production of cultivated 
triploids, assuming that production rates would be the same in all salinities and locations in the 
Bay, which would not be the case.   
 
 Cultivated Eastern oysters grow faster in off-bottom cages, which require hard substrate, 
but not necessarily shell.  Development of an off-bottom industry, therefore, would be less 
constrained by habitat limitations, although aesthetic issues regarding structures such as floats 
could be equally limiting (Section 4.7).  Use of suspended methods, such as floats, might 
facilitate attainment of the maximum projected production because floats can be deployed over 
any kind of bottom; however, floats are feasible only in relatively sheltered locations because 
they are subject to damage during storms. Floats are also subject to fouling and icing and require 
extensive maintenance.  In addition, the effects of floats on aesthetics and recreation probably 
would constrain where they could be deployed.  The area of shell or hard-bottom habitat 
available in most of the areas identified in Figure 4-4 is insufficient to fully support the projected 
production using other methods.   Several procedures for bottom preparation, however, can be 
used to make bottom that is otherwise unsuitable for oyster culture productive.  In Maryland, for 
example, large areas of bottom could be made productive if various regulatory constraints were 
removed (D. Merritt, UMD, pers. comm.).     


   
 Production Capacity – Environmental conditions at potential aquaculture sites were not 
considered in estimating the area required for oyster production.  Oysters grow by filtering food 
from the water column, and growth rates would vary depending on food availability and oyster 
density.  In estimating the areas required to support the maximum industry, all locations were 
assumed to have food supplies similar to those available at the existing aquaculture operations 
from which data were obtained.  Existing aquaculture operations probably are sited in the subset 
of the leased or permitted locations that growers have found to be optimal and economically 
viable.  The availability of locations with similar optimal characteristics sufficient to yield the 
maximum estimated production is not known. 


 
 Rate of Industry Development – The United Nations Food and Agriculture Organization 
reported that 93% of worldwide oyster production in 2000 originated from aquaculture.  Chinese 
growers culture about 40 billion oysters per year; Japanese and Korean growers follow with 
about 2 billion oysters annually.  France (1.5 billion) and the U.S. Pacific Northwest (500 
million) complete the list of the top 5 producing areas.  In contrast, aquaculture production in 
Chesapeake Bay in 2005 was 9 million.  Sales of farmed oysters more than tripled between 2004 
and 2005 and were projected to double between 2005 and 2006 (Crest 2007).  Although oyster 
aquaculture is expanding in Chesapeake Bay, the likelihood that it will continue to expand to a 
level that would result in production of more than 600 million oysters annually and the length of 
time required to achieve that production, if it is possible, are not known. Many of the obstacles to 
development of the industry are discussed below.  Given that the maximum economically viable 
industry is unlikely to be attained in the near future, evaluations of Alternative 4 throughout this 
PEIS that assume the maximum industry are likely to overestimate the magnitude of adverse and 
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beneficial effects of expanding aquaculture operations on all components of the Bay 
environment.   


 
 Regulatory Constraints – Section 5.0 of Appendix C summarizes the complex 
regulations that govern aquaculture operations in Maryland and Virginia. The regulations are 
diverse and subsets of them apply to all modes of aquaculture.  Virginia’s aquaculture industry is 
much more developed than Maryland’s, and Virginia recently revised its regulations to facilitate 
further expansion of that industry.  In Maryland, wild-caught oysters have always dominated the 
oyster fishery, and the State has restrictive laws and regulations that preclude development of an 
aquaculture industry of the size projected for Maryland in the assessment scenario for 
Alternative 4.  A major revision of Maryland’s laws and regulations would be required to remove 
those constraints on industry development.  Similarly, the compact establishing the Potomac 
River Fisheries Commission prohibits aquaculture in the Potomac River.  The Commission is 
planning to pursue modifications of the compact to permit aquaculture within the river.  Such a 
modification would be required before oyster aquaculture could occur in the Potomac. 
  
 Water Quality – The States’ environmental departments regulate the locations from 
which shellfish can be harvested by monitoring the levels of contaminants present in the water, 
particularly the levels of fecal coliform bacteria.  Levels of contaminants must be below certain 
criteria for safe shellfish harvesting.  In some instances, areas closed to shellfish harvesting 
might also be closed to aquaculture operations.  In Maryland, the law permits operators to raise 
shellfish in closed waters and then relocate them to approved waters for depuration before 
harvesting them (D. Merritt, UMD, pers. comm.).  Such an operation is likely to have higher 
operational costs and, thus, to be less attractive to growers.  Locations in which aquaculture is 
implemented would have to be monitored to ensure that they continued to meet water quality 
requirements.  In addition to contaminated waters, aquaculture operations could be constrained 
by low dissolved oxygen.  This constraint would be less likely to apply to suspended 
aquaculture, such as floats, but it could be significant for on-bottom operations in some 
locations.  Uncertainty about the ability to predict the suitability of locations for aquaculture 
could deter potential investors from entering the industry. 


 
 Economic Factors – The economics of the aquaculture alternatives is addressed in 
Section 4.6 and Appendix D.  Economics is discussed here only with regard to its influence on 
estimating the maximum size of the aquaculture industry that might develop over time. The 
demand model used to estimate the maximum economically viable aquaculture industry in the 
Bay inherently assumed that market demand would justify private investment in the industry 
because the industry would be profitable. Expansion of historical forms of cultivation of the 
Easter oyster on leased bottom using on-bottom techniques is highly unlikely due simply to the 
effects of disease. Even if the effects of oyster diseases could be overcome through further 
development of highly disease-resistant strains and culture methods that would reduce disease 
effects (e.g. floats), investment of this nature still would not be likely in Maryland because of  
the existing regulatory barriers, which are described in Section 5.0 of Appendix C.  Theft of 
oysters from leased areas in Maryland is another disincentive for expansion (D. Webster, UMD, 
pers. comm.).  As in any other start-up industry, some public investment may be required to 
stimulate growth.  Webster (2007) described the concept of Aquaculture Enterprise Zones (AEZ) 
being developed by the Maryland Aquaculture Coordinating Council.  The Council plans to 
submit an AEZ plan to the Maryland General Assembly in 2009 as part of a comprehensive 
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legislative package seeking regulatory changes to promote aquaculture.  The Council is 
considering both regulatory and economic incentives that could contribute to fostering growth of 
the aquaculture industry in the state.  The Council views implementing programs through the 
Department of Agriculture as more appropriate than working through the Department of Natural 
Resources, given the economic nature of the aquaculture industry.  Private investment to develop 
the industry may be more likely in Virginia, which is more receptive to aquaculture.  Public 
investment in the aquaculture industry in Virginia is limited primarily to support provided by the 
Aquaculture Genetics and Breeding Technology Center at VIMS; the substantial existing 
operations are all privately funded.  Because of the small profit margins for Eastern oysters, 
however, some stakeholders believe that public investments may be necessary in the future to 
enhance the growth of the industry using the native species (A. Erskine, Cowart Seafood 
Corporation, pers. comm.). 
 


4.1.6 Alternative 5:  Cultivate a Nonnative Oyster 
 


Alternative 5 involves establishing State-assisted, managed, or regulated aquaculture 
operations in Maryland and Virginia using a suitable triploid, nonnative oyster species. Triploid 
oysters generally are considered to be sterile and incapable of reproduction and generally exhibit 
faster rates of growth than normal, diploid oysters.  The objective of this alternative is to permit 
the use of a nonnative oyster that might perform better than the Eastern oyster in aquaculture 
operations in a manner that would avoid establishing a reproductively viable population of that 
species in Chesapeake Bay.   


 
The current method of producing triploids is to breed tetraploid (4n) oysters with diploid 


(2n) oysters (Guo and Allen 1994).  Tetraploids, which have four sets of chromosomes, produce 
twice as many gametes as diploids (Guo et al. 1996).  The triploids resulting from this process 
are said to be “natural” or “genetic” triploids.  An earlier process that produced triploids through 
chemical induction is thought to be much less efficient than the production of genetic triploids 
(Downing and Allen 1987; Allen et al. 1989).  In that process, eggs were treated with a chemical 
called cytochalasin B that inhibited the formation of the second polar body during meiosis.  This 
caused eggs to retain two sets of maternal chromosomes and one set of paternal chromosomes 
resulting in “chemical triploid” offspring.  Detailed discussion of the probability of diploids 
being included in triploid cohorts is presented in Section 4.3 of Appendix B. 
 
4.1.6.1 General Assessment of Consequences for Oyster Abundance 
 


The alternative refers to “…using a suitable ….non-native oyster species…”  Based on 
the findings of reviews of the life history characteristics of several oyster species (Section 2.3.1), 
only the Suminoe and Pacific oysters appear to have potential for use in aquaculture in the Bay.  
Insufficient information was available with which to assess the potential effects of expanded 
aquaculture using the Pacific oyster; consequently, this assessment considers a nonnative 
industry that uses only the Chesapeake Bay stock of the Suminoe oyster (which is descended 
from the Oregon stock; Section 1.4). VSC aquaculture trials and biological investigations 
conducted with triploid Suminoe oysters in recent years provided the basis for an evaluation of 
this alternative.   


 
The development of assessment scenarios for evaluating the aquaculture alternatives is 


described in Appendix C and summarized in the discussion of Alternative 4 (Section 4.1.5).  For 
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the purpose of assessing these alternatives for the PEIS, most aspects of the assessment scenario 
for Alternative 5 are the same as for Alternative 4, including the maximum size of an aquaculture 
industry considered to be economically viable, the number of oysters that industry would 
produce, the representative locations in which production would occur, and the allocation of that 
production among the representative locations. In reality, an industry based solely on triploid 
Suminoe oysters is not likely to develop to the maximum projected size for reasons addressed 
below, and the characteristics of such an industry probably would differ substantially from an 
industry based on the Eastern oyster.  For example, concerns about the possibility of an 
unintended release of diploid Suminoe oysters, which are addressed in Section 4.1.6.2, could 
result in triploid aquaculture being restricted in location, magnitude, or both.  The common 
assessment scenario, however, provides the basis for making a clear distinction between 
Alternatives 4 and 5.   
 


One major factor responsible for differences between aquaculture operations with triploid 
Suminoe oysters and those with diploid or triploid Eastern oysters is the faster growth rate of the 
Suminoe oyster.  Triploid Suminoe oysters could reach market size in as little as 9 months and 
most commonly in less than a year, in contrast to 12 to 18 months for triploid Eastern oysters, 
and up to 36 months for diploid Eastern oysters, depending on aquaculture methods.29 The rapid 
growth of triploid Suminoe oysters means that aquaculture operations would require half or less 
of the area and half or fewer of the number of structures (e.g., off-bottom cages, floats) needed to 
cultivate diploid or triploid Eastern oysters.  Using triploid Suminoe oysters to produce the 
maximum economically viable number of cultivated oysters would require about 1,302 acres 
using floats and about 2,256 acres using off-bottom cages.  Deployment of floats would not 
require any particular bottom type and, thus, would provide somewhat greater flexibility in 
choice of location, although sheltered areas would still be required.  Aesthetic effects and 
interference with boating and other water-related recreation, however, could severely constrain 
the areas in which floats might be deployed (Section 4.7).  Off-bottom cages would require hard 
bottom, but not necessarily oyster shell.  Field maintenance of these operations would have 
smaller costs than the costs for larger operations needed for the native oyster, which is discussed 
further in Section 4.6.  Costs associated with biosecurity issues (e.g., certification of spat, state 
inspectors, monitoring) probably would contribute to increased costs.   


 
Triploid Suminoe oysters appear to produce greater biomass per unit shell length (i.e., are 


heavier at a given shell size) than Eastern oysters.  In limited 
studies conducted in 2005 and 2006, a biomass index (gm wet 
weight/mm shell length) for triploid Suminoe oysters for the 
period January to October was 80% greater than the index for 
diploid Eastern oysters, and 30% to 60% greater than the index 
for triploid Eastern oysters (data provided by Dr. S. Allen, 
VIMS).  An operation using triploid Suminoe oysters, therefore, probably would  produce 


                                                 
 
29 Grow-out rates of oysters can vary widely depending on the season of deployment of spat, the size of the spat 
when deployed, the site-specific growing conditions, and water quality, in particular salinity.  That variation is 
evident in data presented in Appendix C that were provided by participants in an aquaculture workshop.  Figures 
presented here are intended to be representative of typical grow-out rates, recognizing that they can vary 
significantly. 


Available habitat could support the 
maximum economically viable 
production of cultivated triploid 
Suminoe oysters. 
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substantially greater amounts of oyster meat than a similar operation using either diploid or 
triploid Eastern oysters over the same period of time.  Mr. A.J. Erskine, of the Bevans Oyster 
Company, Cowart Seafood Corporation, confirmed that outcome based on his experience with 
cultivating triploid Suminoe oysters in recent pilot studies as part of the Virginia Seafood Trials.  


 
Cultivated triploid Suminoe oysters would have to be contained in structures such as off-


bottom cages or floats, based on the assumption that cultivating triploids in containment would 
be an effective protection against accidentally introducing a reproductively viable population 
into the Bay.  Despite this general assumption, several pathways via which cultivation of triploid 
Suminoe oysters could result in a diploid introduction have been identified (Section 4.1.6.2).  
One step in one pathway is loss of triploids into the Bay.  Recovery of oysters seeded in on-
bottom operations is never complete; consequently, uncontained, on-bottom aquaculture would 
be likely to result in a substantial cumulative loss of triploid Suminoe oysters over a period of 
years.  Such losses would be significantly reduced in confined operations, in which the only loss 
would be accidental.  Floats, however, pose the greatest risk of accidental release of triploids 
because they are exposed to wave action during storms, boat collisions, etc.   


 
Triploid Suminoe oysters would have to be produced in hatcheries. Diploid brood stocks 


of the Suminoe oyster (descended from the Oregon stock) are maintained at the University of 
Maryland’s Horn Point oyster hatchery and at VIMS.  Dr. Stan Allen of VIMS produces all 
triploid Suminoe oysters used in studies and aquaculture trials in Chesapeake Bay.  VSC trials 
have shown 70% to 90% survival of triploid spat to market size consistently, except at a few sites 
where all oysters died; the cause of the mortality was not determined.  Based on that survival 
rate, about 750 million to 1 billion triploid spat would be needed to produce the projected 
maximum number of market-size triploid Suminoe oysters (676.4 million).  Dr. Allen indicated 
that the current brood stocks of diploid Suminoe oysters probably could produce one billion spat 
per year, but that several years would be required to develop sufficient brood stock to produce 
that number of spat consistently or to support greater production.  A facility with the production 
capacity of the University of Maryland’s Horn Point hatchery would be required to produce the 
one billion triploid Suminoe spat. That hatchery would have to be equipped with biosecurity 
systems for the diploid brood stock and for the processes used to produce triploids; therefore, the 
cost of producing the number of triploid Suminoe spat needed to support the projected industry 
would be greater than the cost of  producing the required number of diploid Eastern oyster spat.  
The economic implications of this difference in costs are explored in Section 4.6.2.6.   


 
Several kinds of mistakes at hatcheries could result in releasing some diploid spat in 


batches of triploid spat for use in aquaculture operations, which is explored in Section 4.1.6.2.  
One way to reduce the potential for such errors would be to centralize production in a single, 
State-certified hatchery.  Operators at such a facility would be expected to be highly proficient 
and to implement rigorous quality controls, thus reducing the risk of human error.  Such a 
hatchery could be used to provide the spat needed for all production throughout the Bay.  Spat 
for use in the on-going aquaculture pilot programs and research with triploid Suminoe oysters are 
being produced essentially in this manner.  Strict operation protocols and compliance monitoring 
of multiple hatcheries by a State regulatory agency might be an alternative approach to 
minimizing hatchery errors. 
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The same factors discussed with respect to Alternative 4 could constrain or prevent the 
development of the maximum viable industry for cultivated triploid Suminoe oysters 
(Alternative 5); however, the outcomes of the factors could differ somewhat.  Effects on other 
elements of the environment, such as boating and aesthetics, are discussed in later parts of 
Section 4, and those discussions assume the projected maximum industry production of triploid 
Suminoe oysters.   
 
 Availability of Habitat – Habitat would be a lesser constraint for this alternative than it 
would be for Alternative 4 because on-bottom, unconfined cultivation of triploid Suminoe 
oysters probably would not be permitted, and only a single cohort of Suminoe oysters would 
have to be in the water at any given time to reach the maximum production figure.  The area 
required to cultivate triploid Suminoe oysters (about 1,301 acres using floats or 2,255 acres using 
off-bottom cages) would be substantially less than for Eastern oysters.  For example, the 
aquaculture assessment scenario allocates 38% of total production to the Northern Neck site, 
where only about 483 acres would be required for maximum production of cultivated Suminoe 
oysters using floats.  This example suggests that available habitat could support the maximum 
economically viable production of cultivated triploid Suminoe oysters. 


 
 Production Capacity – Because of their relatively rapid growth, cultivated Suminoe 
oysters would be likely to require greater quantities of food than would be needed to cultivate 
Eastern oysters.  The locations used in recent VSC trials with triploid Suminoe oysters are likely 
to be optimal sites.  The availability of a sufficient number of optimal sites to support the 
maximum production is not known.  Food limitations could result in reduced growth rates for 
triploid Suminoe oysters in some areas, which could result in failure to achieve the projected 
maximum production.  The carrying capacity of any candidate locations for a large-scale 
aquaculture operation would have to be assessed to avoid the potential for food limitation. 


 
  Rate of Industry Development – As discussed for Alternative 4, an industry capable of 
the maximum projected production would not be likely to develop within the 10-year assessment 
period established as a benchmark for comparing the alternatives.   


 
 Regulatory Constraints – The same regulatory constraints that would limit aquaculture 
under Alternative 4 would limit aquaculture under Alternative 5, particularly in Maryland.  
Requirements (e.g., biosecurity systems) that could be needed to obtain permits for using a 
nonnative species could be additional constraints. 
 
 Water Quality – Water quality criteria for the locations in which triploid Suminoe oysters 
could be cultivated would be at least the same as those for Alternative 4.  Suminoe oysters 
appear to bioaccumulate some contaminants faster than Eastern oysters do (C. Mitchelmore, 
UMCES, CBL, pers. comm.). Section 4.13.1 describes the rates at which Suminoe and Eastern 
oysters accumulate disease organisms and depurate themselves in more detail.  Nappier et al. 
(2008) recently reported that Suminoe oysters accumulate more of some viruses and retain them 
longer than Eastern oysters do, thus posing a risk for human health.  The Maryland Department 
of Environment (MDE), however, has stated that its system for classifying waters as part of the 
National Shellfish Sanitation Program (NSSP) would preclude the harvest and cultivation of 
shellfish in waters bearing the concentrations of pathogens used in Nappier’s study (MDE 2008).  
MDE concluded, therefore, that the Suminoe oyster would pose no greater risk to public health 







 
4-46 


than any other shellfish.  Virginia also follows the NSSP in its management of shellfish harvest 
and cultivation.   
 
 Economic Factors – All of the economic factors described for Alternative 4 would be 
applicable to Alternative 5.  Several characteristics of the Suminoe oyster could affect its 
economic value for aquaculture and limit the growth of a Suminoe oyster industry.  The species 
has a shorter shelf life than the Eastern oyster (i.e., it does not survive being out of water for as 
long as the Eastern oyster), which makes is less suitable for the more lucrative half-shell market.  
It is also more susceptible to disfiguration by the worm Polydora, which creates unattractive 
“mud blisters” on the shell (Section 4.1.1.2).  Growers using triploid Suminoe oysters in the 
Virginia Seafood Council trials, however, consider them to be very lucrative for the shucking 
market because of their rapid growth. The influences of these factors and the effect of the addi-
tional cost of producing triploid Suminoe oyster larvae on the economics of this alternative are 
discussed in Section 4.6.2.   
 
4.1.6.2 Potential for Introduction of Diploids as a Result of Cultivating Triploids 
 


The most significant difference between Alternatives 4 and 5 is that Alternative 5 poses 
the risk of accidentally introducing a reproductively viable population of a nonnative species into 


Chesapeake Bay.  An unintended introduction is considered a 
risk in this case because cultivating triploids, which are 
considered to be sterile,  is intended to exploit the potential 
economic benefits of the nonnative species while satisfying 
the desire of some stakeholders to avoid the ecological risks 
of introducing a nonnative species into the Bay.  The 
pathways by which an inadvertent introduction might occur as 
a result of implementing Alternative 5 and their associated 


probabilities are discussed in detail in Appendix B (Sections 4.3.1 and 4.3.2) and summarized 
here.  


 
The likelihood that a diploid introduction would result from cultivating triploids was 


evaluated using a risk assessment process developed by the U.S. Department of Agriculture for 
evaluating the potential invasiveness of non-indigenous species (ANSFT 1996; Orr et al. 1993).  
Qualitative information and quantitative data were gathered to estimate the number of 
reproductive nonnative oysters that would be expected at a hypothetical representative 
aquaculture location within 10 years of implementing Alternative 5.  In this analysis, a potential 
reproductive population was considered to begin with two collocated, reproductive, diploid 
Suminoe oysters. Collocation was defined as one individual located within a 1-m radius of 
another individual such that the area of collocation would be 3.14 m2 (i.e., the area of a circle 
with radius equal to 1 m).  This is intended to be a very generous definition of a reproductive 
population. The analysis involved defining the pathways by which individual diploid Suminoe 
oysters could be released to the Bay from various aspects of the aquaculture operations.  The 
outcome of the chain of events is expressed in terms of the number of diploid individuals that 
might result from each pathway for a representative aquaculture operation.  The combined 
influences of all aquaculture operations were estimated within one of the locations identified in 
the aquaculture assessment scenario as a possible site for expanded aquaculture (Nanticoke 
River; Figure 4-4).   


The most significant difference 
between Alternatives 4 and 5 is that 
Alternative 5 poses the risk of 
accidentally introducing a 
reproductively viable population of a 
nonnative species into Chesapeake 
Bay.   
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Six major pathways were identified that could contribute to the release of diploids.  The 
first four pathways are depicted in Figure 4-6.  Each pathway is composed of a series of events 
that would have to occur in sequence in order for that pathway to be fulfilled.  Pathway A deals 
with the possibility that triploid oysters deployed in the field, although expected to be sterile, 
could in fact be fertile.  If some triploids produce viable gametes, then a fertile triploid could 
mate with a diploid to produce diploid offspring. (The accidental diploid in cultivation that might 
be available for such a cross would have arisen during the tetraploid-by-diploid crosses 
performed in the hatchery to produce triploids. Pathways A and C account for the possible 
presence of diploids in batches of triploids deployed for cultivation.) The outcome of a triploid-
by-diploid  cross depends on which parent (male or female) is the triploid (Mann et al. 2009), 
and probabilities used in the analysis reflect that difference (Section 4.3.1 of Appendix B).  
Pathway B examines the possibility that a fertile triploid could mate with another fertile triploid 
to produce diploid offspring.  Pathway C considers the possibility that diploids that arose during 
the diploid-by-tetraploid cross designed to produce triploids in the hatchery could remain 
undetected among batches of triploids deployed for cultivation and  cross with each other in 
diploid-by-diploid crosses. Triploid cells sometimes revert to the diploid state.  If reversion were 
to occur within gametic cells, it could restore the reproductive capacity of the now 
triploid-diploid mosaic oyster.  Pathway D looks at the likelihood that reproductive mosaics 
could arise among triploids in cultivation and yield diploid offspring.  Common elements in the 
first four pathways include the probabilities of finding suitable substrate, settling, completing 
metamorphosis, and surviving. 


 
 The last two pathways, E and F (Section 4.3.1 of Appendix B; not shown in PEIS Figure 
4-6), consider the possibility of an accidental release from a field site or a hatchery. Attachment 
C of Appendix B is a table describing known accidental releases from all deployments of 
triploids that have occurred since aquaculture pilot studies and research began in Chesapeake 
Bay and elsewhere along the East Coast.  Such releases occurred, for example, when a Taylor 
float broke free from the PVC floats due to failure of the plastic ties used to secure it.  In another 
case, an anchor struck and dragged one of the cages six feet.  This caused the cage to break open, 
and the oysters to fall out.  The data summarized in that table were used to estimate the 
probability of accidental release represented in Pathway E. Out of 109 studies, there were 12 
reports (11%) that documented that oysters were lost.   Of those, only 10 provided sufficient 
information on which to base an estimate of the loss rate.  Of the 524,200 oysters deployed at the 
time of those 10 incidents at the sites where the incidents occurred, 13,153 (2.5%) individual 
oysters were lost.  Approximately 10,723 (81.5%) of the oysters that were lost were recovered 
and the remaining 2,430 (18.5) were unaccounted for.  Pathway F specifically considers the 
release of diploids from a hatchery due to a catastrophic event (e.g., a hurricane destroys a 
biosecure hatchery facility) or to human error.  One example of human error could occur during 
production of triploids.  Diploid-by-tetraploid crosses are engineered in the hatchery to produce 
triploids.  If either the diploids or tetraploids being raised in the hatchery for such crosses were to 
change sex, then either the diploids or tetraploids could mate with each other.  These crosses 
could give rise to diploid offspring that might subsequently escape from the hatchery (M. 
Luckenbach, pers. comm.).  The risk of an  accident of this nature would increase in proportion 
to the number of facilities producing triploids because the likelihood of accidental violations of 
ICES’ stringent biosecurity protocols would increase with the number of hatcheries.  One means  
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Figure 4-6. Model of pathways for triploid-to-diploid risk assessment; details of the 
probabilities associated with each element of the chain of events are discussed in 
Section 4.3.1 of Appendix B.
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of minimizing this risk would be to centralize the production of larvae and spat to one or two 
locations that are certified specifically for those operations.  Centralizing operations would allow 
for greater oversight of the implementation of quarantine protocols.  In any event, there is no 
basis for quantifying error probabilities for Pathway F; therefore, the probability for that pathway 
is unknown and unpredictable.  Any diploids arising from pathways E and F would enter 
pathways A, C, or D. 


 
Another means by which Suminoe oysters might enter the Bay is a “rogue” introduction, 


in which some party obtains live triploid Suminoe oysters on the open market and places them in 
the Bay.  Those triploids would then enter pathway F, except that the number of triploid oysters 
purposely placed in the Bay could be significantly larger than the number that might be released 
by accident.  In addition, the planted triploids probably would be in closer proximity to each 
other than triploids released from aquaculture by accident.  These factors would increase the 
probability of eventual production of diploids from the planted triploids.  Also, given the large 
diploid brood stock of Suminoe oysters being maintained in hatcheries in the Bay area, an 
individual might somehow be able to obtain diploids from one of the triploid production facilities 
and plant them with the specific intent to initiate a self-sustaining population.   The likelihood of 
a rogue introduction probably would increase with the number of triploid Suminoe oysters being 
cultured, but, as in the case of hatchery releases, there is no basis for quantifying the probability 
of these kinds of event. 


 
A probability was assigned to each step within each pathway for which a probability 


could be quantified (Section 4.3.1 of Appendix B).  All available sources of information for the 
Suminoe oyster were collected and evaluated for use in the chain of events.  Sources of 
information included peer-reviewed journal articles, conference proceedings, empirical data from 
experiments in progress, and principal investigators’ annual reports to funding agencies.  The 
VSC trials represent some of the largest studies of triploid Suminoe oysters, and information 
from those studies also was valuable.  When information for Suminoe oysters was not available, 
information for an ecologically similar congener such as the Eastern or Pacific oyster was sub-
stituted. 


 
During the public review period for the Draft PEIS, a reviewer identified errors in some 


of the original calculations (Rogers 2008), and they were revised accordingly.  Researchers at 
VIMS who reviewed the revised calculations provided several suggestions for improving the 
triploid-to-diploid risk model, including improving parameter estimates, splitting out the triploid 
fertility pathway depending on which parent (male or female) is the triploid (Mann et al. 2009), 
and proposing an alternative approach for estimating the number of diploids that might arise in 
the hatchery during the initial tetraploid-by-diploid cross (M. Luckenbach, pers. comm.).  The 
analysis used to estimate the number of diploids resulting from large-scale aquaculture presented 
in this Final PEIS includes many of the modifications suggested by those reviewers.  The 
confidence with which the probabilities in the analysis can be estimated is a function of the 
amount and quality of the available, relevant information.  Given the paucity of such 
information, outcomes from this model must be viewed with caution.  Given such considerable 
uncertainty, estimates used for each step in each pathway were selected to ensure that calculated 
values would tend to overestimate the probabilities of events.  Mann et al. (2009) indicated that 
estimates for the following parameters are, indeed, overestimates: survivorship of larvae from a 
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triploid-by-diploid cross, survivorship of larvae from a triploid-by-triploid cross, survivorship of 
larvae from diploid-by-diploid cross, probability of finding suitable substrate, and probability of 
successful metamorphosis.  All of these estimates are based on hatchery data that might not 
reflect what would happen under natural field conditions; however, no other estimates are 
available (Mann et al. 2009). 


 
Carrying through the appropriate computations using the probabilities shown in Table 4-2 


of Appendix B, the cumulative number of diploid Suminoe oysters that might be  
 in the Bay at a representative aquaculture location after 10 years via the four pathways that 
could be estimated is 6.04 X 107 oysters.  This value was calculated for a hypothetical 
representative aquaculture operation in a single location in the Bay.  The specific number would 
change in response to changes in the assumed number and concentration of aquaculture 
operations in any single location.  For successful fertilization to occur, oysters must spawn 
within close proximity to each other.  This evaluation assumed that the presence of 2 or more 
individuals within 1 m of each other constitutes a reproductive population.  Considering the 
amount of oyster habitat available in the representative tributary (8,900,000 m2 in Nanticoke 
River, GIS layers from the Maryland Bay Bottom Survey), the number of diploids within a 
square meter after a period of 10 years is estimated to be 6.78.  The estimated number of diploids 
expected to occur within the area of collocation (3.14 m2 or the area of a circle with radius of 1 
m) is 21.3.   


 
 This analysis probably overestimates the number of diploids that would be present in the 
vicinity of one aquaculture location the end of 10 years of large-scale cultivation of triploids 
because the model that generated the estimates is based on several unrealistic assumptions 
designed deliberately to approximate the worst-case 
scenario for an unintentional introduction.  The model 
assumes that all diploid larvae that survive to spat fall 
would settle successfully within the relatively small area 
of suitable habitat available within the water body in 
which they were produced. The model further assumes 
that no diploids would die within 10 years of 
implementation of Alternative 5, and that the maximum 
aquaculture industry considered to be economically 
viable would be in place within Bay waters for 10 
consecutive years. The probability of collocation of two 
diploid Suminoe oysters is related to the number of 
triploid oysters in aquaculture and the availability of 
substrate. Each of these factors would affect the density 
of individuals and the potential for two individuals to be collocated. The numbers of diploid 
Suminoe oysters that might be released to the Bay via the two other pathways (i.e., rogue 
introduction/human error and catastrophic events) could not be calculated because the 
probabilities of such events could not be estimated. Predicting how feral diploid Suminoe oysters  
produced through any of the pathways might be dispersed (i.e., rates and patterns)  from 
aquaculture locations to other areas of the Bay is not possible at this programmatic level of 
evaluation because the specific locations of future aquaculture operations (i.e., hatcheries and 


This analysis probably overestimates the 
number of reproductive Suminoe oysters 
that would be likely to occur at a 
representative aquaculture location after 10 
years of operation because the model was 
designed to approximate the worst-case 
scenario for accidental introduction.  It 
assumes that all larvae would remain within 
the river basin where they were produced, 
that all surviving larvae would find and 
settle on appropriate habitat, and that all 
settled diploids would survive throughout 
the 10-year period. 
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cultivation sites) and quantities of triploids that might be deployed for cultivation cannot be 
determined with any certainty. 
 
 The likelihood of occurrence of collocated diploid individuals would decrease if  


 
• an aquaculture industry of the projected size were unable to become established 


within a decade or ever in the future;  


• ICES quarantine protocols were followed properly at hatcheries that produce triploid 
larvae and spat;  


• hatchery production of triploids were concentrated in a central facility;  


• sizes of individual aquaculture operations were limited to reduce the probability that 
two diploids could be present and reproduce;  


• the period between deployment and harvest were limited to prevent having sexually 
mature triploids in the water during the reproductive season;  


• diploid eggs, larvae, or juveniles were to suffer high mortality (e.g. predation from 
blue crabs); 


• suitable habitat were not available for settling diploid larvae; 


• some larvae were to settle on bars that prove to be unsuitable for reproduction (i.e., 
“sink bars”) and could not contribute to further population growth; 


• competition for space with the Eastern oyster were strong for settling larvae; 


• collocated diploid recruits were of the same sex or failed to successfully reproduce;  


• diploid Suminoe oysters were to become susceptible to diseases in the Bay;  


• the rate of reproduction of diploid adults were to be so limited that no sustainable 
population is ever established.   


 
 The likelihood of occurrence of collocated diploid individuals would increase if   


 
• ICES quarantine protocols were not followed properly at hatcheries that produce 


triploid larvae and spat;  


• hatcheries were distributed throughout the Bay, magnifying the potential for human 
error; 


• continuous aquaculture were to occur in the same location over many years;  


• triploid Suminoe oysters were deployed at high densities; 


• the period between deployment and harvest were long enough to allow sexually 
mature triploids to be in the water during the reproductive season; 


• the accumulating diploids produced through each of the four estimated pathways 
were to  reproduce, resulting in greater numbers after 10 years than the simple total of 
the annual estimates; 
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• the number of escaped triploids that revert to reproductive diploids were to 
accumulate over time;  


• larvae were readily able to find suitable habitat on which to settle; 


• larvae were to settle on  bars demonstrated to produce significant numbers of larvae 
that disperse to other bars in the Bay; 


• competition for space were weak for settling larvae;  


• diploid eggs, larvae, or juveniles were to suffer low mortality (e.g., predation from 
blue crabs) and survive indefinitely;  


• diploid Suminoe oysters were to continue to resist diseases occurring in the Bay; 


• a rare storm strong enough to damage or destroy a hatchery or other aquaculture 
facilities were to occur; 


• the general public was sold live triploid Suminoe oysters that could be reintroduced to 
the Bay.  


 
 The validity of these methods for estimating the numbers of diploid Suminoe oysters that 
might be released to the Bay unintentionally as a result of cultivating triploids cannot be 
assessed.  Considering information from the VSC field trials, however, might provide some 
insight. Triploid Suminoe oysters have been cultivated in some locations in Virginia every year 
for seven of the past eight years (2000 to 2008, except during 2002) in the VSC field trials.  As 
many as 100,000 triploid oysters were deployed in some locations in each of the 7 years.  The 
oysters generally were deployed in early summer and harvested in the fall of the same year 
because they reached market size within that time.  Using actual numbers of triploids deployed in 
the VSC field trials in Chincoteague Bay and the Lynnhaven River (J. Travelstead, VMRC, pers. 
comm.) from 2000 to 2008, the model estimated that 86,779 diploids would have been produced 
in Chincoteague Bay and 105,788 diploids would have been produced in the Lynnhaven River  
No comprehensive surveys of habitat within the vicinity of triploid aquaculture sites have been 
conducted to monitor for the presence of Suminoe oysters; however, one might assume that 
aquaculture operators would have noticed the presence of feral Suminoe oysters in the 
abundance suggested by the model, particularly because the Suminoe oyster’s rapid rate of 
growth would make nonnative oysters more conspicuous than native oysters in the same area.  
The lack of reported observations of large feral Suminoe oysters in the vicinity of active 
aquaculture trial sites appears to support the contention that the model presented here 
overestimates the number of free, potentially reproductive individuals that would be likely to 
result from cultivating triploids; however, a much more comprehensive survey of all suitable 
habitat in the vicinity of the VSC trial sites would be required to obtain data that could support  
any more definitive conclusions. 
 
 Some limited sampling of spat on the shells of cultivated oysters of both species was 
performed in several locations in which triploid Suminoe oysters have been cultivated, but that 
sampling was conducted only between 2003 and 2005 and in 2009.  In the surveys conducted 
between 2003 and 2005, a total of 3,905 spat were collected from the shells of both triploid 
Suminoe oysters and Eastern oysters at 8 different VSC trial sites; 211 were examined for ploidy 
and species, and all of them were identified as Eastern oysters (S. Allen, VIMS, and A.J.  
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Erskine, Cowart Seafood Corporation, pers. comm.).  The 2009 survey was conducted in Tom’s 
Cove in Chinocoteague, Virginia, and on the Lynnhaven River in Virginia Beach, Virginia, in 
areas adjacent to VSC aquaculture trial sites (Hudson 2009).  Samples included individual spat 
and clusters of multiple spat.  At the Chincoteague site, a total of 451,500 triploid Suminoe 
oysters were deployed from 2000 through 2008.  All but one of the 132 spat collected from the 
shells of oysters in cultivation at the Chincoteague site in 2009 were diploid Eastern oysters, and 
the remaining 1 was a triploid Eastern oyster.  At the Lynnhaven River site, a total of 550,400 
triploid Suminoe oysters were deployed between 2000 and 2008.  In 2009, 138 of the 139 
collected spat were diploid Eastern oysters, and 1 was a triploid Eastern oyster.  The researcher 
suggested that the individual triploid Eastern oyster spat found at each site were accidental 
discards from batches of native triploids deployed for cultivation. Perry (2009) reviewed 
Hudson’s (2009) study of spat on the shells of oysters in cultivation and concluded that the 
sampling was opportunistic and was not conducted according to an accepted scientific or 
statistical sampling design. Perry (2009) argued that the probability of not observing Suminoe 
spat in such a small sample is unacceptably high and that Hudson’s results are not evidence of 
the absence of feral reproductive Suminoe oysters in the system. 


 
Some stakeholders have observed that the worst-case scenario modeled in this analysis 


yields numbers of diploid Suminoe oysters introduced to the Bay as a result of large-scale 
aquaculture of triploids that exceed the number to be seeded in the representative introduction 
plan for the proposed action. The introduction plan calls for large numbers of seed to be planted 
annually throughout the Bay, but an accidental introduction via triploid aquaculture probably 
would occur gradually, as the magnitude of triploid aquaculture at individual locations increased 
over time.  When or if the number of triploids deployed at a single location would reach the 
starting figures used in the model is unknown; consequently, the level of uncertainty concerning 
the number of seed to be planted to implement an intentional introduction is low, and the level of 
uncertainty concerning the number of seed that might be released unintentionally as a result of 
implementing Alternative 5 is very high. 
 
 Given the many unknowns in the analyses for this evaluation and the variety of possible 
pathways of introduction, no specific level of risk could be determined for the overall likelihood 
that implementing Alternative 5 would result in an unintended introduction of reproductive 
Suminoe oysters in Chesapeake Bay. Some stakeholders believe that an unintended introduction 
is a certain outcome of large-scale aquaculture of 
triploids.  The estimated maximum number of 
collocated reproductive individuals at an aquaculture 
location would seem to support this contention, at least 
nominally.  Certainly, if free collocated diploids 
survived for an extended period of time, and the level of 
triploid aquaculture activity remained high in fixed 
locations, the number of diploids at large in the Bay 
would continue to accumulate, and the risk of 
establishing a self-sustaining population of Suminoe 
oysters would increase proportionately with time. Whether that risk eventually would reach 
100% would depend on the longevity and fate of the gradually increasing number of diploids, 
and all of the factors that could constrain the establishment and expansion of an intentionally 


Although the likelihood that an initiating 
pair of diploid oysters in close proximity to 
each other in the Bay could arise from 
triploid aquaculture appears to be great, no 
specific level of risk of unintentional 
introduction resulting from implementing 
Alternative 5 could be determined because 
of the many uncertainties involved in the 
analyses. 
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introduced population (Section 4.1.2.2) also would affect accidentally introduced oysters. The 
estimates presented here do not address the likelihood that the initiating pair (i.e., two 
reproductively capable oysters within one meter of each other) would survive to reproductive age 
and reproduce successfully, or that their progeny would settle and reach reproductive age. Also, 
while the probabilities of an introduction via pathways E and F could not be estimated, they 
would be additive to the probabilities of the pathways that were modeled.  The level of 
uncertainty concerning the risk of an unintentional introduction as a result of Alternative 5 is 
high due to lack of information about many contributing factors; nevertheless, if a self-sustaining 
population of Suminoe oysters actually were to become established throughout the Bay as result 
of large-scale aquaculture of triploids, the ecological consequences would be similar to those 
discussed for the proposed action (Sections 4.1.1 and 4.2.1). 


 
4.1.7 Alternative 8:  Combination of Alternatives 


 
4.1.7.1 Combination 8a – Eastern Oyster Only (Alts. 2, 3, & 4) 
 
 This combination of alternatives differs from Combinations 8b and 8c in that no 
reproductively viable (diploid) or triploid Suminoe oysters would be introduced into Chesapeake 
Bay. Under this combination of alternatives, Bay-wide oyster abundance probably would 
increase in low-salinity waters and remain constant or continue to decline in high-salinity waters 
in the 10 years following implementation.  Some population growth might occur in higher 
salinities if disease resistance developed in the population. Local increases in oyster abundance 
would occur where aquaculture operations increased, but many factors could constrain the 
development of the industry and decrease the likelihood of achieving the maximum 
economically viable production of oysters. This combination has the least potential of the three 
combinations for producing a significant increase in oyster abundance. Efforts to increase the 
abundance of the Eastern oyster included in this combination of alternatives would require 
significant increases in spat production (approximately 1.5 times greater than current production 
capacity at the Horn Point hatchery) and a two-fold increase in the amount of habitat restored 
(from an average of about 1200 acres per year in Maryland and Virginia in recent years to an 
average of about 2200 acres per year).  
 
4.1.7.2 Combination 8b – Eastern Oyster and Triploid Suminoe Oysters (Alts. 2, 3, 4, & 5) 
 
 Under this combination of alternatives, management actions involving a nonnative 
species would be restricted to those associated with cultivating triploid Suminoe oysters. Bay-
wide oyster abundance probably would increase in low-salinity waters in response to continuing 
restoration efforts and remain constant or continue to decline in high-salinity waters in the 10 
years following implementation.  Some population growth might occur in higher salinities if 
disease resistance developed in the population. Local increases in oyster abundance would occur 
where aquaculture operations were established and expanded, but many factors could constrain 
the development of the industry and decrease the likelihood of achieving the maximum 
economically viable production of oysters.  The size of operations may be less than under 8a 
because cultivating triploid Suminoe oysters would require fewer oysters and less space. Large 
scale and/or long-term cultivation of triploid Suminoe oysters is likely to result in an eventual 
introduction of reproductively viable Suminoe oysters (Section 4.1.6.2).  Significant increases in 
spat production (approximately two times greater than current production capacity at the Horn 
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Point oyster hatchery) and a two-fold increase in recent levels of habitat restoration would be 
required to implement restoration activities identified in this combination. 
 
4.1.7.3 Combination 8c – Eastern Oyster and Diploid and Triploid Suminoe Oysters 


(Proposed Action + Alts. 2, 3, 4, & 5) 
 


 This combination has the greatest potential to significantly increase oyster abundance 
throughout the Chesapeake Bay; however, uncertainty is high regarding whether that potential 
would be realized because of the many potentially constraining factors (Section 4.1.1). Local 
increases in oyster abundance would occur where aquaculture operations were established and 
expanded, but many factors could constrain the development of the industry and decrease the 
likelihood of achieving the maximum economically viable production of oysters. The size of 
operations may be less than under 8a because cultivating triploid Suminoe oysters would require 
fewer oysters and less space.   Significant increases in spat production (two to three times greater 
than current production capacity at the Horn Point hatchery) would be needed to fully implement 
all of the management measures included in this combination.  Implementation of this alternative 
also would require a two-fold increase in the average amount of oyster habitat that has been 
restored in recent years.  
 


4.2 OTHER COMPONENTS OF THE ECOSYSTEM 
 
An ERA (Appendix B) was conducted to assess the potential ecological consequences of 


the proposed action and alternatives on Eastern oysters and all other components of the 
ecosystem of Chesapeake Bay. The decision to use an ERA as an assessment tool for this PEIS 
was based on the NRC’s recommendation to evaluate the potential ecological outcomes of 
introducing the Suminoe oyster into Chesapeake Bay before deciding to implement the 
introduction (NRC 2004).   Using an ERA as the basis for 
assessing the environmental consequences of a proposed 
action and alternatives is not a typical element of the NEPA 
process (Section 1.1).  Using the results of an ERA to 
compare the potential benefits of a series of actions in 
addition to their risks also is atypical; consequently, the 
results of the assessment are presented differently in the 
ERA report (Appendix B) than is appropriate for use in a PEIS.  Given these disparities, the 
results of the ERA had to be reorganized and, in some cases, extrapolated to contribute to the 
assessments presented in this PEIS. 


 
 In the context of the stated purpose of action for this PEIS, the key ecological risk of the 
proposed action and all the alternatives is the risk of failing to restore the Bay-wide population of 
oysters to the historical reference level and, consequently, failing to restore the level of 
ecological services that oysters once provided to the ecosystem of Chesapeake Bay.   In the 
terms used in risk assessment as applied in the ERA, therefore, oyster abundance is the 
“stressor,” meaning that changes in the abundance of oysters can affect “receptors” (see Sections 
2.2 and 2.3 of Appendix B).  Receptors in this case are a wide variety of groups of species that 
could be affected by changes in the abundance of oysters in the Bay. 
 


An ecological risk assessment (ERA) 
provided the basis for characterizing 
the environmental consequences of the 
proposed action and alternatives on 
the Chesapeake Bay ecosystem. 
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Oysters interact with the components of their ecosystem both directly and indirectly in 
many different ways. Section 2.3 of Appendix B describes the approach used to manage the 
enormous task of assessing ecological risks across such a wide array of possible interactions 
between the stressor and many receptors and such a large geographic scale as the entire 
Chesapeake Bay. Fourteen representative species or communities were designated as receptors 
for the ERA (PEIS Section 3.2; Appendix B Section 2.3).  Collectively they represent the major 
components of the Bay’s ecosystem that could respond to changes in oyster biomass via direct or 
indirect mechanisms.   Descriptions of the potential mechanisms of interaction between oysters 
and the receptors are provided in Section 3.2 of this PEIS and in Section 2.4.2 of Appendix B.   


 
The researchers who performed the ERA developed a relative risk model (RRM) for 


Chesapeake Bay to characterize the direct and indirect ecological influences of changes in the 
abundance of oysters that might result from implementing the alternatives.  RRMs have been 
shown in other applications to be useful tools in the field of risk assessment. RRMs have been 
developed to evaluate declines in Pacific herring (Landis et al. 2004), environmental conditions 
in the Willamette and McKenzie rivers in Oregon (Luxon and Landis 2005), rain forest preserves 
in Brazil (Moraes et al. 2002), and other regional assessments (Landis 2005).  The RRM 
developed for this application required much simplification of the complex interactions between 
oysters and receptors in Chesapeake Bay in order to make the assessment manageable; 
nevertheless, it captures the major ways in which oysters influence the entire ecosystem.   


 
An RRM synthesizes quantitative and qualitative information to derive a numerical value 


called an RRM score.  In the ERA for Oyster Restoration Alternatives (Appendix B), RRM 
scores represent the relative degree of influence that changes in oyster biomass projected to 
result from implementing an alternative could have on each receptor.   The relative degree of 
influence was derived by considering the various direct and indirect ways that oysters influence 
other organisms and comparing the magnitudes of those individual kinds of interactions (Section 
3.4.3 of Appendix B).   The magnitude of change in oyster abundance and the spatial distribution 
of that change in the Bay would differ among the alternatives (Section 4.1).  Those differences 
would then influence receptors to different degrees in different regions of the Bay.  Some 
receptors, such as reef-oriented fish, use oysters directly for food or habitat, and the relative 
influence of a change in oyster abundance on such receptors would be high.  Other receptors 
interact with oysters only indirectly, such as by preying on another receptor that might be 
influenced by oysters in some way.  RRM scores were adjusted for direct and indirect 
relationships according to the proportion of suitable bottom habitat available for oysters in 
various segments of the Bay (Section 3.4.3.1 of Appendix B).   The scores should be viewed in 
relation to one another and are intended to indicate relative degrees of influence of the stressor 
on different receptors within one alternative.   


 
RRM scores can be either positive or negative.  A positive influence is any consequence 


of a change in oyster biomass that might support or encourage an increase in the abundance, 
health, or distribution of the receptor population.  A negative influence is any consequence of a 
change in oyster biomass that might cause or contribute to a decrease in the abundance, health, or 
distribution of the receptor population.  “Positive” and “negative” do not imply “good” or “bad” 
outcomes for the Bay as a whole from a management perspective; the terms refer only to 
potential increases or decreases in ecological components.  For example, a negative influence on 
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phytoplankton (i.e., a decrease in phytoplankton) might be judged to be good from a 
management perspective because it could help improve water quality. 


 
RRM scores are presented in stacked histograms (i.e., multicolored bars).  Each bar is 


composed of color-coded segments such that each segment corresponds to an individual 
receptor.  The width of the segment corresponds to the relative magnitude of influence on that 
receptor.  The placement of the segment in relation to “0” on the scale indicates the direction of 
the influence (i.e., left of 0 represents a negative influence; right of 0 indicates a positive 
influence). The RRM results for a single alternative are presented separately for each of six 
state/salinity zones: Maryland oligohaline (MD OH), Maryland mesohaline (MD MH), Maryland 
polyhaline (MD PH), Virginia oligohaline (VA OH), Virginia mesohaline (VA MH), and 
Virginia polyhaline (VA PH).   These zones were established based on some geographical 
limitations of exploratory modeling projections of the abundance of Eastern oysters described in 
Appendix A and data availability.  Salinity zones were used in presenting RRM results because 
the geographical distribution of many of the receptors in the Bay is strongly influenced by 
salinity, and oligohaline, mesohaline, and polyhaline zones30 are commonly used in charac-
terizing ecological communities (of which the receptors are members) of the Bay ecosystem.  
The degrees of influence (i.e., RRM scores) varied by several orders of magnitude; therefore, 
RRM scores are reported on an approximate logarithmic scale ranging from +5 to -5 to capture 
both very small and very large influences, as described in Appendix B (Section 3.4.3.1).  


 
Deriving RRM scores required quantifying the expected change in the biomass of oysters 


over a period of 10 years following implementation for each of the alternatives.  RRM scores 
could not be derived for the proposed action because the Bay-wide abundance of oysters that 
might result from introducing the Suminoe oyster could not be estimated at this time (Section 
4.1.1); consequently, the potential ecological effects of the proposed action were assessed 
through an interpretive synthesis of findings of applicable research (Section 4.2.1.).  The 
assessment of the proposed action assumes that implementing that action would produce a self-
sustaining population of Suminoe oysters and that the species would become widely established 
and abundant throughout the Bay.  This assumption is conservative from the perspective of an 
impact assessment because the potential for adverse ecological effects would be proportional to 
the size of the population of Suminoe oysters, and any adverse effects attributable to the intro-
duced oyster would be maximized if the proposed action were “successful” and  the Suminoe 
oyster population met or exceeded the historical reference population goal defined for the PEIS.   


 
Although limitations were prescribed on acceptable applications of the results of 


exploratory modeling to project changes in oyster abundance that might result from 
implementing the alternatives (see Note to Readers of Appendix A), modeled projections were 
used to provide a basis for contrasting potential differences in ecological outcomes at the 


                                                 
 
30 Exploratory modeling results for individual oyster bars were grouped into low, medium, and high salinity 
categories that roughly match oligohaline, mesohaline, and polyhaline zones.  In the model, salinities of bars vary 
annually according to modeled freshwater input; therefore, the classification of bars near the boundaries of salinity 
zones can change from year to year. The assignment of bars to zones was based on the average salinity at each bar 
over the 1000 simulations for each alternative.  The result is that many bars characterized as oligohaline based on 
model simulations are located in Chesapeake Bay Program segments classified as mesohaline. 
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geographic scale of the six state/salinity zones among the alternatives.  All limitations and 
uncertainties identified for the demographic model are equally applicable to the RRM 
characterizations. 


   
4.2.1 Proposed Action:  Introduce the Suminoe Oyster and Continue Efforts to Restore 


the Eastern Oyster 
 
As noted above, this evaluation assumes a successful introduction of the Suminoe oyster, 


in which the species would become established and abundant throughout the range of the Eastern 
oyster in the Bay.  This assumption represents a “worst case” scenario from the perspective of 
stakeholders who believe that introducing a nonnative oyster is undesirable.  That is, the 
following assessments of the potential ecological effects of the proposed action examined the 
potential consequences if the species were to become abundant and widespread.  If an 
introduction were to fail to establish a large and self-sustaining population of Suminoe oysters 
throughout the Bay, there would be no potential for adverse ecological effects, except the 
potential for introduction of new diseases, which is discussed in Section 4.3.1. 


 
4.2.1.1 Provision of Ecosystem Services  


 
 If Suminoe oysters were to become established throughout the Bay, the risk that they 
would not provide ecosystem services similar to those afforded by Eastern oysters is low 
(Section 4.2.1 of Appendix B).  The ability to create habitat by building reefs is one such 


ecosystem service.  Oyster reefs form through many 
generations of gregarious settlement, growth, and in situ 
mortality.  The resulting reef is a conglomeration of many 
layers of accreted shell material with a dense cover of live 
oysters growing on the surface.  Nearly all species of 


oysters throughout the world, including those of the genus Crassostrea, form reefs (R. Mann, 
VIMS, pers. comm.).  The ability of oysters to construct reefs is a desirable quality that can have 
many positive ecological effects.  Reefs provide complex, three-dimensional habitat for reef-
dwelling organisms such as crabs, worms, and fish.  Such biodiverse reefs represent an important 
food resource for several commercially valuable species that occupy higher trophic levels.  The 
close proximity of oysters to each other on reefs also increases the likelihood of successful 
fertilization (Pavlos 2004).  Another effect of reef-building is its influence on shell budget.  
Oyster larvae require sediment-free, hard surfaces for successful settlement.  Growing and 
expanding oyster populations require new shell and increased coverage of the bottom with shell.  
Laboratory studies have demonstrated that the larvae of both Suminoe and Eastern oysters 
readily settle on the shells of either conspecifics or congenerics (Tamburri et al. 2008).   The 
ERA considered ecological services associated with provision of reef habitat for other Bay 
species, provision of food for other Bay species, and filtration capacities of both oyster species.  
If the introduction were successful, the species would be expected to populate historical oyster 
habitat and other hard substrates in the subtidal zone.   
 


The Suminoe oyster can tolerate high loads of suspended sediment and exist in muddy 
systems (albeit on shell); therefore, reefs of the species could provide localized benefits for SAV 
by buffering the action of waves and currents and by filtering suspended solids from the water.  


The Suminoe oyster is expected to 
provide ecological services in the Bay 
similar to those of the Eastern oyster. 
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Reefs of the Suminoe oyster would provide habitat for other species; however, no studies have 
investigated if the small-scale structure of reefs of Suminoe oyster or mixed-species reefs would 
attract and support the same biological community that reefs 
of the Eastern oyster do.  The ERA concluded that the 
Suminoe oyster does not appear likely to overgrow soft 
bottom areas.  If the Suminoe oyster were to expand into 
soft-bottom areas, however, that expansion could begin to 
compensate for the significant loss of hard-bottom habitat that has occurred in recent decades 
(approximately 70% loss over the past 20 years; Section 4.1.1).   


 
 


4.2.1.2 Potential for the Suminoe Oyster to Introduce and Spread Disease 
 
The possibility that introducing the Suminoe oyster could result in introducing and 


spreading diseases to other species in the Bay is an important potential effect on the Chesapeake 
Bay ecosystem.  East Coast populations of the Eastern oyster 
have been devastated by diseases introduced through past 
importations of nonnative oysters (Section 1.2); 
consequently, the possibility of introducing new diseases that 
could further compromise the health of shellfish and other 
species in the Bay is a major concern related to implementing 
the proposed action.  As described in detail in Section 4.2.3 


of Appendix B, if ICES protocols are followed, introducing Suminoe oysters from the Oregon 
stock would pose a negligible risk of introducing new shellfish diseases into Chesapeake Bay. 


 
The NRC (2004) did not consider the possibility that an established population of 


Suminoe oysters could provide a reservoir for future diseases that may be introduced to the Bay 
and subsequently pose a risk to other shellfish species.  The ERA judged this additional, 
incremental ecological risk to other bivalve species (e.g., clams, mussels, oysters) in the Bay to 
be low.  The logic for this conclusion is as follows:  If a pathogen that is able to infect a variety 
of bivalve species were to be introduced in the future, its potential host species are already 
present in the Bay, and the addition of the Suminoe oyster would provide only one more host 
species.  The absence of the Suminoe oyster would not eliminate the future ecological risk. Its 
presence would represent a small incremental ecological risk to other bivalve species; the 
magnitude of the additional risk would be proportional to the size of the population of the 
Suminoe oyster.      


 
Infected oysters in an aquaculture setting can transmit some diseases to other oysters, 


suggesting that if Suminoe oysters were to become abundant in the Bay, the species could serve 
as a disease reservoir that would exacerbate infection of the Eastern oyster. Under aquaculture 
conditions, Suminoe oysters with 73% to 92% prevalence of P. marinus successfully transmitted 
the infection to diploid Eastern oysters to prevalence levels of 50% to 60% (Vasta et al. 2006, 
2008).  Breitburg et al. (2007) demonstrated that proximity to infected individuals may be 
important for disease transmission.  They found that the infection rate for all oysters (triploid 
Suminoe oysters, diploid Eastern oysters, and triploid Eastern oysters) was relatively low 
(prevalence 5%-15%) when they were placed 10 to 12 m away from caged diploid Eastern 


The ERA concluded that the Suminoe 
oyster does not appear to be likely to 
overgrow soft bottom areas. 


If ICES protocols are followed, 
introducing Suminoe oysters from the 
Oregon stock would pose a negligible 
risk of introducing new shellfish 
diseases into Chesapeake Bay. 
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oysters that had been infected with Dermo.  When placed inside the cage with infected diploid 
Eastern oysters, all oysters had greater infection rates (prevalence of 55% for caged triploid 
Suminoe, prevalence of 81% for caged diploid Eastern oysters, 
and prevalence of 87% for caged triploid Eastern oysters) 
compared to oysters located outside the cages. Burreson et al. 
(2005) placed Bonamia-infected Suminoe oysters in aquaria 
with Suminoe oysters that had not been previously exposed to 
Bonamia.  Analyses at four weeks and at six weeks indicated that Bonamia had not been 
transmitted to the previously Bonamia-free Suminoe oysters.  The ability of Suminoe oysters to 
transmit diseases, therefore, appears to vary with the disease. 


 
Reece et al. (2008) showed that the pathogen Perkinsus beihaiensis could be transmitted 


from the oyster Crassostrea hongkongensis, a species that is easily confused with the Suminoe 
oyster based on visual identification, to other bivalve species, including the Eastern oyster, the 
Suminoe oyster, and the hard clam Mercenaria mercenaria.  This study reflects the potential for 
a wild oyster from China to serve as a vector for transmitting disease to other bivalves within 
Chesapeake Bay if an introduction were to occur without following ICES protocols.    


 
4.2.1.3 Ecological Effects of a Successful Introduction on Other Species 


 
Interactions among species are considered the most important mechanisms by which 


changes in the abundance or kind of oysters in the Bay could influence other receptors; 
nevertheless, many of the specific details of these interactions are not well known or quantified. 
The ERA concluded that the presence of a self-sustaining population of Suminoe oysters in 
Chesapeake Bay would pose a negligible to low risk of diminishing the services provided by 
other components of the ecosystem (Section 4.2.1 of Appendix B); however, the level of 
uncertainty associated with that conclusion is moderate. In a review of bivalve aquaculture and 
exotic species, McKindsey et al. (2007) noted that predictions of the risk that a bivalve species 
introduced for aquaculture would spread and of its potential effects on the receiving ecosystem 
are only as good as the information available to predict them.  Novel interactions within a new 
environment could limit the accuracy of predictions based solely on information from elsewhere, 
and knowledge of how introduced species would function in receiving ecosystems usually is 
extremely limited.  Novel interactions are likely to arise that could not be predicted, even with 
the best information and foresight.   Although the ERA researchers endeavored to consider the 
major kinds of predictable interactions between Suminoe oysters and other components of the 
Chesapeake Bay ecosystem, they acknowledged that uncertainty about this particular conclusion 
is moderate because of inadequate understanding of all of those many and varied interactions, as 
well as lack of knowledge about the characteristics of Suminoe oyster reefs or mixed-species 
reefs in open waters of Chesapeake Bay.  


 
Based on the conclusion that Suminoe and Eastern oysters are likely to provide similar 


ecosystem services in Chesapeake Bay, the extent to which the proposed action would influence 
other components of the Bay’s ecosystem would be a function of the extent to which it resulted 
in an increase in oyster abundance.  As discussed in Section 4.1.1, available data, information, 
and analysis tools are insufficient to predict the likelihood of success of the proposed action or 
the resulting abundance of oysters in the Bay; consequently, the RRM was not employed to 


The ability of Suminoe oysters to 
transmit diseases appears to vary 
with the disease. 
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evaluate the ecological consequences of the proposed action. If successful, the proposed action 
would be likely to result in a substantial increase in the ecosystem services of oysters in 
Chesapeake Bay, particularly an  in high-salinity waters where Eastern oysters are most severely 
affected by Dermo and MSX.  These services would be related to providing food and habitat, 
buffering SAV and shorelines against waves and currents, and increasing water clarity (Section 
4.3).  The habitat provided by Suminoe oysters and their influences on algae, SAV, and water 
quality would affect other ecological receptors, including the fish and wildlife of the Bay.  These 
influences would be largely positive, except for some small negative influences associated with 
reducing the biomass of algae (e.g., negative influences on species that rely on planktonic algae 
for food). Given the scale of anticipated reductions, these negative influences on the biomass of 
algae would positively influence other ecological receptors that use SAV. The relative degree of 
influence of the Suminoe oyster on other ecological receptors would be proportional to changes 
in oyster biomass in a manner similar to the influences portrayed for increases in biomass of the 
native oyster in response to Alternative 2 (Section 4.2.3). 


 
One additional potential interaction between Suminoe oysters and other species in 


Chesapeake Bay involves the setting behavior of Suminoe oyster larvae. Some stakeholders have 
expressed concern about whether Suminoe oysters would set on the shells of other bivalve 
species, such as mussels.  This concern has arisen because the Pacific oyster (C. gigas) has 
become an invasive species in the Wadden Sea, where its larvae show a preference for setting on 
mussel shells.  As described in the ERA (Section 4.2.4 of Appendix B), Pacific oysters in the 
Wadden Sea have overtaken beds of commercially valuable mussels. Büttger et al. (2008) noted, 
however, that although competition between mussels and the Pacific oyster for limited space and 
probably for food is anticipated to be important on a small scale, there is no evidence that the 
oyster has displaced mussels. None of the studies of the setting behavior of Suminoe and Eastern 
oyster larvae conducted to date (discussed in Section 4.2.1.4) have included shell of species other 
than oysters; consequently, no data are available from which to determine if Suminoe oyster 
larvae are more likely than Eastern oyster larvae to set on the shells of other species.   


 
4.2.1.4 Potential Outcome of Competition between  Suminoe and Eastern Oysters 


 
 The possibility that an abundant and self-sustaining population of Suminoe oysters in 
Chesapeake Bay might drive the Eastern oyster to extinction is another potential ecological 
effect of significant concern among some stakeholders.  This topic is discussed in detail in 


Section 4.2.2 of the ERA (Appendix B).  The ERA 
concluded that the risk is moderate to high that Suminoe 
oysters would interact and compete with Eastern oysters.  
The Suminoe oyster was identified as a candidate for 
introduction to Chesapeake Bay because its salinity and 
temperature requirements closely match those of the Eastern 
oyster (Section 4.1.1); therefore, the two species would be 
likely to occupy the same habitat.  The two species would 
interact in several ways that were discussed in Section 4.1.1, 
but their responses to some stressors differ.  The Suminoe 
oyster is more vulnerable to hypoxia and to exposure in 


intertidal areas, which might provide some degree of niche separation between the species. The 
Eastern oyster could be favored on deeper bars that may experience episodes of hypoxia or 


The ERA concluded that the risk is 
moderate to high that Suminoe oysters 
would interact and compete with 
Eastern oysters.  The Suminoe oyster’s 
rapid growth and disease resistance 
would afford the species a competitive 
advantage in high-salinity waters, but 
the advantage would be less at low 
salinities. 
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anoxia, and in intertidal areas.  The amount of intertidal oyster habitat within the Chesapeake 
Bay is very limited and represents only a small percentage of total historical oyster habitat in the 
Bay; therefore, the magnitude of the benefit of the intertidal area to Eastern oysters (i.e., for 
avoiding competition with the Suminoe oyster) would be small. Although experiments indicate 
that the Eastern oyster tolerates hypoxia better than the Suminoe oyster (Section 4.1.1), exposure 
to hypoxia increases the intensity of Dermo and MSX infections in Eastern oysters and the rate 
of mortality from those diseases (Paynter 1996), which would minimize the Eastern oyster’s 
competitive advantage in areas that experience intermittent hypoxia.  The Suminoe oyster’s rapid 
growth and disease resistance would afford the species a competitive advantage in high-salinity 
waters, but the advantage would be less at low salinities (Section 4.1.1).   
 
 The larvae of the two oyster species might also compete for hard substrate on which to 
settle.  The process by which oysters select and attach to surfaces probably is mediated by a 
variety of physical, chemical, and biological cues.   Laboratory studies have shown that both the 
Suminoe oyster and the Eastern oyster have a 1 to 2.5 times greater preference for settling on 
natural substrates such as shell and granite than on man-made substrates such as PVC, fiberglass, 
and steel (Tamburri et al. in press).  The absence of sediment and the presence of a biofilm on a 
natural substrate  at least doubled the rate of settlement for both natives and nonnatives in most 
instances (Luckenbach et al. 2005a; Tamburri et al. 2008).  Despite their preference for settling 
on natural materials, Suminoe oysters appear to be more capable of settling on man-made 
substrates than Eastern oysters are, indicating that Suminoe oysters might adhere to surfaces like 
boat bottoms more frequently than Eastern oysters do (Tamburri et al. 2008).  No studies have 
investigated if either oyster species prefers to settle on the shells of other kinds of shellfish, such 
as mussels or clams.   
 
 Although most of the interactions described in the ERA are negative in nature, one 
positive interaction is possible.  A successful population of Suminoe oysters might produce shell 
for colonization by oyster spat of both species, resulting in the formation of mixed-species reefs.  
The Suminoe oyster is most commonly found in mixed-
species reefs in its native waters.  In that circumstance, a 
naturalized population of the Suminoe oyster could 
contribute to the sustainability of both species.  The ERA 
concluded that the two species are likely to co-exist, but that 
the form of that co-existence could range from local 
extinction of one or the other of the species to mixed reefs 
(Section 4.2.2 of Appendix B).  The relative dominance of either of the species probably would 
vary with local environmental conditions.  Uncertainty about the nature and extent of 
competitive interactions between the two species is considered moderate to high because nearly 
all of the available information comes from laboratory studies or limited field trials, which may 
not accurately characterize the outcomes if both species were present in the same location in the 
open waters of Chesapeake Bay. 


 
4.2.2 Alternative 1:  No Action 


 
This alternative involves continuing current oyster restoration and repletion programs in 


Maryland and Virginia and managing oysters under current rules and regulations as described in 
Section 4.1.  The alternative was anticipated to result in little or no increase in Bay-wide oyster 


The ERA concluded that the two 
species are likely to co-exist, but that 
the form of that co-existence could 
range from local extinction of either 
species to mixed reefs. 
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biomass over a 10-year period following implementation. Any increase probably would occur in 
the low-salinity zone in Maryland (Section 4.1.2).  Figure 4-7 presents expected RRM outcomes 
for Alternative 1 that reflect the anticipated zone-specific changes in oyster abundance.  The 
ERA predicted small potential negative influences for phytoplankton (via increased consumption 
by oysters), the benthic soft-bottom community (via reductions in the amount of organic matter 
from phytoplankton that reaches the sediment), zooplankton (via competition with oysters for 
phytoplankton food), planktivorous fish (via reduction in phytoplankton food), and avian soft-
bottom feeders (via indirect effects of potential reduction in the soft-bottom community) as a 
result of increased oyster abundance in the state/salinity zones where oyster abundance would 
increase (most prominently in the MD OH).  Note that the potential for competition for food 
between oysters and other receptors is based on the interactions among species that share 
phytoplankton resources either directly or indirectly.  Those species are unlikely to be food-
limited in Chesapeake Bay, except in circumstances where very high densities of oysters may be 
present in restricted areas; RRM scores reflect the potential for those interactions to occur 
because of the biological characteristics of the receptors, but do not represent a predicted Bay-
wide effect.   


Figure 4-7. RRM outcome for Alternative 1.  The scores were adjusted to account for the 
amount of oyster habitat in the respective salinity zones (Appendix B). 


 
The ERA predicted positive influences for all other receptor groups in the zones with 


increased oyster biomass; all of those receptors would benefit directly or indirectly from 
increases in oyster biomass, either as a source of food or habitat, or indirectly through changes in 
water quality.  The most positive influences would occur in the MD OH zone, which reflects the 
greater increase in biomass anticipated in that zone.  In contrast, the most negative influences 
would occur in the VA PH zone, where the greatest relative decrease in oyster biomass is 
anticipated.  The RRM value for benthic hard bottom and reef-oriented fish (not presented in 
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Figure 4-7) ranged from -1 to 2 in Maryland zones and from -0.01 to -2 in Virginia zones.  These 
differences between the states for benthic hard bottom and reef-oriented fish reflect the relative 
increase in oyster biomass predicted for the MD OH zone and the relative decrease in oyster 
biomass predicted for all of the salinity zones in Virginia. 


 
4.2.3 Alternative 2:  Enhance Restoration  


 
Alternative 2 represents an enhancement of restoration programs for the Eastern oyster 


beyond the level of current programs, as described in Section 4.1.3.  Restoration under this 
alternative involves only the Eastern oyster; therefore, ecological interactions involving oysters 
are expected to be similar to those observed historically in the Bay. As described in Section 
4.1.3, the greatest increases in oysters under this alternative would be expected in low-salinity 
waters in Maryland, and an overall increase of as much as a factor of five in Bay-wide 
abundance might occur.  Potential positive and negative influences for all receptor groups would 
stem from direct or indirect effects due to increases or decreases in oyster biomass, either as a 
source of food or habitat, or through changes in water quality.  Figure 4-8 presents RRM scores 
for Alternative 2.  All the projected influences on the groups of ecological receptors are small 
(less than 1), but they are greater than those projected for Alternative 1.  The small negative 
influence that increasing oyster biomass would have on phytoplankton and animals that depend 
on phytoplankton can be seen within the MD OH zone.  As indicated for Alternative 1, the RRM 
scores reflect the potential for food-related interactions to occur because of the biological 
characteristics of the receptors, but do not represent a predicted Bay-wide effect.  The greater 
magnitudes and numbers of positive influences in the MD OH zone compared with Alternative 1 
reflect the greater increase in oyster biomass anticipated to occur there.  The RRM values for 
benthic hard bottom and reef-oriented fish ranged between 0.1 and 5 in the Maryland zones; they 
ranged between -1 and 1 in the Virginia zones, where declines or only slight increases are 
anticipated.  


 
The increase in oyster biomass expected in oligohaline waters in Maryland over the 10 


years following implementation of Alternative 2 would be driven primarily by spat planting 
rather than by enhanced reproduction of a growing in-situ oyster population because oyster 
reproduction is minimal at low salinities, as described in Section 4.1.3.  This suggests that the 
population would begin to decline after the amount of spat planting reached its maximum, in 
year 7 of the representative implementation plan (Section 4.1.3).  As in the case of Alternative 1, 
potential development of disease resistance could contribute to greater population growth, while 
continuing habitat loss would constrain that growth.  RRM scores would change in proportion to 
the change in oyster biomass over time. 


 
4.2.4 Alternative 3:  Harvest Moratorium 


 
Alternative 3 involves implementing a temporary moratorium on harvesting native oysters. For 
the purposes of this PEIS, the moratorium was assumed to be in place over the entire 10-year 
assessment period.  RRM values for this alternative (Figure 4-9) track directly and positively 
with expected changes in oyster abundance (Section 4.1.4).  The potential effects of a harvest 
moratorium would vary according to unpredictable environmental conditions and the magnitude 
of past and current harvest rates, which are poorly defined.  As a result, the changes in oyster 
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Figure 4-8. RRM outcome for Alternative 2. The scores were adjusted to account for the 
amount of oyster habitat in the respective salinity zones (Appendix B). 


 
 
 


Figure 4-9. RRM outcome for Alternative 3.  The scores were adjusted to account for the 
amount of oyster habitat in the respective salinity zones (Appendix B). 
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abundance under a harvest moratorium are highly uncertain.  Restoration programs under this 
alternative would be the same as under Alternative 1; consequently, the greatest increases in 
oyster abundance would occur in low-salinity areas in Maryland and Virginia.  Receptors in two 
zones, VA MH and VA PH, could be negatively influenced, assuming a continuing decline in 
population in those zones.  RRM scores would increase and decrease in proportion to the change 
in oyster biomass. 


 
One consequence of a harvest moratorium that was not addressed in RRM assessments is 


that it would eliminate the disturbance of oyster habitat caused by harvesting. Regardless of the 
kind of gear used, harvesting results in the removal of oysters and shell from the bottom and 


breaks up reef structure.  The catch is sorted, and empty 
shells and oysters that are smaller than market size are 
returned to the water.  Some watermen contend that this 
manipulation of substrate is analogous to tilling the soil on a 
farm and that it enhances oyster populations.  Given the rate 
of loss of hard-bottom substrate in the Bay discussed in 


Section 4.1.1, lifting and redepositing shell might counteract the effects of sedimentation to some 
extent; however, the disruption of shell structure also might expose the remaining small oysters 
to increased predation by species such as the cownose ray. Lenihan et al. (2004) found that a 
statistically significant proportion of oysters, up to 10%, are incidentally killed but not harvested 
during each harvesting event as a result of being cracked, broken, or punctured by harvesting 
gear such as oyster dredges.  In addition, disruption of the structure of oyster communities on 
bars could enhance the rate of natural deterioration of shell, a major factor in shell loss (Mann 
2007b).  If the watermen’s contention is true, cessation of harvest could contribute to a greater 
rate of habitat loss than is projected for Alternative 1.  If the latter contentions are true, cessation 
of harvest could contribute to protecting oysters from predation and eliminate the incidental 
mortality due to harvest. No studies of the effects of current harvest methods on existing low-
profile oyster bars in the Bay have been conducted that provide evidence to support or refute 
either contention. 


 
Another consequence of a harvest moratorium is that it would eliminate an impediment to 


the natural development of disease resistance in the population of Eastern oysters. As discussed 
in Section 4.1.2, harvesting an oyster population that is 
severely affected by diseases may slow or halt the 
development of disease resistance in the exploited population 
by removing disease-resistant individuals that would 
otherwise contribute to the growth of the oyster population 
and propagate the genetic traits for disease resistance.   The 
length of time (i.e., number of generations of oysters) required for disease resistance to develop 
throughout the Chesapeake Bay oyster stock has never been established and is likely to be 
substantial, as discussed in Section 4.1.2.  


 
4.2.5 Alternative 4:  Cultivate Eastern Oysters 


 
This alternative involves expanding aquaculture of the Eastern oyster in Chesapeake Bay.  


The effects of aquaculture on ecological receptors would differ depending on how the aqua-


A  moratorium would eliminate the 
disturbance of oyster habitat and  the 
incidental mortality of unharvested 
oysters caused by harvesting. 


A moratorium would eliminate an 
impediment to  natural development of 
disease resistance in the population of 
Eastern oysters. 
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culture is implemented.  On-bottom, unconfined operations would enhance hard-bottom habitat 
and the receptors that depend on it.  Confined aquaculture in off-bottom cages might contribute 
some additional habitat, whereas confined aquaculture in floats or suspended bags would provide 
less.  Based on input from aquaculture experts (Appendix C), operations for the Eastern oyster 
were assumed to be primarily on-bottom because of the cost efficiencies associated with this 
method.  Such on-bottom aquaculture would use spat on shell placed in the Bay.  Spat on shell 
are less vulnerable to predation than unattached oysters.  As they grow, planted spat would 
contribute to an increase in habitat, food, or both, but that increase would be temporary because 
the cultivated oysters would be harvested when they reach 
market size.  As discussed in Section 4.1.5, planted diploid 
Eastern oysters would be in place for about 36 months, 
whereas triploids would be in place for 18 to 24 months 
before reaching market size.  Given the regular manipulation 
of cultivated oysters (i.e., annual placement and intensive 
retrieval, which repeatedly disrupt the oyster-reef habitat) and 
the possibility that some growers would choose off-bottom 
methods, the contribution of increased aquaculture to the 
amount of habitat or food available in the ecosystem would be minimal on a Bay-wide scale. The 
cultivated oysters, however, would offer filtration capacity and the indirect effects associated 
with that biological function.  Benefits might be more substantial on a local basis.  Aquaculture 
assessment scenarios were developed to explore the effects of this alternative on ecological 
receptors (Section 4.1.5 and Appendix C).    The estimated maximum economically viable 
aquaculture industry is not likely to develop within the 10 years immediately following 
implementation of Alternative 4, and its distribution within the Chesapeake Bay could vary from 
the assessment scenario.  Changing the size and distribution of expanded aquaculture operations 
would alter the projected magnitude of ecosystem influences. 


 
The influences associated with the assumptions stated in the aquaculture assessment 


scenario are illustrated in Figure 4-10.  Although the direct effect of habitat and food provided by 
cultivated oysters is assumed to be negligible, the filtration capacity of the oysters would have 
small influences on other ecological receptors in the VA OH and VA PH zones (Figure 4-10).  
These small influences reflect indirect benefits or detriments for receptors due to increases or 
decreases in food, habitat, or water quality related to increases in oyster biomass. The greater 
negative influence on plankton in VA PH is due solely to the fact that the aquaculture assessment 
scenario allocates most of the expanded aquaculture to that zone.   


 
Changes in dissolved oxygen and TSS projected for the proposed action and other 


alternatives are attributable to the broad spatial scale of the analyses for the PEIS (Section 4.3.1).  
Larger influences would be expected at the scale of individual tributaries or Chesapeake Bay 
segments, and the magnitude of effects would be a function of the relative numbers of oysters in 
the water body and local hydrodynamics.  This factor is particularly relevant for evaluating the 
potential ecosystem effects of the aquaculture alternatives.  Aquaculture sites can be selected and 
are not necessarily dependent on bottom type (e.g., floats and off-bottom cages can be used to 
culture Eastern oysters in areas where no oyster cultch exists); therefore, aquaculture operations 
could be concentrated in restricted areas that would optimize the value of the increased filtration 
capacity for improving water quality.  The trade-off is that concentrating operations could 


Increased cultivation of Eastern 
oysters would contribute only a 
minimal amount of food and habitat 
to the ecosystem Bay-wide but 
would provide increased filtration 
capacity and the indirect benefits of 
that ecosystem service.  
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overwhelm the food supply available for the cultivated oysters.  Decreased food supply could 
reduce growth rates and adversely affect the economics of the aquaculture operation.  Additional 
analyses for selected tributaries or sites would be required to quantify such interactions and 
effects.  


 
Figure 4-10. RRM risk scores for Alternative 4, assuming that cultivated oysters provide 


negligible habitat or food for other ecological receptors  
 
 
Concentrated shellfish aquaculture creates the potential for some adverse effects on water 


quality, sediment, and benthos (Attachment D of Appendix B).  Although the most significant 
adverse effects have been reported for high-density culture of mussels in confined water bodies, 
similar effects might occur with oysters.  Greater rates of sedimentation and enriched organic 
content in sediments underneath or near aquaculture units are likely to result from increased 
biodeposition in the form of pseudofeces excreted by the cultured oysters.  These effects are 
likely to result in an increase in benthic microalgal production in the sediments and possibly 
secondary production as well.  Although reduced oxygen availability in the sediment is possible, 
current evidence for Eastern oysters indicates that aquaculture does not result in anoxic 
sediments.  Greater percentages of fine-grain substrates associated with aquaculture may make 
those locations more prone to erosion or sediment redistribution by wave energy.  Some studies 
have reported that aquaculture is associated with changes in the composition of the 
phytoplankton community because oysters selectively filter larger cells; however, such effects 
would be similar whether the oysters were cultured or wild and are related only to oyster 
abundance.  Increased concentrations of dissolved nitrate and ammonia nitrogen could be 
expected through resuspension of biodeposits and excretion.  Oysters that fall from off-bottom 
aquaculture units could attract predators; however, this effect would be no different than that 
resulting from aggregates of oysters growing unconfined on the bottom.   


-5 -4 -3 -2 -1 0 1 2 3 4 5


RRM Risk Scores


Benthic soft bottom 
SAV
Blue crab 
Phytoplankton 
Zooplankton
Planktivorous fish
Piscivorous fish 
Avian oyster predators
Avian piscivores 
Avian soft-bottom feeders
Mammalian piscivores
Reptiles (turtles) 


MD OH 


MD MH 


MD PH 


VA OH 


VA MH


VA PH 


-5 -4 -3 -2 -1 0 1 2 3 4 5


RRM Risk Scores


Benthic soft bottom 
SAV
Blue crab 
Phytoplankton 
Zooplankton
Planktivorous fish
Piscivorous fish 
Avian oyster predators
Avian piscivores 
Avian soft-bottom feeders
Mammalian piscivores
Reptiles (turtles) 


MD OH 


MD MH 


MD PH 


VA OH 


VA 


VA PH 







 


 
4-69 


4.2.6 Alternative 5:  Cultivate a Nonnative Oyster 
 


The aquaculture assessment scenario described for Alternative 4 also was used for this 
alternative.  The RRM outputs for Alternative 4 shown in Figure 4-10 are generally represen-
tative of expectations for Alternative 5.  That is, some small negative influences on phytoplank-
ton and zooplankton and some small positive influences on SAV would be expected in the 
Virginia zones where aquaculture would be concentrated.   


 
Two differences between Alternatives 4 and 5 could result in somewhat divergent 


outcomes: 
 
• All aquaculture operations using a nonnative oyster would be required to use confine-


ment; most operations would use off-bottom cages or floats. 
 
• Less area would be required to produce the estimated maximum number of cultivated 


triploid Suminoe oysters indicated in the assessment scenario because of the species’ 
faster growth rate (Section 4.1.6). 


 
Confined aquaculture would provide habitat that is different in structure and possibly in location 
than natural oyster-reef habitat. Although such habitat may provide structure and refuge, the 


likelihood that it would support the same species that inhabit 
natural oyster bars and reefs is not known. Aquaculture operators 
would seek to minimize the loss of oysters, which would limit the 
degree to which cultivated oysters would provide food to the rest 
of the ecosystem. The potential contribution of Suminoe oysters 
in this mode of aquaculture would be even smaller than the effect 
of off-bottom cages described for Alternative 4 because cages of 


Suminoe oysters would be in the water for a much shorter period than cages of triploid Eastern 
oysters.    


 
Relative growth rates of the different kinds of oysters also would affect their influence on 


ecosystem receptors.  Appendix C describes the growth rates of diploid and triploid Eastern 
oysters and triploid Suminoe oysters, the mode of aquaculture, and the required habitat in detail.  
Although the results of the combinations and permutations of oyster, habitat, and method are 
variable, some outcomes are predictable.  The growth rate of triploid Suminoe oysters, which can 
reach market size in less than a year, is faster than that of triploid Eastern oysters, which may 
take 12 to 18 months in off-bottom culture or 18 to 24 months in on-bottom culture to reach 
market size, or diploid Eastern oysters, which may take 36 months.  The consequence of these 
differences is that three times as many diploid Eastern oysters as triploid Suminoe oysters would 
have to be in cultivation in the Bay at any given time to achieve the target annual production 
defined in the aquaculture assessment scenario.  Suminoe oysters would be cultured in 
confinement and would not require hard bottom habitat; consequently, the area required to 
cultivate Suminoe oysters would be one half to one third the area required to produce the same 
number of cultivated Eastern oysters (Section 4.1.5 and Appendix C).  Although individual 
Suminoe oysters grow faster, they begin life as spat that are the same size as Eastern oyster spat.  
Eastern oysters in cultivation at any given time would be of three annual cohorts and would have 


Habitat created by confined 
aquaculture of triploid Suminoe 
oysters would be different in 
structure and location than 
natural oyster-reef habitat. 
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a much greater size distribution than cultivated Suminoe oysters; consequently, the actual total 
biomass of cultivated oysters might be similar between the two alternatives even though 
Suminoe oysters are likely to have greater biomass for the same shell length, as described in 
Section 4.1.6. 


 
Although the maximum aquaculture industry for the Suminoe oyster would occupy a 


smaller area than for the Eastern oyster, Suminoe oysters 
would require more food than a similar number of Eastern 
oysters in a similar location because of their faster rate of 
growth.  Cultivating Suminoe oysters, therefore, could 
result in greater local effects on water quality parameters 
such as TSS and water clarity.  Similarly, cultivating 
Suminoe oysters could generate more concentrated 
biodeposition, creating the potential for the kinds of 
adverse effects discussed under Alternative 4.   
 


One risk of cultivating triploid Suminoe oysters is the possibility of inadvertently 
releasing diploids into the Bay at large, which then might establish a reproducing population of 
the species.  Section 4.1.6 discusses the magnitude of that risk.  If a self-sustaining population 


were to be established in the Bay as a result of this 
alternative, the ecological consequences would be as 
projected for the proposed action (Section 4.2.1).  The 
number of diploids that might be released from aquaculture 
operations via the six pathways evaluated (Appendix B) is 
greater than the number of oysters to be seeded in the 
proposed introduction program. Many stakeholders viewn 
an unintended introduction resulting from implementing 


this alternative is to be, and it would be irreversible.  If a reproducing population were to become 
established, eradicating  it would be impossible.   
 


4.2.7 Alternative 8:  Combination of Alternatives 
 
4.2.7.1 Combination 8a. – Eastern Oyster Only (Alts. 2, 3, & 4) 
 
 Increases in oyster abundance as a result of implementing this combination of alternatives 
would be expected to occur primarily in low-salinity areas of Maryland and Virginia. A small 
negative influence on phytoplankton and receptors that depend on phytoplankton would be 
possible under some circumstances and a small positive influence would be expected for other 
receptors in these areas. 
 
4.2.7.2 Combination 8b. – Eastern Oyster and Triploid Suminoe Oysters (Alts. 2, 3, 4, & 5) 
 
 Increases in oyster abundance as a result of implementing this combination would be 
expected to occur primarily in low-salinity areas of Maryland and Virginia. A small negative 
influence on phytoplankton and receptors that depend on phytoplankton would be possible under 
some circumstances in these areas. Aquaculture of triploid Suminoe oysters probably would be 
limited to off-bottom floats or cages; consequently, the direct effects of the provision of habitat 


Although the maximum aquaculture 
industry for the Suminoe oyster would 
occupy a smaller area than for the 
Eastern oyster, Suminoe oysters would 
require more food than a similar number 
of Eastern oysters in a similar location 
because of their faster rate of growth. 


If a self-sustaining population of 
Suminoe oysters were to be established 
in the Bay as a result of cultivating 
triploids, the ecological consequences 
would be the same as projected for the 
proposed action. 
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and food would be minimal. The filtration capacity of the oysters could have small influences on 
other ecological receptors in areas where triploid Suminoe oyster aquaculture is pursued. 
Concentrated shellfish aquaculture creates the potential for some adverse effects on water 
quality, sediment, and benthos (Attachment D of Appendix B).   
 
 A risk of cultivating triploid Suminoe oysters is the possibility of inadvertently releasing 
diploids into the Bay, which then might establish a reproducing population of the species.  The 
long-term ecological consequences of this event would be as projected for the proposed action. 
 
4.2.7.3 Combination 8c. – Eastern Oyster and Diploid and Triploid Suminoe Oysters 


(Proposed Action + Alts. 2, 3, 4, & 5) 
 
 The ERA indicates that if the proposed introduction of Suminoe oysters were successful, 
the anticipated increases in oyster biomass would result in positive influences on other ecological 
receptors.  Slight negative influences associated with increases in oyster abundance in localized 
areas might be associated with reductions in the biomass of algae for species that rely on 
planktonic algae for food. Given that Suminoe oysters and Eastern oysters would provide similar 
ecological services in Chesapeake Bay, the extent to which this combination of alternatives 
would influence ecosystem services is a function of the extent to which the total abundance of 
oysters of both species would increase. This combination of alternatives appears to have the 
greatest potential for increasing the Bay-wide abundance of oysters in Chesapeake Bay, and the 
effects of changes in oyster abundance on ecological receptors (both positive and negative) could 
be most pronounced for this combination of alternatives if the introduction were successful.  An 
unsuccessful introduction would result in ecological services similar to those of Combination 8b.     
 


4.3 WATER QUALITY 
 


A key assumption about the potential ecological role of oysters in the Bay involves their 
ability to filter water and the possibility that an increase in the abundance of oysters in the Bay 
could influence water quality conditions that are related to algal abundance.  Section 4.5 of the 
ERA (Appendix B) presents a more detailed discussion of this topic, which is summarized here. 
This section presents an overview of water quality in Chesapeake Bay and of the relationship 
between oysters and water quality. In general, water clarity decreases due to algal blooms and 
large volumes of sediment runoff and has been shown to increase with increases in filter feeding 
organisms, such as oysters.  Two well-known examples of this phenomenon are worth noting. 
During the summer of 2004, water clarity in the Magothy River reached an all time high and 
dissolved oxygen levels were the highest of the period from 2001 to 2007 following a dramatic 
increase in the population of the dark false mussel, a small filter-feeding shellfish (DNR 2004; 
Bergstrom 2008).  The explosion of that population did not recur, and the improvement in water 
clarity observed in 2004 was not repeated in subsequent years.  A similar dramatic increase in 
water clarity in some of the Great Lakes followed the accidental introduction and explosive 
population growth of the zebra mussel, an invasive, nonnative species.  Since zebra mussels 
became established in Lake Erie, water clarity has increased from 6 inches to 30 feet in some 
areas.  


 
Newell (1988) estimated that, at one time, the oyster population of Chesapeake Bay 


would have been able to clear a volume of water equal to that of the Bay in two to four days, 
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suggesting that a fully restored oyster population might be capable of controlling spring 
phytoplankton blooms that contribute to low dissolved oxygen conditions during the summer.  
Other researchers also have discussed this potential beneficial role of oysters in controlling water 
quality in the Bay (Jackson et al. 2001; Ruesink et al. 2005; Kemp et al. 2005); however, the 
hypothesis has been the subject of debate.  Pomeroy et al. (2006) and Fulford et al. (2007) argued 
that the potential role of oysters in controlling algae in the Bay has been overstated and that the 
various populations of suspension-feeding benthos now present in the Bay should have a 
filtration capacity approaching that of the pre-Colonial population of oysters.  Yet, they do not 
appear to be controlling algal blooms.  Those authors concluded that achieving the restoration 
goal for oysters in the Bay (i.e., average population level over the period 1920-1970) would be 
unlikely to result in a significant, Bay-wide reduction in phytoplankton biomass.  In a reply 
publication, Newell et al. (2007c) critiqued those conclusions and maintained that increasing the 
population of oysters by orders of magnitude could have important effects on water quality and 
ecological conditions in the Bay.  These competing scientific arguments rely on specific sets of 
assumptions about the timing, spatial distribution, and magnitude of filtration by oysters that are 
beyond the level of detail that could be addressed in this PEIS.  Clearly, however, the greater the 
number of oysters in the Bay, the greater the amount of water they would filter.  


 
Based on this underlying assumption, the CBEMP was used to evaluate the potential 


effects of increasing the abundance of oysters in the Bay on its water quality.  The publications 
from which results presented here were drawn are presented in Appendix H of this PEIS (i.e., 
Cerco and Noel 2005a, 2005b, 2006).  CBEMP outputs provided insights into possible effects at 
the scale of Bay segments and regions.  This segment-level evaluation complements the six 
broad areas (combinations of two states and three salinity zones) considered in the ERA. Using 
CBEMP results allowed potential small-scale effects to be investigated, unlike most other 
analyses in the ERA, which focused on Bay-wide outcomes.  The only water quality parameters 
considered are those for which outputs from the CBEMP were available: dissolved oxygen (DO) 
and total suspended solids (TSS).  Submerged aquatic vegetation (i.e., underwater grasses) is 
addressed here because it responds to changes in TSS.  The CBEMP model outputs discussed 
here do not account for any changes in inputs that might occur over the 10-year assessment 
period (e.g., increases or decreases in nutrient loading to the Bay); therefore, the evaluations of 
the potential effects on water quality described here consider only the relationship between water 
quality and changes in oyster abundance and assume that all other factors would remain constant.   


 
4.3.1 Proposed Action:  Introduce the Suminoe Oyster and Continue Efforts to 


Restore the Eastern Oyster 
 
As discussed in Section 4.1.1, no projections of the potential abundance and biomass of a 


population of Suminoe oysters in the Bay were possible for this PEIS.  To assess the ecological 
risks of the proposed action, the introduced species was assumed to thrive and become widely 
distributed throughout the Bay.  This assumption was intended to represent the “worst case” 
scenario from the perspective of stakeholders who oppose the introduction of a nonnative oyster. 
This same assumption was made to assess the potential effects of the proposed action on water 
quality.  Clearly, if the introduction were to be unsuccessful, the abundance of oysters in the Bay 
would not increase significantly and water quality would not be affected. 
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Insights into the water quality and ecological benefits of achieving particular levels of 
oyster abundance and biomass can be gained from modeling work performed by Cerco and Noel 
(2005a, 2005b, 2006; Appendix H).  The starting population for their modeling was the average 
over the period 1991 to 2000 from Jordan et al. (2002; total biomass 0.57 X 109 g dry weight), 
which is about one fifth the estimated levels for more recent years, including the 2004 base year 
for analysis (2.7 X 109 g dry weight; Figure 1-3).  For reference, their assumed historical oyster 
population level was 94.0 X 109 g dry weight. They also conducted model runs assuming zero 
oyster biomass to evaluate the sensitivity of different water quality and ecosystem variables to 
the presence or absence of oysters.  The modeled 10-fold increase in oyster biomass was 
distributed unevenly.  Oyster abundance in Maryland increased by a factor of 50, whereas 
abundance in Virginia exhibited only a 4-fold increase. That result is consistent with patterns 
shown in exploratory modeling for this PEIS presented in Appendix A.  For the Bay as a whole, 
Cerco and Noel (2005a) projected that a 10-fold increase in oyster biomass would result in a 0.25 
mg/l increase in summer-average dissolved oxygen at the bottom in deep waters (depth 
> 12.9 m).  As discussed in Section 3.3, oxygen levels below 5 mg/l of water affect the behavior 
and survival of fish.  Concentrations below 2 mg/l are considered to be severely hypoxic and 
affect the structure, distribution, and productivity of benthic organisms, including oysters.  In 
recent decades, an average of 5.25% of the Bay mainstem volume was hypoxic.  An increase of 
0.25 mg/l would not alter that condition to any significant degree.  The explanation for the small 
increase in DO was that filtration of phytoplankton from the water column was estimated to 
result in a net removal of 30,000 kg per day of nitrogen through sediment denitrification and 
sediment retention.  Oysters remove suspended matter from the water column in shallow areas; 
therefore, the CBEMP projected enhancement of SAV in response to improved water clarity.  
Calculated summer-average biomass of SAV biomass increased by 25% with a 10-fold increase 
in oyster biomass.  


 
The modeling results showed that a 10-fold increase in oysters or an elimination of all 


oysters would have minimal effect on water quality at a Bay-wide, large scale basis; oysters are 
most likely to affect water quality only on a local and small scale.  Cerco and Noel (2005a) 
investigated the potential for local effects by selecting three of the 35 Bay segments used in their 
modeling for detailed examination  of effects on such a scale (Figure 4-11).  These segments 
provide a range of geometry and environmental conditions and include a deeper mainstem bay 
segment (CB4), an eastern embayment that encompasses the mouth of the Choptank River 
(EE2), and the Big Annemessex River (ET9).  Oysters can live in only a portion of CB4 but can 
inhabit most of the other two segments.  A summary of influences of oyster abundance/biomass 
on conditions in these segments is provided in Figures 4-12 to 4-14.   


 
The effects on DO of a 10-fold increase in oysters and an increase to historical levels are 


shown in Figure 4-12 a through c.  The figures indicate that a 10-fold increase in oysters could 
result in an increase in DO on the order of 0.5 mg/l in bottom water during the summer at the 
scale of a Bay segment.  This effect is larger than the one projected on a Bay-wide basis.  Larger 
changes would occur if oysters were restored to historic levels.  Increases in dissolved oxygen 
were projected for segments CB-4 and EE-2.  A counter-intuitive decrease was predicted for 
segment ET-9.  This decrease would occur because the large reduction in phytoplankton through 
filtering by oysters reduces the oxygen production of the phytoplankton, which in this location is 
lower than respiration.   
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Figure 4-11. Selected segments for detailed evaluation of the effects of oysters.  
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Figure 4-12. Summer bottom dissolved oxygen in Bay Segments CB-4(a), EE-2(b) and ET-9(c) 
with no oysters, an increase in oyster biomass to 10 times present levels, and under 
historic levels of oyster abundance (from Cerco and Newell 2004, 2005; Appendix 
H). 


 


a. CB-4 


 
b. EE-2 


 
c. ET-9 
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Figure 4-13. Light attenuation (highest with lowest TSS) in Bay Segments CB-4(a), EE-2(b) 
and ET-9(c) with no oysters, an increase in oyster biomass to 10 times present 
levels, and under historic levels of oyster abundance (from Cerco and Newell 2004, 
2005; Appendix H).  Attenuation is expressed in terms of a vertical attenuation 
coefficient, defined as the rate of decrease of light per unit distance in the water 
column (irradiance units drop out in calculating the ratio).  


 
b. EE-2 


 


c. ET-9 


 


a. CB-4 
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Figure 4-14. Biomass of SAV in Bay Segments CB-4(a), EE-2(b) and ET-9(c) with no oysters, an 
increase in oyster biomass to 10 times present levels, and under historic levels of 
oyster abundance (from Cerco and Newell 2004, 2005; Appendix H). 


 
 


 


a. CB-4 


 
b. EE-2 


 
c. ET-9 
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A similar presentation of response of water transparency (i.e., a reduction in TSS) to 
different levels of oyster abundance is shown in Figure 4-13 a through c.  Figure 4-13 illustrates 
that filtration by oysters removes suspended material that decreases attenuation and increases 
light penetration.  These influences have a strong effect on water clarity and, consequently, on 
the growth of SAV.  The response of SAV to the increase in light is illustrated in Figure 4-14 a 
through c.  SAV biomass increases with a 10-fold increase in oyster density and increases by 
greater than a factor of two with restoration to historic oyster densities. 


 
Cerco and Noel (2005a) noted that oxygen levels in CBEMP projections do not respond 


as much as might be expected to increases in oysters.  They suggested that this occurs because 
oysters are found in the shoals rather than in the deeper portions of the Bay mainstem.  
Phytoplankton produced over the mainstem settles to the bottom and contributes to anoxia; 
whereas, in the shoals, oysters would remove the phytoplankton biomass before it settled to the 
bottom.  A more subtle explanation may lie in the origins of mainstem anoxia.  Oxygen depletion 
in the upper Bay does not originate solely with excess production in the overlying waters. 
Rather, oxygen depletion is accumulated as net circulation moves bottom water up the channel 
from the mouth of the Bay.  Improving dissolved oxygen in the upper Bay requires reducing 
oxygen demand in the lower Bay.  The oyster restoration strategies proposed in this PEIS would 
do nothing to diminish oxygen demand in the lower Bay and, consequently, may have only a 
limited potential to affect water quality in the upper Bay.  Cerco and Noel (2005a) noted that, 
despite the uncertainties in their approach for relating oyster biomass to ecological changes using 
the CBEMP, they believe their basic findings regarding the nature and magnitude of restoration 
benefits are valid.  They found their results to be consistent with the earlier findings of Officer et 
al. (1992) and Gerritsen et al. (1994) and with the recent findings of Newell and Koch (2004).  
Benthic controls of algal production are most effective in shallow, spatially limited regions, as in 
the example of the dark false mussel in the Magothy River.  Effectiveness in that case was 
enhanced by the fact that the mussels were most abundant on off-bottom substrates and nearer 
the surface than oysters would be (Bergstrom 2008).  The ability to influence deep regions of 
large spatial extent is limited by the location of oysters in the shoals and by exchange processes 
between the shoals and deeper regions. 


 
Given that the size and distribution of an introduced population of Suminoe oysters 


cannot be projected, CBEMP modeling results cannot be applied directly to estimate the affect of 
the proposed action on water quality and SAV in the Bay.  If the introduction were successful, a 
greater than 10-fold increase in oyster biomass could be expected; that increase would produce 
improvements of water quality of at least the magnitude projected by the CBEMP.  Large 
population increases in relatively restricted areas could result in greater improvements locally, as 
discussed for the individual Bay segments.  The Suminoe oyster’s resistance to MSX and Dermo 
suggests that  a successful introduction could result in greater oyster abundance in the high-
salinity waters of Virginia than were projected in the CBEMP, at least in mesohaline areas where 
Bonamia would not pose an obstacle, and in improvements in water quality in that portion of the 
Bay.  Failure of the proposed action to establish a self-sustaining population of Suminoe oysters 
would result in no change in water quality in high-salinity areas, but an increase  in the 
abundance of Eastern oysters in low-salinity waters in Maryland in response to continuation of 
existing restoration activities could result in local improvement of water quality in some areas, as 
is discussed further in Section 4.3.3. 
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4.3.2 Alternative 1:  No Action 
 


Given that a Bay-wide increase in oyster abundance on the order of the 10-fold increase 
modeled by Cerco and Newell (2005a, 2005b, 2006) is very unlikely under Alternative 1 
(Section 4.1.2), no Bay-wide changes in water quality would be expected as a result of 
implementing this alternative.  Some increase in oyster abundance was projected in low-salinity 
waters in Maryland (Section 4.1.2).  Although the magnitude of the change in oyster biomass 
probably would be insufficient to affect water quality at the geographic scale of the ERA 
analysis (i.e., six state/salinity zones), it could result in some local improvements in water quality 
in any restricted waters in which substantial amounts of seed are planted. 
 


4.3.3 Alternative 2:  Enhance Restoration 
 


Section 4.1.3 suggests that Bay-wide oyster abundance might increase by a factor of five 
under this alternative but that the majority of the increase would be in low-salinity waters in 
Maryland.  No significant Bay-wide changes in water quality would be likely to result from 
changes of this magnitude in the size of the oyster population of this magnitude.  If all of the 
projected increase in oyster biomass were concentrated in a limited location (which would 
require significant deviation from the representative implementation plan for this alternative), the 
potential for changes in local water quality would be greater.  In particular, a positive influence 
on water clarity might be noticeable in certain low-salinity segments in the upper Bay.  If it 
occurred, this effect could reduce TSS and enhance the growth of SAV in those locations. 
 


4.3.4 Alternative 3:  Harvest  Moratorium 
 


Changes in oyster abundance under this alternative could reasonably be expected to be 
similar in location and magnitude to those projected for Alternative 1 and somewhat less than 
those projected for Alternative 2 (Section 4.1.4).  Oyster abundance could increase in high-
salinity areas, but the increase probably would not be sufficient to affect water quality, even on a 
local scale.  Small changes could occur at the scale of individual segments in low-salinity areas 
in Maryland because the current restoration programs would continue under this alternative. 


 
4.3.5 Alternative 4:  Cultivate Eastern Oysters 


 
For the ERA (Section 4.4.1.5 of Appendix B) the annual production of the predicted 


maximum aquaculture industry in the Bay (i.e., 2.6 million bushels distributed over 9 possible 
locations for concentrated aquaculture operations) was converted to biomass and grouped 
according to the 6 state/salinity zones to project potential effects on water quality based on 
CBEMP output.  No discernable changes in DO or TSS were projected; however, the geographic 
scale of the analyses conducted in the ERA is too large to detect local effects, such as in an 
individual tributary.  Changes in water quality that might result from implementing Alternative 4 
would be a function of the cumulative size of aquaculture operations (i.e., the number of oysters 
being farmed), the distribution of operations within bodies of water, and the hydrodynamics of 
the host waters.  Although concentrating oyster production in a limited area would offer the 
greatest potential to affect water quality locally, aquaculture operators also would have to 
account for the availability of a sufficient supply of food (e.g., phytoplankton), in essence the 
carrying capacity of a particular location, in order to achieve economically viable growth rates.  
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For example, an area with a high rate of phytoplankton production may be desired for good 
oyster growth rates, but the rate of phytoplankton consumption by densely farmed oysters could 
exceed the rate of phytoplankton production.  In that circumstance, the growth rate of the oysters 
could be slowed, and the efficiency of the aquaculture operation reduced.  Optimal positioning of 
aquaculture operations, so that rate of phytoplankton consumption by oysters (and, thus, the rate 
of oyster growth) is kept in balance with the rate of phytoplankton production, may not achieve 
the maximum potential improvement in local water quality. 
 


4.3.6 Alternative 5:  Cultivate a Nonnative Oyster  
 


The ERA (Section 4.4.1.6 of Appendix B) treated Alternatives 4 and 5 similarly in its 
evaluation of water quality effects, while acknowledging that growth rates and the ratio of  
biomass to shell height of triploid Suminoe oysters are greater than those of both diploid and 
triploid Eastern oysters (Section 4.1.5 and 4.1.6).  Negligible effects on water quality were 
projected on the scale of the state/salinity zones for the predicted maximum aquaculture industry 
considered for Alternative 5.  Some differences between Alternative 4 and Alternative 5 are 
possible.  The faster growth rate and shorter time to grow to market size for triploid Suminoe 
oysters might result in fewer Suminoe oysters (one cohort) than Eastern oysters (two to three 
cohorts) being present in the Bay at any one time and less area within the Bay being occupied by 
aquaculture operations.  This would result in lesser Bay-wide effects on water quality under this 
alternative than under Alternative 4.  Local effects could be similar in specific locations if 
densities of the two species of cultured oysters were similar. The Suminoe oyster’s faster growth 
may be a function of greater rate of filtering and food consumption; therefore, cultivating the 
species may have a greater effect on water quality locally than cultivating the same number of 
Eastern oysters.  The same factors discussed under Alternative 4 (i.e., size of the water body, 
hydrodynamics, and oyster densities) would control the extent to which Alternative 5 would 
affect water quality locally. 
 


4.3.7 Alternative 8:  Combination of Alternatives 
 
 Combination 8a. – Eastern oyster only – Local improvements in water quality in low-
salinity waters may occur under this combination as described for Alternatives 2 and 4.  Local 
improvements would be expected in locations where concentrated aquaculture operations were 
initiated; therefore, some local improvements would be possible in high-salinity waters in 
Virginia.   


 
 Combination 8b. – Eastern oyster and triploid nonnative Suminoe oysters. – Improve-
ments in water quality under this combination would be similar to those described for 
Combination 8a, but the addition of triploid Suminoe aquaculture would increase the potential 
for local water quality improvements in high-salinity waters in Virginia.   
 
 Combination 8c. – Eastern oyster and both diploid and triploid nonnative Suminoe 
oysters. – This combination of alternatives has the greatest potential to produce significant 
increases in oyster abundance and, therefore, the greatest potential to improve water quality. A 
successful introduction of the disease-resistant Suminoe oyster could result in local improve-
ments in water quality would be improved in high-salinity areas both in Maryland and Virginia.  
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Improvements in water quality at the local and possibly tributary levels would be enhanced in 
low-salinity areas as a result of expanded efforts to restore the Eastern oyster and in specific 
tributaries where aquaculture might be initiated.  The level of improvement would depend on the 
scale of restoration and/or the magnitude of aquaculture that develops in a given area.  If the 
proposed introduction of the Suminoe oyster were unsuccessful, the local water quality improve-
ments attributable to increased aquaculture still could be realized.   
 


4.4 RARE, THREATENED, AND ENDANGERED SPECIES 
 
In 2004, FWS and NMFS identified 11 species with Federal status as threatened or 


endangered that are known to occur in Chesapeake Bay and its watershed. The status of these 
species in Chesapeake Bay and its watershed was verified in 2008.  With the exception of the 
bald eagle, which was delisted in 2007, no changes in status have occurred.  Resource agencies 
in Maryland and Virginia identified additional species with State-listed status and other species 
of special concern (Table 3-2).  The rare, threatened, and endangered (RTE) species being 
considered in this PEIS include 3 fish, 12 birds, 5 sea turtles, 2 insects, and 1 plant.  This 
assessment of potential effects of the proposed action or alternatives on RTE species considers 
(1) how anticipated changes in the abundance of oysters in the various state/salinity zones and 
the possible consequences of those changes for other components of the Chesapeake Bay 
ecosystem might influence the critical habitat or food resources of RTE species; and (2) how the 
construction, placement, use, and maintenance of facilities and equipment required to implement 
the alternatives might influence RTE species directly.  Indirect effects are encompassed in the 
RRM analyses presented in Section 4.2.  Evaluations for the two aquaculture alternatives (Alt. 4 
and Alt. 5) assume the assessment scenario described in Section 4.1.5 and Sections 2.0 and 3.0 of 
Appendix C. 
 


The evaluations of the potential effects of changes in oyster biomass on RTE species are 
based largely on the results of the ERA (Section 4.4 of Appendix B), as described in Sections 4.1 
and 4.2.  The ERA evaluations assume direct or indirect ecological relationships between oysters 
and some RTE species that, in many cases, have not been studied or thoroughly documented in 
the scientific literature; consequently, the evaluations are logical predictions based on 
conservative reasoning (i.e., note all possible adverse or beneficial effects, regardless of 
documented precedent) and the weight of available evidence documented in the ERA. Details of 
the direct and indirect species interactions on which the ERA and the assessments presented here 
are based are described in Section 2.3 of Appendix B. The evaluations presented here assume the 
same spatial and temporal scales and are subject to uncertainty from the same sources and of the 
same magnitudes as described in Section 4.1 and discussed in the ERA (Section 4.6 of Appendix 
B).  Unless stated otherwise, the following evaluations are based on RRM scores derived, in part, 
from anticipated changes in oyster abundance, taking into account the proportion of bottom area 
currently covered with oyster cultch (Section 4.4 of Appendix B).  Explanations for how the 
scores were derived are presented in Section 3.4 of Appendix B and are not repeated here.  Note 
that local effects could be greater than effects projected for the six state/salinity zones assessed in 
the ERA; however, the nature of the effects (i.e., adverse or beneficial) would be expected to be 
the same.  This assessment is a programmatic analysis that is intended to assist decision makers 
to identify an appropriate or preferred strategy rather than to render a project-based decision. 
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4.4.1 Proposed Action:  Introduce the Suminoe Oyster and Continue Efforts to 
Restore the Eastern Oyster 


 
4.4.1.1 Potential Effects on RTE Fish 


 
Shortnose and Atlantic Sturgeon – The numbers of both species currently using the Bay 


are small (Section 3.4.1). Both species are bottom feeders that spawn in fresh water. The 
proposed action to introduce the Suminoe oyster and continue restoration of the Eastern oyster 
would be unlikely to have any effect on the spawning habitat of these species because Suminoe 
and Eastern oysters do not inhabit fresh water. Adults and juveniles of both species of sturgeon 
feed in estuarine waters.  The forage species for adults and juveniles of both species are members 
of the soft-bottom benthic community.  The proposed action could have a small negative 
influence on the soft-bottom benthic community (Section 4.1.1) and, indirectly, on the sturgeon, 
if the Suminoe oysters were to succeed in producing a substantial increase in oyster biomass in 
the Bay.  To the extent that Suminoe and Eastern oysters might expand oyster bars or reefs over 
adjacent soft-bottom habitat as a result of increases in population, such an effect might counter 
the continuing loss of existing hard-bottom habitat occurring in the Bay.  Given the uncertainty 
concerning the potential success of the Suminoe oyster in the Bay (Section 4.1.1) and the 
minimal projected negative influence of the oyster on the sturgeons’ soft-bottom benthic forage 
species (Section 4.2.1), the magnitude of the potential adverse effect on shortnose and Atlantic 
sturgeon in Chesapeake Bay probably would be very small.   


 
Spotfin Killifish – The third RTE fish species, spotfin killifish, inhabits salt marshes and 


feeds on zooplankton and emergent insects.  The proposed action could have a small positive 
influence on SAV (Section 4.3.1), which might result in a minimal increase in habitat for the 
spotfin killifish.  The proposed action could have a small negative influence on zooplankton 
(indirectly via local reduction of phytoplankton by oysters), which could decrease the supply of 
food available for killifish. Based on the results of the ERA, the magnitudes of the potential 
beneficial effect on habitat and the potential adverse effects on food resources for the spotfin 
killifish probably would be very small and would be most likely to occur only a local basis. 


 
4.4.1.2 Potential Effects on RTE Birds 
 


Bald Eagle – The bald eagle is a large raptor that is Federally protected in the 
Chesapeake Bay area and on State lists of threatened species in Maryland and Virginia.  Bald 
eagles require large areas of undisturbed mature forest close to aquatic foraging areas.  The 
proposed action could adversely affect the habitat available for bald eagles if hatcheries required 
to produce spat for the introduction program (Section 4.1.1) were constructed near nesting areas 
or important foraging areas.  Eagles are most vulnerable to disturbance during courtship, nest 
building, egg laying, incubation, and brooding.  Disturbance during this critical period may lead 
to nest abandonment and mortality of eggs or young from freezing or overheating (FWS 1987). 
The FWS-recommended buffer zone around eagle nest sites in the Chesapeake Bay area is a 
radius of 660 feet.  Activities within the 660-foot buffer are subject to regulations found within 
the National Bald Eagle Management Guidelines (1/4 mile).  Locations of potential aquaculture 
and hatchery areas, therefore, should be carefully evaluated to minimize activities near eagle nest 
sites, and any boating activity involved in an introduction program should not occur within 600 
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feet of any nest.  It is not likely that a significant amount of the boating activity involved in an 
introduction program would occur within a buffer zone of that size. 


 
Bald eagles eat fish when they are available but will shift to a variety of other birds, 


mammals, and turtles when fish are scarce. The ERA suggests that the proposed action could 
have a positive influence on avian piscivores (Section 4.2.1) such as the bald eagle, if the 
Suminoe oyster were to succeed in producing the projected increase in oyster biomass in the 
Bay.  That positive influence would be due to an indirect relationship in which an increase in 
oyster abundance would create more habitat for reef-oriented fish, some of which are prey 
species for some avian piscivores. 
 


Peregrine Falcon – The proposed action would be unlikely to affect peregrine falcons 
because they nest almost exclusively on cliffs and tall manmade structures (e.g., bridges, 
buildings,  towers) and prey predominantly on waterfowl (Section 3.4.2).  Hatcheries constructed 
to support the proposed action probably would not be sited in the mountainous areas that provide 
natural habitat for peregrines.  The ERA suggests that the proposed action could have a small 
positive influence on some species of waterfowl (i.e., avian soft-bottom feeders; Section 4.4.2 of 
Appendix B), which might result in more prey for peregrine falcons.  Given the high degree of 
uncertainty concerning the success of the Suminoe oyster in the Bay (Section 4.1.1) and the 
small projected positive influence on avian soft-bottom feeders, any detectable beneficial affect 
on falcons probably would be extremely small. 


 
Wilson’s and Piping Plovers – Both species of plover are soft-bottom feeders (Section 


3.4.2), although only in the intertidal zone when it is exposed at low tide.  The ERA suggests that 
an increase in oyster biomass that might result from the proposed action would have a minimal 
negative influence on avian soft-bottom feeders in some state/salinity zones (i.e., MD MH, VA 
OH, VA PH; Section 4.2.1).  The projected negative influence on avian soft-bottom feeders is 
related to a negative influence on their prey species, which are members of the soft-bottom 
benthos.  The ERA suggests a small positive influence on avian soft-bottom feeders in four of 
the six state/salinity zones (i.e., not in the MD PH and VA PH zones).  This is associated with a 
positive influence on SAV, which is food for some avian soft-bottom feeders.  Plovers would not 
be affected by this positive influence because they do not consume SAV.   


 
Wilson’s plover is not a common breeder anywhere on the U.S. Atlantic coast.  Habitat 


for the piping plover includes sandy beaches and associated intertidal areas within the Bay.  The 
Suminoe oyster would be unlikely to reduce the availability of intertidal soft-bottom habitat for 
plovers because it appears to be ill-suited to the intertidal environment (Section 4.1.1).  Both 
Wilson’s and piping plovers are strictly ocean coastal nesters, always nesting within the sound of 
surf: therefore, changes in Chesapeake Bay would not influence their nesting.  Locations of 
potential aquaculture and hatchery areas should be carefully evaluated to minimize activities near 
nest sites.  The magnitude of the influence of the proposed action on the two RTE species of 
plover probably would be very small.  
  


Black Skimmer – The black skimmer is a transient summer resident along the Atlantic 
coast and in the lower Chesapeake Bay during nesting and migration seasons.  It requires 
undisturbed beach habitat for nesting colonies and open water for foraging.  In Virginia, the 
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species’ diet is nearly all fish (90% silversides and killifishes; VAFWIS 2005).  The ERA 
suggests that the proposed action would have a small negative influence on planktivorous fish 
(Section 4.2.1), which include the black skimmer’s prey species.  If the Suminoe oyster were to 
succeed in producing a large increase in oyster biomass in the Bay, the proposed action could 
have an adverse affect on the availability of prey for the black skimmer.  Construction of 
hatcheries to provide spat for the proposed introduction program could have an adverse effect on 
habitat for black skimmers, if facilities were sited in areas they are known to use for nesting or 
foraging. 
 


Brown Pelican – Brown pelicans typically feed in shallow estuarine and coastal waters 
on crustaceans, menhaden, mullet, sardines, and pinfish.  The ERA suggests that the proposed 
action would have a small negative influence on planktivorous fish, such as those consumed by 
brown pelicans, as well as a small negative influence on the soft-bottom benthos, which include 
some of the crustaceans consumed by the brown pelican.  The magnitude of the negative 
influences would increase with increasing oyster biomass.  If the Suminoe oyster were to 
succeed in producing a large increase in oyster biomass in the Bay, the proposed action could 
have a small adverse effect on the availability of prey for the brown pelican.  Construction of 
hatcheries to provide spat for the proposed introduction program could have an adverse effect on 
habitat for the brown pelican, if facilities were sited in areas that they are known to use for 
nesting. 


 
Terns – The roseate tern is on the Federal list of endangered species, and five other 


species (i.e., gull-billed, least, Caspian, royal, and sandwich) have State-listed status in 
Maryland, Virginia, or both (Table 3-2).  The roseate tern is listed as extirpated in Maryland. The 
roseate, Caspian, royal, and sandwich terns prey primarily on planktivorous fish; the diets of the 
roseate, Caspian, and sandwich terns also include some soft-bottom benthos.  The diet of the 
least tern includes small crustaceans, and the diet of the gull-billed tern is almost exclusively 
insects (Section 3.4.2).  The ERA suggests that the proposed action would have small negative 
influences on planktivorous fish and soft-bottom benthos (Section 4.2.1).  If the Suminoe oyster 
were to succeed in producing a large increase in oyster biomass, the proposed action could have 
a small adverse effect on the availability of prey for most RTE species of terns in Chesapeake 
Bay.  The gull-billed tern probably would be the least affected because of its reliance on insects 
for food.  The general nesting habitat for all of these species, various kinds of beaches associated 
with barrier islands, probably would not be affected by the construction of hatcheries to support 
the proposed introduction program. 


 
4.4.1.3 Potential Effects on RTE Reptiles 
 


Loggerhead Turtle – The loggerhead turtle accounts for nearly 90% of the summer 
population of sea turtles in the Bay.  It is on the Federal list of threatened species and is 
considered threatened in Maryland and Virginia.  Loggerheads eat horseshoe crabs, jellyfish, 
crustaceans, and mollusks and forage primarily along channels near the mouths of rivers and in 
areas of the Bay that are more than 13 feet deep.  The ERA suggests that the proposed action 
could have a small negative influence on soft-bottom benthos (Section 4.2.1), which may include 
some of the crustaceans and mollusks that loggerheads eat; furthermore, the negative influence 
on soft-bottom benthos might result in a decrease in the abundance of horseshoe crabs, which 
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rely on soft-bottom benthos for food.  An increase in hard substrate due to increases in Suminoe 
oyster populations, however, could provide additional habitat for reproduction of jellyfish such 
as the stinging sea nettle and, consequently, enhance the food supply available for loggerhead 
turtles.  Together, these direct and indirect influences may cancel each other out and result in a 
negligible effect on the availability of prey for loggerhead turtles.  


 
Kemp’s Ridley Turtle – Chesapeake Bay is a major developmental habitat for immature 


Kemp’s ridley sea turtles; no other location in the world harbors as many immature individuals 
each summer (Section 3.4.3).  They are found during May through November in shallow, near-
shore sea grass beds, especially where their preferred food, blue crabs, are abundant.  The ERA 
suggests that the proposed action could have a positive influence on blue crabs because they prey 
on Suminoe oysters; consequently, the proposed action could have a beneficial effect on the 
availability of prey for Kemp’s ridley turtles.  This beneficial effect, however, would be small, 
particularly given the minimal numbers of this species that occur in the Bay. 


 
Green Turtle – Green turtles forage for jellyfish, mollusks, crustaceans, sponges, and 


vegetation in sea grass flats in shallow areas of Chesapeake Bay.  Juveniles are primarily 
carnivorous, whereas the diet of adult green turtles includes significant quantities of plant 
material, including eelgrass, sea lettuce, and macroalgae.  The ERA suggests that the proposed 
action could have a small positive influence on SAV in the Bay (Section 4.3.1).  The magnitude 
of the positive influence would increase with increasing oyster biomass (Section 4.4.1.1 of 
Appendix B).  The proposed action, therefore, could have a small beneficial effect on the 
availability of food for adult green turtles.  An increase in hard substrate due to the Suminoe 
oyster population could provide additional habitat for reproduction of jellyfish, such as the 
stinging sea nettle and, consequently, could enhance the food supply for juvenile green turtles; 
however, the projected small negative influence on zooplankton could affect jellyfish larvae, 
reducing the net effect on the food supply for juveniles.        


 
Leatherback Turtle – Leatherback turtles feed on soft-bodied, pelagic invertebrates, 


primarily the moon jellyfish.  The proposed action could have a small negative influence on 
zooplankton that would increase with increasing oyster biomass (Section 4.2.1; Section 4.4.2 of 
Appendix B).  Jellyfish larvae are part of the zooplankton community; therefore, the negative 
influence on zooplankton could have an adverse effect on the availability of prey for the 
leatherback turtle. 


 
Atlantic Hawksbill Turtle – Coral reef is the main habitat of the Atlantic hawksbill turtle. 


Sighting of hawksbills are rare north of Florida (NMFS 2005). Effects of the proposed action on 
Atlantic hawksbill turtles, if any, would be related indirectly to the potential negative influence 
of increasing oyster biomass on phytoplankton and zooplankton (food sources for coral species) 
and might occur only in the event of dispersal of the Suminoe oyster to neighboring coastal 
estuaries to the south of Chesapeake Bay (Section 4.15).   
 
4.4.1.4 Potential Effects on RTE Insects 
 


Two RTE species of tiger beetle occur in Chesapeake Bay, the Puritan tiger beetle and 
the Northeastern beach tiger beetle (Section 3.4.4).  Both species are listed as endangered in 
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Maryland and are on the Federal list of threatened species (Table 3-2). Habitat for both species is 
sandy beaches, where they inhabit vertical burrows in the sand and hunt for lice, fleas, and flies 
in the moist sand of the intertidal zone.  Both species are considered to be particularly sensitive 
to man-made disturbances.  Construction of new hatcheries to provide spat required for the 
proposed introduction program could adversely affect these beetles, if facilities were sited in 
areas they inhabit. Table 3-9 indicates the known occurrence of the Northeastern beach tiger 
beetle in several potentially affected NAPs in Virginia. 
 
4.4.1.5 Potential Effects on RTE Plants 
 


The sensitive jointvetch is an annual marsh plant that occurs in the freshwater tidal river 
systems in the Bay, mainly in Virginia.  The proposed action would not affect this species 
because oysters do not inhabit fresh water. 
 


4.4.2 Alternative 1:  No Action 
 
4.4.2.1 Potential Effects on RTE Fish 


 
Shortnose and Atlantic Sturgeon – The numbers of both species currently using the Bay 


are small (Section 3.4.1). Both species are bottom feeders that spawn in fresh water.  Alternative 
1 would not affect their spawning habitat.  Adults and juveniles of both species of sturgeon feed 
in estuarine waters.  The forage species for adults and juveniles of both species are members of 
the soft-bottom benthic community.  Under Alternative 1 hard-bottom habitat could decrease in 
high-salinity waters of Virginia’s portion of Chesapeake Bay as the numbers of oysters decrease.  
This could create a slight increase in food resources available for sturgeon.  Under this 
alternative, in the oligohaline waters of Maryland, a slight increase in oyster numbers could 
result in increased hard-bottom habitat, slightly reducing the level of food resources available for 
sturgeon.  Given the minimal projected influence of the oyster on the sturgeons’ forage species 
(Section 4.2.2), the magnitude of the potential effects on shortnose and Atlantic sturgeon in 
Chesapeake Bay probably would be very small.   
 


Spotfin Killifsh – The spotfin killifish inhabits salt marshes and feeds on zooplankton 
and emergent insects.  Alternative 1 would have no influence on SAV (Section 4.3.2) and, thus, 
no effect on habitat for the spotfin killifish.  Alternative 1 also would not affect zooplankton, 
which provides food for killifish.  Under this alternative, in the oligohaline waters of Maryland, a 
slight increase in oyster numbers could result in increased hard-bottom habitat, slightly reducing 
the level of food resources available for killifish.  Based on the results of the ERA, the 
magnitudes of the potential effects on food resources for the spotfin killifish probably would be 
very small. 


 
4.4.2.2 Potential Effects on RTE Birds 
 


Bald Eagle – Alternative 1 would not affect the nesting habitat available for bald eagles. 
Bald eagles eat fish when they are available but will shift to a variety of other birds, mammals, 
and turtles when fish are scarce.  The ERA suggests that Alternative 1 could have a positive 
influence on avian piscivores (Section 4.1.2) such as the bald eagle, in salinity zones of the Bay 
where oyster biomass increased.  That positive influence would be due to an indirect relationship 







 


 
4-87 


in which an increase in oyster abundance would create more habitat for reef-oriented fish, some 
of which are prey species for some avian piscivores.  In areas of the Bay where oyster biomass 
would decrease, Alternative 1 could result in a slight negative influence for avian piscivores like 
the bald eagle.  Decreased hard-bottom habitat would mean diminished habitat for reef-oriented 
fish and, thus, decreased fish prey for the eagle; however, the bald eagle could shift to other food 
resources in the absence of fish. 
 


Peregrine Falcon – Alternative 1 would not affect peregrine falcons because they nest 
almost exclusively on rocky cliffs and tall manmade structures (e.g., bridges and skyscrapers) 
and prey predominantly on waterfowl (Section 3.4.2).  The ERA suggests that Alternative 1 
could have a small negative influence on some species of waterfowl (i.e., avian oyster predators 
and avian piscivores) in zones where oyster numbers would decrease, which might result in less 
prey for peregrine falcons.  Any detectable adverse affect on falcons probably would be very 
small. 


 
Wilson’s and Piping Plovers – Both species of plover are soft-bottom feeders (Section 


3.4.2).  The ERA suggests that Alternative 1 would not affect avian soft-bottom feeders.  Some 
avian soft-bottom feeders consume SAV, but plovers do not; therefore, plovers would not be 
affected in any way. 


 
Black Skimmer – The black skimmer requires undisturbed beach habitat for nesting 


colonies and open water for foraging.  In Virginia, the species’ diet is nearly all fish (90% 
silversides and killifishes; VAFWIS 2005). The ERA suggests that Alternative 1 could result in a 
slight positive influence on avian piscivores like the black skimmer in Maryland’s oligohaline 
areas.  In Virginia’s polyhaline waters, the ERA suggests a slight negative influence on avian 
piscivores like the black skimmer.  Any effects of Alternative 1 on black skimmer would be 
extremely minimal. 


 
Brown Pelican – Brown pelicans typically feed in shallow estuarine waters on 


crustaceans, menhaden, mullet, sardines, and pinfish.  The ERA suggests that Alternative 1 could 
result in a slight positive influence on avian piscivores in Maryland’s oligohaline areas.  In 
Virginia’s polyhaline waters, the ERA suggests a slight negative influence on avian piscivores.  
Brown pelicans consume a varied diet, including soft-bottom benthos like crustaceans.  The ERA 
indicates no on avian soft-bottom feeders due to Alternative 1; therefore, Alternative 1 would be 
unlikely to affect brown pelicans. 


 
Terns – Roseate, Caspian, royal, and sandwich terns prey primarily on planktivorous 


fish; the diets of roseate, Caspian, and sandwich terns also include some soft-bottom benthos.  
The diet of the least tern includes small crustaceans, and the diet of the gull-billed tern is almost 
exclusively insects (Section 3.4.2).  The ERA indicates that Alternative 1 would have no effect 
on avian soft-bottom feeders or planktivorous fish; therefore, Alternative 1 would not affect 
terns. 
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4.4.2.3 Potential Effects on RTE Reptiles 
 


Loggerhead Turtle – Loggerheads eat horseshoe crabs, jellyfish, crustaceans, and 
mollusks.  They forage primarily along channels near the mouths of rivers and in areas of the 
Bay that are more than 13 feet deep.  In Maryland’s oligohaline zone, a slight positive influence 
on reptiles, including turtles is predicted in response to Alternative 1.  In other state/salinity 
zones consider in the ERA (MD MH, VA MH, VA PH), slight negative influences on reptiles, 
including turtles, are expected, in response to continuing declines in oysters there.   


 
Kemp’s Ridley Turtle – The ERA suggests that Alternative 1 could have a positive 


influence on blue crabs in Maryland’s oligohaline zone because they prey on oysters; 
consequently, Alternative 1 could have a beneficial effect on the availability of prey for Kemp’s 
ridley turtles.  In other salinity zones (MD MH, VA MH, VA PH), slight negative influences on 
blue crabs are predicted under this alternative, and slight negative influences on reptiles, 
including turtles, would be expected.  


  
Green Turtle – The ERA suggests that Alternative 1 could have a small positive 


influence on SAV in Maryland’s oligohaline region (Section 4.3.2).  In that zone, therefore, 
Alternative 1 could have a small beneficial effect on the availability of food for adult green 
turtles.  In other salinity zones (MD MH, VA MH, VA PH), slight negative influences on SAV 
are predicted, which might have a negative influence on green turtles.  The ERA suggests a slight 
positive influence on reptiles, including turtles, in Maryland’s oligohaline zone and a slight 
negative influence on reptiles, including turtles, in Maryland’s mesohaline and Virginia’s 
mesohaline and polyhaline regions.  


 
Leatherback Turtle – The ERA suggests that Alternative 1 would have a slight positive 


influence on reptiles, including turtles, in Maryland’s oligohaline zone and a slight negative 
influence on reptiles, including turtles, in Maryland’s mesohaline and Virginia’s mesohaline and 
polyhaline regions in response to continuing declines in oysters there.  


 
Atlantic Hawksbill Turtle – Coral reef is the main habitat of the Atlantic hawksbill turtle. 


Sighting of hawksbills are rare north of Florida (NMFS 2005). Alternative 1 would have no 
appreciable effect on Atlantic hawksbill turtles.  
  
4.4.2.4 Potential Effects on RTE Insects 
 


Habitat for the Puritan tiger beetle and the Northeastern beach tiger beetle is sandy 
beaches, where they inhabit vertical burrows in the sand and hunt for lice, fleas, and flies in the 
moist sand of the intertidal zone.  Alternative 1 would not affect their habitat and, thus, would 
have no effect on either species of tiger beetle. 
 
4.4.2.5 Potential Effects on RTE Plants 
 


The sensitive jointvetch is an annual marsh plant that occurs in the freshwater tidal 
sections in the Bay, mainly in Virginia.  Alternative 1 would not affect this species because 
oysters do not inhabit fresh water. 
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4.4.3 Alternative 2:  Enhance Restoration 
 
4.4.3.1 Potential Effects on RTE Fish 


 
Shortnose and Atlantic Sturgeon – Enhancing efforts to restore the Eastern oyster would 


not affect the spawning habitat of the two RTE species of sturgeon because no restoration efforts 
would occur in fresh water.  Under Alternative 2, the soft-bottom benthic community could 
decrease in some salinity zones of Maryland waters where oyster numbers would increase.  This 
could indirectly influence sturgeon because their food resources might decrease.  In some 
Virginia waters, Alternative 2 could result in an increase in soft-bottom habitat in response to 
continuing declines in oyster populations in high-salinity areas.  In these waters, Alternative 2 
could have a positive influence on the soft-bottom benthic community and, indirectly, on the 
sturgeon.  The magnitude of the potential effect on shortnose and Atlantic sturgeon in 
Chesapeake Bay probably would be very small.   
 


Spotfin Killifish – The spotfin killifish inhabits salt marshes and feeds on zooplankton 
and emergent insects.  Alternative 2 could have a small positive influence on SAV (Section 
4.3.3), which might result in a minimal increase in habitat for the spotfin killifish.  Alternative 2 
could have a small negative influence on zooplankton, which could decrease the supply of food 
available for killifish.  Based on the results of the ERA, the magnitudes of the potential 
beneficial effects on habitat and the potential adverse effects on food resources for the spotfin 
killifish probably would be very small. 
 
4.4.3.2 Potential Effects on RTE Birds 
 


Bald Eagle – Alternative 2 could adversely affect the habitat available for bald eagles if 
hatcheries required to produce spat for the enhanced restoration program (Section 4.1.3) were 
constructed within the recommended buffer zone around known nesting areas.  Bald eagles eat 
fish when they are available but will shift to a variety of other birds, mammals, and turtles when 
fish are scarce. The ERA suggests that Alternative 2 could have a positive influence on avian 
piscivores (Section 4.2.3), such as the bald eagle, if oyster biomass increased in the Bay.  That 
positive influence would be due to an indirect relationship in which an increase in oyster 
abundance would create more habitat for reef-oriented fish, some of which are prey species for 
some avian piscivores. 


 
Peregrine Falcon – Alternative 2 would be unlikely to affect peregrine falcons because 


they nest almost exclusively on rocky cliffs and tall manmade structures (e.g., bridges and 
skyscrapers) and prey predominantly on waterfowl (Section 3.4.2).  The ERA suggests that 
Alternative 2 could have a small positive influence in most salinity zones on some species of 
waterfowl (i.e., avian oyster predators and avian piscivores) which might result in more prey for 
peregrine falcons.  Given the small projected positive influence on the peregrine falcon’s prey 
species, any detectable beneficial affect on falcons probably would be extremely small. 
 


Wilson’s and Piping Plover – Both species of plover are soft-bottom feeders (Section 
3.4.2).  The ERA suggests that avian soft-bottom feeders would not be affected under 
Alternative 2.  Wilson’s plover is not a common breeder anywhere on the Atlantic coast.  Habitat 
for the piping plover includes sandy beaches and associated intertidal areas within the Bay.  
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Construction of hatcheries to provide spat required for the expanded restoration program would 
not affect Wilson’s plover but might adversely affect habitat for piping plovers, if facilities were 
sited in areas that they are known to use for nesting or foraging. 
 


Black Skimmer – The ERA suggests that in Maryland’s oligohaline zone, Alternative 2 
would have a slight negative effect on planktivorous fish (Section 4.2.3), which include the black 
skimmer’s prey species.  Construction of hatcheries to provide spat for the expanded restoration 
program could have an adverse effect on habitat for black skimmers, if facilities were sited in 
areas that they are known to use for nesting or foraging. 


 
Brown Pelican – The ERA suggests that in Maryland’s oligohaline zone, Alternative 2 


would have a slight negative effect on planktivorous fish (Section 4.2.3), such as those consumed 
by brown pelicans.  No effect is predicted for avian soft-bottom feeders under Alternative 2, 
despite a slight negative effect predicted for the benthic soft-bottom community in Maryland’s 
oligohaline zone. Any effects on brown pelicans under Alternative 2 are likely to be extremely 
minimal. 


 
Terns – Roseate, Caspian, royal, and sandwich terns prey primarily on planktivorous 


fish; the diets of roseate, Caspian, and sandwich terns also include some soft-bottom benthos.  
The diet of the least tern includes small crustaceans, and the diet of the gull-billed tern is almost 
exclusively insects (Section 3.4.2).  The ERA suggests that Alternative 2 would have small nega-
tive influences on planktivorous fish in Maryland’s oligohaline zone.  In this area, Alternative 2 
could adversely affect the availability of prey for most RTE species of terns.  The gull-billed tern 
probably would be the least affected because of its reliance on insects for food.  The general 
nesting habitat for all of these species, various kinds of beaches associated with barrier islands, 
probably would not be affected by the construction of hatcheries to support the expanded 
restoration program. 
 
4.4.3.3 Potential Effects on RTE Reptiles 
 


Loggerhead Turtle – The ERA suggests that Alternative 2 could have a small positive 
influence on reptiles, including turtles, in Maryland’s portion and in Virginia’s mesohaline zone 
(Section 4.2.3).  It suggests a small negative influence, however, in Virginia’s polyhaline zone, 
where oysters would continue to decline.  


 
Kemp’s Ridley Turtle – The ERA suggests that Alternative 2 could have a small positive 


influence on blue crabs in some salinity zones because they prey on oysters; consequently, this 
alternative could have a beneficial effect on the availability of prey for Kemp’s ridley turtles.   
 


Green Turtle – The ERA suggests that Alternative 2 could have a small positive 
influence on SAV in the Bay (Section 4.3.3).  The magnitude of the positive influence would 
increase with increasing oyster biomass (Section 4.4.4 of Appendix B).  This alternative, 
therefore, could have a small beneficial effect on the availability of food for adult green turtles.  
In some salinity zones, this alternative could have a small negative influence on soft-bottom 
benthos, which might result in decreases in the availability of some kinds of prey for juvenile 
green turtles.  The ERA suggests a slight negative influence on reptiles, including turtles, in 
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Virginia’s polyhaline zone where oysters would continue to decline, but a slight positive 
influence in most other salinity regions. 


 
Leatherback Turtle – Alternative 2 could have a small negative influence on zooplankton 


in Maryland’s oligohaline zone that would increase with increasing oyster biomass (Section 
4.2.3; Section 4.4.4 of Appendix B).  Jellyfish larvae are part of the zooplankton community; 
therefore, the negative influence on zooplankton could have an adverse effect on the availability 
of prey for the leatherback turtle. The increase in availability of oyster shell substrate that might 
result from this alternative, however, would provide increased habitat for reproduction of some 
jellyfish, which would have a positive influence on the availability of food for the leatherback 
turtle.  The ERA suggests a slight negative influence on reptiles, including turtles, in Virginia’s 
polyhaline zone, but a slight positive influence in most other salinity zones. 
 
 Atlantic Hawksbill Turtle – Coral reef is the main habitat of the Atlantic hawksbill turtle. 
Sightings of hawksbills are rare north of Florida (NMFS 2005).  Alternative 2 would have no 
appreciable effects on Atlantic hawksbill turtles.  
 
4.4.3.4 Potential Effects on RTE Insects 
 


Habitat for both the Puritan tiger beetle and the Northeastern beach tiger beetle is sandy 
beaches, where they inhabit vertical burrows in the sand and hunt for lice, fleas, and flies in the 
moist sand of the intertidal zone.  Construction of any new hatcheries to provide spat for the 
expanded restoration program under Alternative 2 could adversely affect these beetles, if 
facilities were sited in areas they inhabit. 
 
4.4.3.5 Potential Effects on RTE Plants 
 


The sensitive jointvetch is an annual marsh plant that occurs in the freshwater tidal 
sections of rivers systems in the Bay, mainly in Virginia.  Alternative 2 would not affect this 
species because oysters do not inhabit fresh water. 
 


4.4.4 Alternative 3:  Harvest Moratorium 
 


4.4.4.1 Potential Effects on RTE Fish 
 
Shortnose and Atlantic Sturgeon – Alternative 3 would not affect the spawning habitat 


of the RTE species of sturgeon in Chesapeake Bay because oyster beds are not found in fresh 
water.  Under Alternative 3, the soft-bottom benthic community could decrease in some salinity 
zones of Maryland waters where oyster numbers increased.  This could indirectly influence the 
sturgeon because their food resources might decrease.  In some Virginia waters, Alternative 3 
could result in an increase in soft-bottom habitat where oyster numbers would decrease.  In these 
waters, Alternative 3 could have a positive influence on the soft-bottom benthic community and, 
indirectly, on the sturgeon.  


 
Spotfin Killifish – Alternative 3 could have a small positive influence on SAV (Section 


4.3.4), which might result in a minimal increase in habitat for the spotfin killifish.  Alternative 3 
would not influence zooplankton and therefore would not affect the food supply for killifish. 
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Based on the results of the ERA, the magnitudes of the potential beneficial effect on habitat and 
food resources for the spotfin killifish probably would be very small (Section 4.2.4). 
 
4.4.4.2 Potential Effects on RTE Birds 


  
Bald Eagle – Alternative 3 would not be expected to affect nesting habitat for bald 


eagles.  The ERA suggests that Alternative 3 could have a positive influence on avian piscivores 
(Section 4.2.4) such as the bald eagle in most salinity zones where oyster biomass would 
increase in the Bay.  That positive influence would be due to an indirect relationship in which an 
increase in oyster abundance would create more habitat for reef-oriented fish, some of which are 
prey species for some avian piscivores.  In Virginia’s polyhaline zone, oyster biomass may 
decrease under Alternative 3. In that area, Alternative 3 could result in a slight negative influence 
for avian piscivores like the bald eagle.  Decreased hard-bottom habitat would mean diminished 
habitat for reef-oriented fish and decreased fish prey for eagles; however, bald eagles could shift 
to other food resources in the absence of fish. 
 


Peregrine Falcon – Alternative 3 would be unlikely to affect nesting habitat for 
peregrine falcons because they nest almost exclusively on rocky cliffs and tall manmade 
structures (e.g., bridges and skyscrapers; Section 3.4.2).  The ERA suggests that Alternative 3 
could have a small positive influence in Maryland on some species of waterfowl (i.e., avian 
oyster predators, avian piscivores, and avian soft-bottom feeders), which might result in more 
prey for peregrine falcons.  In the high-salinity zones in Virginia, the ERA suggests a small 
negative influence on some species of waterfowl, which might result in a slight reduction of prey 
for the peregrine falcon.  Given the very small projected influence on their prey, any detectable 
affects on peregrine falcons probably would be small. 
 


Wilson’s and Piping Plovers – Both species of plover are soft-bottom feeders (Section 
3.4.2).  The ERA suggests that Alternative 3 could have a minimal positive influence on avian 
soft-bottom feeders in the Maryland mesohaline zone.  In other salinity zones, the ERA suggests 
that avian soft-bottom feeders would not be affected by the harvest moratorium.  The magnitude 
of the influence of the harvest moratorium on the two RTE species of plover probably would be 
very small.  


 
Black Skimmer – The ERA suggests that a harvest moratorium would have no influence 


on planktivorous fish, which are food for the black skimmer.  The ERA predicts a positive 
influence on avian piscivores like the black skimmer in some salinity zones (MD OH and VA 
OH) but a negative influence on avian piscivores in others (VA PH).   
 


Brown Pelican – The ERA suggests that Alternative 3 would have no influence on 
planktivorous fish, which are one source of food for the brown pelican.  It predicts a positive 
influence on avian piscivores in some salinity zones (MD OH and VA OH) but a negative 
influence in others (VA PH).  The ERA suggests that the harvest moratorium would not affect 
the soft-bottom benthos, including some of the crustaceans consumed by the brown pelican, in 
any state/salinity zone.  Any effects on the brown pelican as a result of an oyster harvest 
moratorium would be slight. 
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Terns – Roseate, Caspian, royal, and sandwich terns prey primarily on planktivorous 
fish; the diets of roseate, Caspian, and sandwich terns also include some soft-bottom benthos.  
The diet of the least tern includes small crustaceans, and the diet of the gull-billed tern is almost 
exclusively insects (Section 3.4.2).  The ERA suggests that a harvest moratorium would not 
affect the soft-bottom benthos, and would have no influence on planktivorous fish, which some 
terns consume as prey.  It predicts a positive influence on avian piscivores in some salinity zones 
(MD OH and VA OH) but a negative influence in others (VA PH).  The general nesting habitat 
for all of these species, various kinds of beaches associated with barrier islands, would not be 
affected under this alternative. 
 
4.4.4.3 Potential Effects on RTE Reptiles 
 


Loggerhead Turtle – Loggerhead turtles account for nearly 90% of the summer 
population of sea turtles in the Bay.  The loggerhead is on the Federal list of threatened species 
and is considered threatened in Maryland and Virginia.  Loggerheads eat horseshoe crabs, 
jellyfish, crustaceans, and mollusks and forage primarily along channels near the mouths of 
rivers and in areas of the Bay that are more than 13 feet deep.  The ERA suggests that 
Alternative 3 could have a positive influence on reptiles, including turtles, in all regions of the 
Bay except Virginia’s polyhaline zone (Section 4.2.4).  They may, however, experience a 
decrease in prey availability in areas where oyster biomass would increase if oysters filter larval 
jellyfish from the water before they can settle on hard surfaces.   
 


Kemp’s Ridley Turtle – The ERA suggests that Alternative 3 could have a positive 
influence on blue crabs because they prey on oysters; consequently, the harvest moratorium 
could have a beneficial effect on the availability of prey for Kemp’s ridley turtles.   
 


Green Turtle – Juveniles are primarily carnivorous, whereas the diet of adult green 
turtles includes significant quantities of plant material, including eelgrass, sea lettuce, and 
macroalgae.  The ERA suggests that Alternative 3 could have a small positive influence on SAV 
in the Bay (Section 4.3.4).  The magnitude of the positive influence would increase with 
increasing oyster biomass (Section 4.4.5 of Appendix B).  An oyster harvest moratorium, 
therefore, could have a small beneficial effect on the availability of food for adult green turtles.  
Increases in jellyfish that might result from increases in oyster biomass in some salinity zones 
could be benefit juveniles.  The ERA suggests that Alternative 3 would have a slight negative 
influence on reptiles, including turtles, in Virginia’s polyhaline zone, but a slight positive 
influence in most other salinity regions. 
 


Leatherback Turtle – The ERA predicts that a harvest moratorium would have no 
influence on zooplankton and suggests a slight negative influence on reptiles, including turtles, 
in Virginia’s polyhaline zone, but a slight positive influence in most other salinity regions.  
Leatherback turtles may, however, experience a decrease in prey availability in areas where 
oyster biomass would increase if oysters filter larval jellyfish from the water before they can 
settle on hard surfaces.   
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Atlantic Hawksbill Turtle – Coral reef is the main habitat of the Atlantic hawksbill turtle. 
Sightings of hawksbills are rare north of Florida (NMFS 2005).  Alternative 3 would have no 
appreciable effect on Atlantic hawksbill turtles.  
 
4.4.4.4 Potential Effects on RTE Insects 


 
Habitat for both the Puritan tiger beetle and the Northeastern beach tiger beetle is sandy 


beaches.  Alternative 3 would not affect either species of tiger beetle. 
 
4.4.4.5 Potential Effects on RTE Plants 


 
The sensitive jointvetch is an annual marsh plant that occurs in the freshwater tidal 


sections of river systems in the Bay, mainly in Virginia.  Alternative 3 would not affect this 
species because oysters do not inhabit fresh water. 
  


4.4.5 Alternative 4:  Cultivate Eastern Oysters 
 


4.4.5.1 Potential Effects on RTE Fish 
 
Shortnose and Atlantic Sturgeon – Alternative 4 would have no effect on the spawning 


habitat of either RTE species of sturgeon because aquaculture operations would not occur in 
fresh water.  Alternative 4 would affect the availability of food for sturgeon to the extent that 
enrichment of substrate under concentrated off-bottom aquaculture operations might enhance 
soft-bottom benthos. 


 
Spotfin Killifish – The spotfin killifish inhabits salt marshes and feeds on zooplankton 


and emergent insects.  The effects of aquaculture would depend on the location of concentrated 
operations.  In areas of concentrated aquaculture, SAV might benefit, which could result in a 
minimal increase in habitat for the spotfin killifish.  The negative influence on zooplankton that 
might result from increased filtering by oysters could decrease the supply of food available for 
killifish.  
 
4.4.5.2 Potential Effects on RTE Birds 


 
Bald Eagle – Alternative 4 could result in enhanced boating and other support activity 


associated with expanded aquaculture operations.  Such activity could affect nesting bald eagles 
if it were to occur within the recommended buffer zone around nesting sites.  The ERA suggests 
that Alternative 4 would not affect the diet of avian piscivores (Section 4.2.5) such as the bald 
eagle. 


 
Peregrine Falcon – No detectable affects on falcons would be expected as a result of 


aquaculture.   
 


Wilson’s and Piping Plovers – Both Wilson’s plover and piping plover are soft-bottom 
feeders (Section 3.4.2).  The ERA suggests that avian soft-bottom feeders would not be 
influenced by the cultivation of native oysters under Alternative 4.  Construction of hatcheries to 
provide spat required for the aquaculture program would not affect Wilson’s plover but might 
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adversely affect habitat for piping plovers, if facilities were sited in areas that they are known to 
use for nesting or foraging. 


 
Black Skimmer – The ERA suggests that Alternative 4 could have a small negative 


influence on planktivorous fish, which include the black skimmer’s prey species, in Virginia’s 
polyhaline zone; however, no effects on avian piscivores are predicted in any salinity zone.  
Construction of hatcheries to provide spat for the aquaculture program could have an adverse 
effect on habitat for black skimmers, if facilities were sited in areas that they are known to use 
for nesting or foraging.  Also, floats could interfere with the black skimmer’s normal foraging 
activity in areas of extensive suspended aquaculture.  This bird flies near the water surface with 
its beak dipped into the water, and black skimmers would be unable to forage in areas occupied 
by floats.  
  


Brown Pelican – The ERA suggests that Alternative 4 could have a small negative 
influence on planktivorous fish, which include the pelican’s prey species, in Virginia’s 
polyhaline zone; however, no effects are predicted for avian piscivores in any state/salinity zone.  
Any effects of Alternative 4 on the brown pelican would be slight.  As noted for the black 
skimmer, use of floats for aquaculture could interfere with pelican foraging. 
 


Terns – The ERA suggests that Alternative 4 could have a small negative influence on 
planktivorous fish, which include some terns’ prey species, in Virginia’s polyhaline zone; 
however, no effects are predicted for avian piscivores in any state/salinity zone.  In the event of 
any detectable effects, the gull-billed tern probably would be the least affected because of its 
reliance on insects for food.  The ERA suggests that Alternative 4 would not affect the soft-
bottom benthos. The general nesting habitat for all of these species, various kinds of beaches 
associated with barrier islands, could be affected by the construction and maintenance of 
hatcheries and other infrastructure involved in the aquaculture program. 


 
4.4.5.3 Potential Effects on RTE Reptiles 
 


No trophic effects would be expected for any of the RTE species of turtles; however, 
adult turtles could become entangled with floats or buoy lines in areas of concentrated 
aquaculture.   


 
4.4.5.4 Potential Effects on RTE Insects 


 
Construction of infrastructure, such as new docks, shoreline processing facilities, and 


hatcheries to provide spat required for expanded aquaculture operations could adversely affect 
tiger beetles, if facilities were sited in areas they inhabit.   


 
4.4.5.5 Potential Effects on RTE Plants 


 
The sensitive jointvetch is an annual marsh plant that occurs in the freshwater tidal 


sections of river systems in the Bay, mainly in Virginia.  Alternative 4 would not affect this 
species because oysters do not inhabit fresh water. 
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4.4.6 Alternative 5:  Cultivate a Nonnative Oyster 
 
The potential consequences of an accidental introduction of diploid Suminoe oysters 


resulting from triploid aquaculture operations would be the same as described for the proposed 
action for all RTE species.  Other potential effects of large-scale aquaculture operations are 
described in the following sections. 


 
4.4.6.1 Potential Effects on RTE Fish 


 
Shortnose and Atlantic Sturgeon – Alternative 5 would have no effect on the spawning 


habitat of the RTE species of sturgeon because aquaculture operations would not occur in fresh 
water. Nonnative oysters would be cultivated using confined, off-bottom methods; consequently, 
substrate beneath culture areas could be enriched, resulting in enhancement of benthos. Such 
enrichment could increase the availability of food for juvenile sturgeon. 


 
Spotfin Killifish – The spotfin killifish inhabits salt marshes and feeds on zooplankton 


and emergent insects.  The effects of aquaculture on killifish would depend on the location of 
concentrated operations.  In areas of concentrated aquaculture, SAV might benefit, which could 
result in a minimal increase in habitat for the spotfin killifish.  The negative influence on 
zooplankton that might result from increased filtering by oysters could decrease the supply of 
food available for killifish.   


 
4.4.6.2 Potential Effects on RTE Birds 


 
Bald Eagle – Alternative 5 could result in enhanced boating and other support activity 


associated with expanded aquaculture operations.  Such activity could affect nesting bald eagles 
if it occurs within the recommended buffer zone around nesting sites.  Construction of 
infrastructure for aquaculture operations (e.g., docks, hatcheries) could affect eagles if it occurs 
within the recommended buffer zones around nesting sites. The ERA suggests that Alternative 5 
would not affect the diet of avian piscivores (Section 4.2.6) such as the bald eagle. 
 


Peregrine Falcon – No detectable affects on falcons would be expected as a result of 
aquaculture.   
 


Wilson’s and Piping Plover – Both Wilson’s plover and piping plover are soft-bottom 
feeders (Section 3.4.2).  The ERA suggests that avian soft-bottom feeders would not be 
influenced by cultivation of a nonnative oyster.  Construction of hatcheries to provide spat 
required for the maximum economically viable aquaculture program would not affect Wilson’s 
plover but might adversely affect habitat for piping plovers, if facilities were sited in areas that 
they are known to use for nesting or foraging. 


 
Black Skimmer – The ERA suggests that Alternative 5 could have a small negative 


influence on planktivorous fish, which include the black skimmer’s prey species, in areas of 
concentrated aquaculture operations; however, no effects on avian piscivores are predicted in any 
state/salinity zone.  Construction of hatcheries to provide spat for the maximum economically 
viable aquaculture program and other infrastructure for the industry (e.g., docks, shucking 
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houses) could adversely affect habitat for black skimmers, if facilities were sited in areas that 
they are known to use for nesting or foraging.  Also, extensive use of floats and buoys (used to 
mark off-bottom cages or suspended bags) could interfere with the black skimmer’s normal 
foraging activity in areas of extensive aquaculture.  This bird flies near the water surface with its 
beak dipped into the water, and its foraging could be impaired in areas occupied by floats or 
numerous buoys.  


 
Brown Pelican – The ERA suggests that Alternative 5 could have a small negative 


influence on planktivorous fish, which include the pelican’s prey species, in areas of concen-
trated aquaculture; however, no effects on avian piscivores are predicted for any state/salinity 
zone.  Any effects of Alternative 5 on the brown pelican would be slight.  As with the black 
skimmer, use of floats and buoys could interfere with foraging. 


 
Terns – The ERA suggests that Alternative 5 could have a small negative influence on 


planktivorous fish, which include some terns’ prey species, in areas of concentrated aquaculture; 
however, no effects on avian piscivores are predicted for any state/salinity zone.  In the event of 
any detectable effects, the gull-billed tern probably would be the least affected because of its 
reliance on insects for food.  The ERA suggests that Alternative 5 would not affect the soft-
bottom benthos. The general nesting habitat for all of these species, various kinds of beaches 
associated with barrier islands, could be affected by the construction and maintenance of 
hatcheries and other infrastructure involved in a large-scale aquaculture program. 


 
4.4.6.3 Potential Effects on RTE Reptiles 
 


No trophic effects would be expected for any of the RTE species of turtles; however, 
adult turtles could become entangled with floats or buoy lines in areas of concentrated 
aquaculture.   
 
4.4.6.4 Potential Effects on RTE Insects 


 
Construction of infrastructure, such as new docks, shoreline processing facilities, and 


hatcheries to provide spat required for the maximum economically viable aquaculture program 
could adversely affect tiger beetles, if facilities were sited in areas they inhabit.   
 
4.4.6.5 Potential Effects on RTE Plants 


 
The sensitive jointvetch is an annual marsh plant that occurs in the freshwater tidal 


sections of river systems in the Bay, mainly in Virginia.  Alternative 5 would not affect this 
species because oysters do not inhabit fresh water. 
 


4.4.7 Alternative 8:  Combination of Alternatives 
 


Combination 8a. – Eastern oyster only. - The potential effects of management actions 
included in this combination on RTE species are summarized in Table 4-9.  Categories included 
in this evaluation include construction of new oyster hatcheries, the direct or indirect effects of 
changes in oyster abundance on food availability for RTE species, and potential negative 
interactions with aquaculture floats or buoy lines.  The number of RTE species potentially  
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Table 4-9. Potentially additive influences of components of Combinations of Alternatives 8a, 8b, and 8c on RTE species in 


Chesapeake Bay based on individual assessments of the proposed action and alternatives presented in this section. 


Potential effect 
Proposed Action  


(8c) 
Alternative  2  


(8a, b, & c) 
Alternative 3 
(8a, b, & c) 


Alternative 4 
 (8a, b, &c) 


Alternative 5  
(8b & c) 


Hatcheries – adverse  
effect if constructed 
near important 
nesting/foraging areas   


bald eagle, piping plover, 
black skimmer, brown 
pelican, puritan tiger beetle 
and Northeastern beach 
tiger beetle 


bald eagle, piping plover, 
black skimmer, brown 
pelican, puritan tiger beetle 
and Northeastern beach tiger 
beetle 


 bald eagle, piping plover, 
black skimmer, brown 
pelican, puritan tiger 
beetle and Northeastern 
beach tiger beetle 


bald eagle, piping plover, 
black skimmer, brown 
pelican, puritan tiger 
beetle and Northeastern 
beach tiger beetle 


Indirect effect on 
food availability – 
potential very small 
to small   negative 
effect 


Atlantic and shortnose 
sturgeon, spotfin, killifish, 
Wilsons plover, piping 
plover, black skimmer, 
brown pelican, most species 
of RTE terns, leatherback 
turtle and Atlantic hawksbill 


Atlantic and shortnose 
sturgeon, spotfin, killifish, 
black skimmer, brown 
pelican, most species of RTE 
terns, leatherback turtle and 
Atlantic hawksbill 


 spotfin killifish, black 
skimmer, brown pelican 


spotfin killifish, black 
skimmer, brown pelican  


Indirect effect on 
food availability – 
potential very small 
to small positive 
effect  


bald eagle, peregrine falcon, 
Kemp’s Ridley turtle and 
green turtle (adult)  


bald eagle, peregrine falcon, 
Kemp’s Ridley turtle and 
green turtle (adult) 


Kemp’s 
Ridley green 
turtle (adult) 


Atlantic and shortnose 
sturgeon 


Atlantic and shortnose 
sturgeon 


Potential negative 
interactions with 
aquaculture floats or 
buoy lines 


   All species of sea turtles All species of sea turtles 
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affected by this combination of alternatives is similar to Combinations 8b and 8c; however, 
because increases in oyster abundance are expected to be relatively small and restricted to low-
salinity waters under this combination of alternatives, the magnitude and geographic area in 
which effects on RTE species might occur would most likely be smaller than for the other 
combinations.  
 


Combination 8b. – Eastern oyster and triploid nonnative Suminoe oysters. - The 
potential effects of this combination on RTE species are expected to be similar to combination 8a 
and 8c (Table 4-9).  Some increase in oyster abundance is expected in low-salinity waters and  in 
high-salinity waters as a result of triploid aquaculture; therefore,  the magnitude of potential Bay-
wide effects on RTE species under this combination is expected to be somewhat greater than for 
Combination 8a and somewhat lesser than for Combination 8c. 


 
Combination 8c. – Eastern oyster and both diploid and triploid nonnative Suminoe 


oysters. - Because the potential for widespread increases in oyster abundance is greatest under 
this combination of alternatives, the magnitude of effects on RTE species due to management 
actions included in this combination of alternatives is also potentially greater than for 
Combinations 8a or 8b.   


 
4.5 ESSENTIAL FISH HABITAT 


 
As described in Section 3.5, the Magnuson-Stevens Fishery Conservation and Management 


Act (MSFCMA), as amended by the Sustainable Fisheries Act of 1996 (Public Law 104-267), 
sets forth several mandates for the U.S. Department of Commerce (USDOC) National Oceanic 
and Atmospheric Administration (NOAA), NMFS, regional fishery management councils 
(councils) and other Federal agencies to identify and protect important habitat for marine and 
anadromous fish.  EFH is different than the critical habitat defined under the Endangered Species 
Act of 1973 because measures recommended to protect EFH are advisory rather than 
prescriptive.  Under the MSFCMA, fishery management plans must identify and describe EFH 
for the fishery and minimize adverse effects on the fishery to the extent practical (NMFS 2005).     


 
In conducting the EFH analysis, six summary EFH designations specific to major 


portions of the Chesapeake Bay in Maryland were identified:  Chesapeake Bay Mainstem, 
Chester River, Choptank River, Patuxent River, Potomac River, and Tangier/Pocomoke Sound. 
Four summary EFH designations specific to major portions of the Chesapeake Bay in Virginia 
were identified:  Chesapeake Bay Mainstem, James River, Rappahannock River, and York River.  
In addition, summary designations were identified for several discreet areas of the lower Bay in 
Virginia that are not covered by the other geographical listings (http://www.nero.noaa.gov 
/hcd/est.htm).  Twenty-one Federally managed species have designated EFH within Chesapeake 
Bay.  Table 3-3 in Section 3.5 summarizes EFH for those species.  Portions of the lower Bay 
were designated as habitat areas of particular concern (HAPC) for the sandbar shark 
(Charcharinus plumbeus).  Other HAPC that may occur in the Bay has been defined for summer 
flounder (Paralichthys dentatus) and red drum (Sciaenops ocellatus). 


 
Performing an EFH assessment for this PEIS is somewhat unusual.  Effects on EFH 


usually are evaluated for one, specifically defined project or action proposed for a particular 
location (e.g., construction of a new underwater pipeline across a particular body of water).  A 
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typical EFH assessment considers how the project or action would alter the environment (e.g., 
how a particular method of trenching to bury a pipeline might affect water quality and substrate 
characteristics) and the consequences of that alteration for essential habitat for Federally 
managed species (e.g., a change in substrate characteristics makes a location less suitable for 
spawning).  This EFH assessment is a programmatic analysis that is intended to assist decision 
makers to identify an appropriate or preferred strategy rather than to render a project-based 
decision.  It describes representative future actions, and evaluates them to the degree possible 
given the information presently available.  Most specific future proposals will require subsequent 
environmental analysis to evaluate project-specific details that were not available for this 
Programmatic EIS.  In this PEIS, the proposed action and eight alternatives all are being 
considered as possible strategies for restoring oysters throughout Chesapeake Bay; no preferred 
alternative has yet been identified, and no specific projects to implement any strategy have been 
designed.  For this reason, the lead agencies have not yet initiated an EFH consultation with 
NOAA.  The descriptions of the nine actions considered in this PEIS are quite general, and the 
“project area” is the entire Chesapeake Bay; moreover, successful implementation of many of 
these strategies would result in intentionally increasing a particular kind of habitat throughout the 
Bay.  Given the scope and scale of this PEIS, this EFH assessment focuses on how changes in 
oyster abundance in the Bay projected to result from implementing the proposed action and each 
alternative might affect each of the life stages of the managed species that have designated EFH 
in the Bay.  This necessary focus on the managed species instead of on specific kinds of habitat 
in a particular location is a departure from standard EFH assessments; nevertheless, this 
assessment will provide useful guidance for more site-specific assessments in later tiers of NEPA 
evaluations related to oyster restoration, should they be required.  


 
This assessment of potential general effects on EFH is organized to correspond with the 


relevant receptor categories employed in the ERA: planktivorous fish, piscivorous fish, and reef-
oriented fish.  Each managed species was assigned to the most appropriate receptor category to 
facilitate the use of findings of the ERA for evaluating the potential effects of the proposed 
action and alternatives.  The bottom-dwelling species (i.e., flounders and skates) did not fit well 
into one of the receptor categories for the ERA and were grouped together and evaluated based 
on the projected effects on their preferred habitat and food.  Section 2.3 and 2.4 of the ERA 
(Appendix B) describes the potential modes of interaction between oysters and the receptor 
categories.  The findings of the ERA are based on projections of oyster abundance described in 
Section 4.1, with the anticipated distribution of increases within state/salinity zones drawn from 
exploratory model runs described in Appendix A.  Because of the uncertainties associated with 
oyster abundance projections, EFH assessments are subject to the same kinds and magnitudes of 
uncertainty.  The results of the EFH assessment are summarized in a table for each of the actions. 


 
4.5.1 Proposed Action: Introduce the Suminoe Oyster and Continue Efforts to 


Restore the Eastern Oyster 
 


If the proposed action were to result in a substantial increase in oyster abundance 
throughout the Bay, several managed species with designated EFH in the Bay could be affected 
directly or indirectly.  An increase in oyster biomass could affect the managed species classified 
as reef-oriented fish (Table 4-10) positively because of the increased availability of their 
preferred habitat, food, or both.  An increase in oyster reef in the Bay could affect managed
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Table 4-10. Potential effects of the proposed action on managed species with designated 
EFH in Chesapeake Bay.  


Species Stage* Potential Influences 
Planktivorous Fish  
Atlantic herring A 


E, L 
No large-scale effect.  Locally, increased numbers of 
oysters could compete with adult herring or larval 
butterfish for food. 


Atlantic butterfish  


J, A Increased numbers of oysters could compete with this 
species for food. 


Piscivorous Fish  
Bluefish J, A Availability of food could increase as small forage 


fish increase near reef habitat. 
E, L No large-scale effect. Cobia 
J, A Availability of food could increase as small forage 


fish increase near reef habitat. 
E, L, J No large-scale effect. King mackerel 
A Availability of food could increase as small forage 


fish increase near reef habitat. 
E, L, J No large-scale effect. Spanish mackerel 
A Availability of food could increase as small forage 


fish increase near reef habitat. 
L No large-scale effect. Dusky shark  
J Availability of food could increase as small forage 


fish increase near reef habitat. 
L No large-scale effect. Sandbar shark 
J, A Availability of food may increase as small forage fish 


increase near reef habitat. 
L No large-scale effect. Sand tiger shark 
A 


Atlantic sharpnose shark A 
Scalloped hammerhead shark J 


Availability of food could increase as small forage 
fish increase near reef habitat. 
 


Reef-Oriented Fish 
Red hake J, A Increased oyster reef habitat and food availability 


could occur where oysters increase. 
Black sea bass J, A 
Scup, porgy J, A 


Availability of oyster-reef habitat and food could 
increase where oysters increase. 


L Increased numbers of oysters could compete indirectly 
with this species for food. 


Red drum 


J, A Availability of oyster-reef habitat and food could 
increase where oysters increase.  


Skates and Flounders 
Clearnose skate J, A 
Little skate J, A 
Winter skate J, A 
Summer flounder L, J, A 
Windowpane flounder J, A 
Winter flounder J, A 


An increase in oyster reef habitat could result in a 
slight decrease in the availability of food (soft-bottom 
benthos).   


*Stage codes:  E = egg, L = larvae, J = juvenile, A = adult 
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species in the piscivorous fish category positively because it would provide habitat and 
protection for forage fish that are prey for the larger piscivorous fish.  Managed species in the 
planktivorous category and larvae of other species could be negatively affected by an increase in 
oyster biomass through indirect competition for planktonic food resources, which would be 
likely in Chesapeake Bay only on a very local basis.  If phytoplankton food resources were to 
become scarce in such circumstances, growth, reproduction, and survival of planktivorous fish 
could decline with increasing oyster abundance.  If the proposed action were to not result in 
substantial increases in oyster abundance, none of these effects would be realized. 
 


4.5.2 Alternative 1:  No-Action 
 
The effects of Alternative 1 on EFH (Table 4-11) would be small because no substantial increase 
in oyster abundance would be likely, and abundance might, in fact, decline in most areas.  In 
high-salinity waters of Virginia’s portion of Chesapeake Bay, where oyster numbers would 
likely decrease, reef-oriented fish could be negatively affected by decreased hard-bottom habitat.  
Because oysters feed on some kinds of plankton, a decrease in the number of oysters could 
reduce competition with planktivorous fish for food.  Such influences on planktivorous fish 
could affect piscivorous fish through the food chain (i.e., an indirect effect of changes in oyster 
abundance).  As the numbers of planktivorous fish increase due to an increased food supply, the 
abundance of piscivorous fish could increase as well.  In the oligohaline waters of Maryland, an 
increase in oyster numbers could result in an increase in hard-bottom habitat at a local level, thus 
improving conditions for reef-oriented fish, if that habitat is within their preferred salinity range.  
Piscivorous fish also could be positively affected due to increases in forage fish near new or 
expanded oyster bars.  Planktivorous fish may compete with oysters for food; however, this 
effect would be minimal for Alternative 1, given the modest projected increase in oysters. 
 


4.5.3 Alternative 2:  Enhance Restoration 
 


Under Alternative 2, oyster populations are likely to increase primarily in low-salinity 
zones in Maryland (Table 4-12).  In these areas, the increase in oyster reef habitat would affect 
reef-oriented fish positively by providing additional habitat.  Planktivorous fish might compete 
with oysters for food and could decrease in abundance if food resources become limiting.  
Increases in forage fish near oyster bars could affect piscivorous fish positively. Alternative 2 is 
projected to result in some reduction in oyster abundance in some Virginia waters.  As oyster 
abundance decreases, decreasing hard-bottom habitat could negatively affect reef-oriented fish 
species.  The ERA projected declines or very minimal increases in reef-oriented species in 
Virginia waters.  


 
4.5.4 Alternative 3:  Harvest Moratorium 


 
The abundance of native oysters is projected to increase primarily in the oligohaline 


zones in response to Alternative 3 (Table 4-13).  Where oyster abundance increases, hard-bottom 
substrate also would increase, providing more habitat for reef-oriented fish in those areas.  The 
increase in oyster bars also could provide habitat for small forage fish, which might result in 
increased abundance of piscivorous species.  In areas where oysters increase, planktivorous fish 
would experience indirect competition for food and could be negatively affected if food becomes 
limiting.  The abundance of oysters would continue to decline in the mesohaline and polyhaline  
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Table 4-11. Potential effects of Alternative 1 on managed species with designated EFH in 
Chesapeake Bay 


Species Stage* Potential Influences 
Planktivorous Fish  
Atlantic herring A 


E, L 
No large-scale effect. 


Atlantic butterfish  
J, A Increased numbers of oysters could compete indirectly 


with this species for food.  Decreased numbers of oysters 
could result in reduced competition for food.  


Piscivorous Fish 
Bluefish J, A Availability of forage fish (prey) could increase where 


oyster-reef habitat increases but decrease where oyster-
reef habitat decreases.    


E, L No large-scale effect. Cobia 
J, A Availability of forage fish (prey) could increase where 


oyster-reef habitat increases but decrease where oyster-
reef habitat decreases. 


E, L, J No large-scale effect. 
 


King mackerel 


A Availability of forage fish (prey) could increase where 
oyster-reef habitat increases but decrease where oyster-
reef habitat decreases. 


E, L, J No large-scale effect. Spanish mackerel 
A Availability of forage fish (prey) could increase where 


oyster-reef habitat increases but decrease where oyster-
reef habitat decreases.    


L No large-scale effect. Dusky shark  
J Availability of forage fish (prey) could increase where 


oyster-reef habitat increases but decrease where oyster-
reef habitat decreases.  


L No large-scale effect. Sandbar shark 
J, A Availability of forage fish (prey) could increase where 


oyster-reef habitat increases but decrease where oyster-
reef habitat decreases.  


L No large-scale effect. Sand tiger shark 
A 


Atlantic sharpnose shark A 
Scalloped hammerhead shark J 


Availability of forage fish (prey) could increase where 
oyster reef habitat increases but decrease where oyster-
reef habitat decreases.  


Reef-Oriented Fish 
Red hake J, A 
Black sea bass J, A 
Scup (porgy) J, A 
Red drum L, J, A 


Availability of oyster-reef habitat and food could 
decrease where oysters decrease and increase where 
oysters increase.  
 


Skates and Flounders   
Winter skate J, A 
Clearnose skate J, A 
Little skate J, A 
Summer flounder L, J, A 
Windowpane flounder J, A 
Winter flounder J, A 


An increase in oyster reef habitat would result in a slight 
decrease in soft-bottom benthos.  A decrease in oyster 
reef habitat could result in a slight increase in soft-bottom 
benthos. 
 


*Stage codes:  E = egg, L = larvae, J = juvenile, A = adult 
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Table 4-12. Potential effects of Alternative 2 on managed species with designated EFH 


in Chesapeake Bay  
Species Stage Potential Influences 


Planktivorous Fish  
Atlantic herring A 


E, L 
No large-scale effect. 


Atlantic butterfish  
J, A Increased numbers of oysters could compete indirectly 


with this species for food.  Decreased numbers of 
oysters could indirectly result in increased food 
availability. 


Piscivorous Fish  
Bluefish J, A Availability of food could increase as small forage 


fish increase where reef habitat increases. Availability 
of food could decrease where reef habitat decreases. 


E, L No large-scale effect. Cobia 
J, A Availability of food could increase as small forage 


fish increase where reef habitat increases. Availability 
of food could decrease where reef habitat decreases. 


E, L, J No large-scale effect. King mackerel 
A Availability of food could increase as small forage 


fish increase where reef habitat increases. Availability 
of food could decrease where reef habitat decreases. 


E, L, J No large-scale effect. Spanish mackerel 
A Availability of food could increase as small forage 


fish increase where reef habitat increases. Availability 
of food could decrease where reef habitat decreases.  


L No large-scale effect. Dusky shark  
J Availability of food could increase as small forage 


fish increase where reef habitat increases. Availability 
of  food could decrease where reef habitat decreases. 


L No large-scale effect. Sandbar shark 
J, A Availability of food could increase as small forage 


fish increase where reef habitat increases. Availability 
of food could decrease where reef habitat decreases. 


L No large-scale effect. Sand tiger shark 
A 


Atlantic sharpnose shark A 
Scalloped hammerhead shark J 


Availability of food could increase as small forage 
fish increase where reef habitat increases. Availability 
of food could decrease where reef habitat decreases. 
 


Reef-Oriented Fish  
Red hake J, A 
Black sea bass J, A 
Scup (porgy) J, A 
Red drum L, J, A 


Availability of oyster-reef habitat and food could 
decrease where oysters decrease.  Availability of 
oyster-reef habitat and food could increase where 
oysters increase. 


Skates and Flounders 
Clearnose skate J, A 
Little skate J, A 
Winter skate J, A 
Summer flounder L, J, A 
Windowpane flounder J, A 
Winter flounder J, A 


An increase in oyster-reef habitat might result in a 
slight decrease in soft-bottom benthos. A decrease in 
oyster -reef habitat could result in a slight increase in 
soft-bottom benthos. 


*Stage codes:  E = egg, L = larvae, J = juvenile, A = adult 
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Table 4-13. Potential effects of Alternative 3 on managed species with designated EFH 


in Chesapeake Bay 
Species Stage* Potential Influences 


Planktivorous Fish  
Atlantic herring A 


E, L 
No large-scale effect. 


Atlantic butterfish  
J, A Increased numbers of oysters could compete indirectly 


with this species for food.  Decreased numbers of 
oysters could indirectly result in increased food 
availability. 


Piscivorous Fish 
Bluefish J, A Availability of food could increase as small forage 


fish increase where reef habitat increases. Availability 
of food could decrease where reef habitat decreases.  


E, L No large-scale effect. Cobia 
J, A Availability of food could increase as small forage 


fish increase where reef habitat increases. Availability 
of food could decrease where reef habitat decreases. 


E, L, J No large-scale effect. King mackerel 
A Availability of food could increase as small forage 


fish increase where reef habitat increases. Availability 
of food could decrease where reef habitat decreases. 


E, L, J No large-scale effect. Spanish mackerel 
A Availability of food could increase as small forage 


fish increase where reef habitat increases. Availability 
of food could decrease where reef habitat decreases. 


L No large-scale effect. Dusky shark  
J Availability of food could increase as small forage 


fish increase where reef habitat increases. Availability 
of food could decrease where reef habitat decreases. 


L No large-scale effect. Sandbar shark 
J, A Availability of food could increase as small forage 


fish increase where reef habitat increases. Availability 
of food could decrease where reef habitat decreases. 


L No large-scale effect. Sand tiger shark 
A 


Atlantic sharpnose shark A 
Scalloped hammerhead shark J 


Availability of food could increase as small forage 
fish increase where reef habitat increases. Availability 
of food could decrease where reef habitat decreases. 


Reef-Oriented Fish  
Red hake J, A 
Black sea bass 
 


J, A 


Scup (porgy) 
 


J, A 


Red drum L, J, A 


Availability of oyster reef habitat and food could 
decrease where oysters decrease.  Availability of 
oyster reef habitat and food could increase where 
oysters increase. 


Skates and Flounders 
Clearnose skate J, A 
Little skate J, A 
Winter skate J, A 
Summer flounder L, J, A 
Windowpane flounder J, A 
Winter flounder J, A 


An increase in oyster reef habitat could result in a 
slight decrease in soft-bottom benthos.  A decrease in 
oyster reef habitat could result in a slight increase in 
soft-bottom benthos. 


*Stage codes:  E = egg, L = larvae, J = juvenile, A = adult 
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zones in Virginia (Section 4.1.4).  Declining oyster abundance could negatively affect reef-
oriented fish that depend on hard-bottom substrate.  The decrease in oyster populations might 
affect planktivorous fish positively due to a reduction in indirect competition for food.  An 
increase in planktivorous species might positively influence piscivorous species due to increased 
availability of prey.  The ERA suggests that any effects of Alternative 3 in the polyhaline zones 
would be very small. 


 
4.5.5 Alternative 4:  Cultivate Eastern Oysters 


 
Under Alternative 4, Eastern oyster spat would be placed in areas of pre-existing hard-


bottom habitat.  The availability of hard-bottom habitat could increase temporarily, until 
cultivated oysters reach market size and are harvested (Table 4-14); therefore, some habitat for 
reef-oriented fish could be created in aquaculture areas.  Off-bottom cages could be attractive for 
species that prefer to associate with structures (e.g., red hake and black sea bass), although the 
availability of that habitat also would be temporary.  The temporary habitat provided by 
aquaculture operations is not likely to have a significant effect on reef-oriented species.  The 
ERA suggests that aquaculture would have only a minimal effect on water quality and, thus, on 
plankton populations (Section 4.4.6 of Appendix B).  That result, however, is a function of the 
scale of analysis. Concentrating aquaculture operations in small bodies of water could result in 
measurable  changes  in  water  quality  and  availability  of  food for some managed species with 
 


Table 4-14. Potential effects of Alternative 4 on managed species with designated EFH 
in Chesapeake Bay 


Species Stage* Potential Influences 
Planktivorous Fish  
Atlantic herring A 
Atlantic butterfish E, L, J, A 


No large-scale effect. 
 


Piscivorous Fish  
Bluefish J, A 
Cobia E, L, J, A 
King mackerel E, L, J, A 
Spanish mackerel E, L, J, A 
Dusky shark  L, J 
Sandbar shark L, J, A 


No large-scale effect. 
 


Sand tiger shark L, A 
Atlantic sharpnose shark A 
Scalloped hammerhead shark J 


 


Reef-Oriented Fish Species 
Red hake J, A 
Black sea bass J, A 
Scup (porgy) J, A 
Red drum L, J, A 


Availability of habitat could increase locally around 
aquaculture operations due to temporary increases in 
hard bottom or structure. 


Skates and Flounders 
Clearnose skate J, A 
Little skate J, A 
Winter skate J, A 
Summer flounder L, J, A 
Windowpane flounder J, A 
Winter flounder J, A 


Local increase in hard bottom and the presence of 
structures at aquaculture sites could lead to slight local 
declines in soft-bottom benthos.   
  


*Stage codes:  E = egg, L = larvae, J = juvenile, A = adult 
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EFH in the Bay.  Such local changes are unlikely to affect the managed species significantly 
because the changes would be restricted to a very small portion of any given species’ range.  
Careful siting to avoid concentrating aquaculture operations in areas of unique EFH for any 
particular species within the Bay would minimize even the potential local effects. 
 


4.5.6 Alternative 5:  Cultivate a Nonnative Oyster 
 


Under this alternative, triploid Suminoe oysters would be cultivated in cages, bags, or 
floats (Table 4-15).  Structures would be deployed at various depths in the water column; 
consequently, there would be no increase in hard-bottom habitat.  Some managed species prefer 
to associate with structures (e.g., red hake and black sea bass), and these fish species might be 
attracted to some aquaculture operations.  No effect on water quality or plankton would be 
expected, except locally in the vicinity of operations, and no significant effect on managed 
species would be expected Bay-wide as a result of local changes in water quality and food 
availability.  Careful siting to avoid concentrating aquaculture operations in areas of unique EFH  
for any particular species within the Bay would minimize even the potential local effects. 


 
 


Table 4-15. Potential effects of Alternative 5 on managed species with designated EFH 
in Chesapeake Bay. 


Species Stage Potential Influences 
Planktivorous Fish  
Atlantic herring A 
Atlantic butterfish  E, L, J, A 


No large-scale effect. 
 


Piscivorous Fish  
Bluefish J, A 
Cobia E, L, J, A 
King mackerel E, L, J, A 
Spanish mackerel E, L, J, A 
Dusky shark  L, J 
Sandbar shark L, J, A 
Sand tiger shark L, A 
Atlantic sharpnose shark A 
Scalloped hammerhead shark J 


No large-scale effect. 
 
 
 
 
 
 
 
 


Reef-Oriented Fish 
Red hake J, A 
Black sea bass J, A 


Availability of habitat for species that prefer to 
associate with structures may increase temporarily in 
areas near aquaculture operations. 


Scup (porgy) J, A  
Red drum L, J, A No large-scale effect.  
Skates and Flounders 
Clearnose skate J, A 
Little skate J, A 
Winter skate J, A 
Summer flounder L, J, A 
Windowpane flounder J, A 
Winter flounder J, A 


No large-scale effect.  
 
 
 


*Stage codes:  E = egg, L = larvae, J = juvenile, A = adult 
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4.5.7 Alternative 8:  Combination of Alternatives 
 


 Combination 8a. – Eastern oyster only - This combination has the least potential to 
increase oyster abundance and, therefore, to effect EFH.  In areas where oyster abundance 
increases, the potential effects of this combination of alternatives would be negative for 
planktivorous fish, skates, and flounders and positive for piscivorous fish and most reef-oriented 
fish. Conversely, declines in oyster abundance could positively influence planktivorous fish, 
skates, and flounders, and negatively influence the remaining species. Local effects of 
aquaculture are expected to be positive for reef-oriented fish, negative for skates and flounders, 
and to have no large-scale effect for the remaining species.  
 
 Combination 8b. – Eastern oyster and triploid nonnative Suminoe oysters - In the low- 
salinity areas where oyster abundance is expected to increase as a result of restoration, this 
combination would have a negative influence on planktivorous fish, skates, and flounders and a 
positive influence on piscivorous fish and most reef-oriented fish. In areas where oyster 
abundance continues to decline, the effect could be positive for planktivorous fish, skates and 
flounders and negative for the remaining RTE species. The effects of aquaculture on EFH 
species appear to be locally positive for reef-oriented fish and negative for skates and flounders. 
 
 Combination 8c. – Eastern oyster and both diploid and triploid nonnative Suminoe 
oyster. - This combination has the greatest potential to increase oyster abundance throughout 
Chesapeake Bay and, therefore, could have the largest potential effect on EFH. Widespread 
increases in oyster abundance could adversely affect planktivorous fish, and skates and flounder 
and could positively affect piscivorous fish and most reef-oriented fish.  
 


4.6 CULTURAL, SOCIOECONOMIC,  AND ECONOMIC EFFECTS 
 
The cultural and socioeconomic environment of the Chesapeake Bay area as it relates to 


oysters and the oyster fishery was characterized in Section 3.6.  Two major support projects were 
conducted to develop the data and information required to address the consequences of the 
proposed action and the alternatives for those topics.  The final reports of those projects are 
included in this PEIS as Appendices D (Economics) and E (Cultural and Socioeconomic).  
Assessments presented here are based on summaries of findings and information presented in 
detail in the appendices.  


 
4.6.1 Cultural and Socioeconomic Effects 


 
The potential cultural and socioeconomic effects of the proposed action and alternatives 


were assessed based on interviews, participants’ observations, and survey data for eight groups 
of oyster stakeholders: commercial fishermen (watermen), recreational fishermen, environ-
mentalists, scientists, oyster growers, oyster processors, seafood consumers, and restaurant 
owners. The entire study pool included individuals from a wide range of other categories of 
stakeholders (e.g., recreational boaters, wildlife watchers; swimmers/beach users, waterfront 
property owners, etc.); however, those groups were not addressed separately because this 
socioeconomic analysis focused on household and community effects within an oyster-related 
social framework.  Much of the following analysis is based on the results of our two surveys.  
The first survey, distributed in 2004, was designed to collect information about different groups’ 
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views of oysters and oyster restoration.  The second survey, distributed in 2007, was designed to 
serve three functions:  (1) to obtain additional descriptive information about our stakeholder 
groups; (2) to refine and test the cultural models we constructed based on the results of the first 
survey; and (3) to test the existence and distribution of hypothesized effects of each restoration 
alternative.  Details of these approaches (e.g., sample demographics and socioeconomic 
characteristics, interview and survey methods) are presented in Appendix E.  Oyster stakeholders 
share many of the systems of cultural knowledge assessed in the work reported here.  Group 
knowledge is used to help understand stakeholders’ perceptions of oyster restoration from a 
cultural perspective, and this cultural knowledge is linked to other social and cultural dimensions 
that have value and meaning for people.  Oyster restoration affects that use-value and meaning, 
and the affected use-value and meaning can affect oyster restoration, in turn, through the offer or 
lack of public support and the degree of collaboration among stakeholders. These responses can 
be considered to be cultural facts, not perceptions, and analytically no different than ecological 
or economic facts.   
  


This section focuses on the most significant cultural and socioeconomic effects of the 
proposed action and alternatives for the eight groups of stakeholders and synthesizes that 
information to provide an overview of potential consequences.  Three groups of stakeholders 
depend on oysters directly for their livelihood, at least to some extent:  watermen, growers, and 
processors.  Social, economic, and cultural consequences of the proposed action and alternatives 
are noteworthy, nonetheless, for the other stakeholder groups.  Two analytical frameworks were 
applied to identify potential cultural and socioeconomic effects.  First, cultural values of oysters 
and restoration were identified using a cultural or cognitive model.  This approach provided a 
means of investigating similarities and differences among stakeholders in their beliefs and 
values, the system of cultural knowledge that they use to understand oyster restoration.  This 
investigation was done first at a descriptive level.  In response to informal and formal interview 
questions, members of the stakeholder groups told us explicitly about their views, practices, and 
values as they relate to oysters and oyster restoration.  Next, those specific statements were 
reviewed to identify the larger contexts or systems of knowledge or meaning that framed the spe-
cific, explicit statements.  In other words, the review identified implied frameworks of 
knowledge and values that were necessary for respondents to answer questions as they did.  This 
approach was applied to all study groups; the shared knowledge system that each group used to 
understand oyster restoration was treated as a system of cultural knowledge that individuals used 
to evaluate the effects of different oyster restoration practices.  For example, scientists have a 
system of cultural knowledge based largely on principles of the scientific method; watermen 
have a system of cultural knowledge based largely on experience “working the water;” and the 
seafood-eating public has a system of cultural knowledge that helps people understand oyster 
restoration.  The analysis does not evaluate one system of cultural knowledge against another to 
decide which is correct but, rather, identifies existing, implicit knowledge structures; the degree 
to which they are shared within and among groups of stakeholders; and how they might affect or 
be affected by different actions to restore oysters.  The latter focus was used to identify cognitive 
schemas or models. They are largely tacit, but they can be powerful drivers of behavior and 
valuation or templates for organizing explicit information.  Appendix E1 describes the concepts 
and methods of cultural modeling research as applied to environmental issues for Chesapeake 
Bay. 


An important cultural model for oyster restoration was identified during the course of the 
research and was labeled “Oyster Restoration for Multiple Goals” (Figure 4-15).  This cultural 
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model includes well-known oyster restoration benefits of ecology, economy, and culture and 
well-known factors or requirements such as policy, science, and recognition of natural cycles; 
however, all stakeholder groups understood those factors and benefits as an integrated whole.  
The integration of those benefits and requirements defined stakeholders’ views of successful 
oyster restoration.  From this perspective, an increase in the oyster population alone, whether 
through aquaculture, on managed reserves and sanctuaries, or by itself, would not be construed 
as oyster restoration from the view of all stakeholders unless it contributed to enhancement of all 
three sectors shown in Figure 4-15.  All stakeholder groups viewed oyster restoration as an 
integrated goal that would provide ecological, economic, and cultural benefits.  Members of the 
stakeholder groups expressed strong agreement about the importance of these benefits and 
requirements (80% to 98% of each study group agree; Chapter IV of Appendix E3).  Individual 
stakeholder groups expressed preferences, but they were expressed within the cultural model of 
oyster restoration to accomplish multiple goals (Chapter IV of Appendix E3).   


 


 
Figure 4-15. Cultural model of oyster restoration to accomplish multiple goals (Chapter IV of 


Appendix E3) 
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The second analytical approach used in this effort employed theory and methods from 
economic anthropology to investigate the economic effects of the proposed action and 
alternatives within a social context.  Here, economic behavior is viewed as embedded within 
social institutions and structures.  Oyster stakeholders are rational decision makers, but their 
decisions are affected and constrained by existing social conditions at the household and 
community levels. This socioeconomic approach complements economic analyses presented in 
Section 4.6.2 by providing data on individual choice under different demographic, social, and 
household economic conditions.   
 


Using this socioeconomic approach, each stakeholder group was asked about the specific 
effects of the proposed action and alternatives on their household, business, or consumption of 
seafood.  The criteria used to evaluate effects varied according to stakeholder group. Watermen 
were asked about effects on harvesting; growers, processors, and shippers were asked about 
effects on profitable business activity; scientists and environmentalists were asked about effects 
on research and environmental advocacy; and recreational fishermen and restaurant owners were 
asked about effects on recreational use and consumption of seafood, respectively.  A focus on the 
outcome that would most affect each group’s involvement with oyster restoration, directly or 
indirectly, was common to all the questions.  For some groups and for some questions, the 
reported effects did not vary significantly across alternatives, or the effect was not perceived to 
be significant.  Others, however, indicated potentially significant socioeconomic effects; 
therefore, results for each alternative are presented only for the study groups that indicated a 
significant or noteworthy effect. 


 
The cultural and socioeconomic analyses of the proposed action and alternatives each 


conclude with two summary analyses. “Oyster Community Consequences,” the first summary, 
provides an overview of some of the most important effects of the restoration strategy on one or 
more of the stakeholder groups in the study.  The second, “Cultural Model of Oyster 
Restoration,” discusses the consequences of the identified socioeconomic effects in terms of the 
cultural model of oyster restoration to accomplish multiple goals.  
 
4.6.1.1 Proposed Action:  Introduce the Suminoe Oyster and Continue Efforts to Restore the 


Eastern Oyster 
 


Section 4.1.1 describes a representative introduction plan and the abundance and 
distribution of oysters projected to result from implementing the proposed action according to 
that plan.  Although implementing the proposed action might result in a significant increase in 
the Bay wide oyster population, many factors could preclude the success of an introduction.  
Survey Interview results indicated that stakeholders understand the proposed action to have the 
potential to change the status of oysters in the Bay.  Most stakeholders who were interviewed 
understood the proposed action as significantly different from past restoration strategies.  
Stakeholders’ positions, beliefs, and values varied significantly about whether the proposed 
action should be implemented, about the areas of uncertainty, and about the risks and benefits of 
action or inaction.  
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 Watermen – In a survey conducted in 2004, 64% (n = 58)31 of watermen surveyed 
believed that a nonnative oyster should be introduced immediately.  In a subsequent survey in 
2007, watermen were asked whether they would harvest more, less, or about the same if a 
nonnative oyster were introduced and native oyster restoration were continued at its current 
levels (See Chapter 3 of Appendix E1 for details about the two surveys).  About 71% (n=2 50) of 
respondents reported that they would continue to harvest at current levels (Table 5.2 in Appendix 
E1).  Only 26% (n=92) of respondents said that they would increase their current harvest effort 
under the proposed action.   
  


Two factors accounted for most watermen seeing no need to increase oyster harvest 
effort:  (1) The nonnative oyster would be introduced first on sanctuaries that are closed to 
harvesting; therefore, most of the initial population increase would occur in areas that watermen 
could not harvest and would provide no immediate benefit for them.  Over a 10-year period, the 
introduced oyster would be expected to expand to harvestable bars near the planted sanctuaries; 
consequently, the number of watermen who planned to increase harvesting effort would be 
expected to increase over time.  The amount of that increase would depend on availability and 
quality of hard-bottom habitat for nonnative spat to set outside the sanctuaries.  Furthermore, the 
abundance of nonnative oysters on these fishable bars would need to be sufficient to support 
harvesting for at least a few weeks.  Any less abundance (e.g., enough to support only a few 
days’ work) would make “gearing up” and sailing some distance (possibly requiring a motel 
stay) economically unprofitable and risky (e.g., gear breakdown, bad weather, no place to dock) 
for watermen.  (2) A widespread belief among watermen, particularly in Maryland, holds that 
current oyster restoration activities are inadequate because repletion has ceased in Maryland.  
Oysters put on reserves currently or in the foreseeable future would not produce enough market-
size oysters for watermen as a group to justify increasing their harvest effort.  Maryland oyster 
harvest for the years 2005 through 2007 totaled 391,713 bushels; only 9,366 of those (or about 
2% of the total) were harvested from oyster reserves (DNR 2008).  Also, demographic and 
economic factors may cause many watermen to leave the fishery in the near future, if the 
availability of harvestable oysters does not increase significantly.  Finally, although the 
availability of market-size oysters on sanctuaries and reserves has been an incentive for a small 
number of watermen to harvest oysters illegally, overall the vast majority watermen contend that 
they adhere to the prohibition of harvest from sanctuaries and reserves. 


 
The economic analysis of the net present value of the oyster harvest under the proposed 


action (Section 4.6.2.1) assumes that a substantial fishery would result in 40% exploitation of 
market-size oysters on harvestable bars annually over the 10-year assessment period for the 
PEIS.  The development of a fishery of that magnitude is highly uncertain, given the unknowns 
about the ecological conditions of fishable oyster bars around sanctuaries and the economic costs 
and risks for watermen.   


 
Growers and Processors – Approximately 43% (n=12) of surveyed growers reported no 


anticipated change in their growing operations as a result of the proposed action; 32% (n=9) 
anticipated that the proposed action would benefit them (Table 5.3 in Appendix E1).  Growers 
                                                 
 
31 n is the number of respondents included in the stated percentage, not the total sample size for the stakeholder 
group. 
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are aware of the long time period that may be required to establish a population of the Suminoe 
oyster that would support any significant harvest.  As in the case of watermen, some additional 
benefit to growers would be expected as the introduced population expands from initially seeded 
locations.  In interviews, some growers expressed concern about the possibility that negative 
ecological consequences associated with introducing a nonnative oyster could cause consumers 
to develop negative perceptions about oysters overall, potentially reducing the demand for their 
Eastern oysters.  Fear of the economic consequence of public perception of ecological harm is 
not an unfounded concern.  For example, the 1997 Pfiesteria scare, which affected only 
menhaden, resulted in a reduction in consumption of all fish from Chesapeake Bay and a 
significant loss of revenue for the regional seafood industry.  During the time of heightened 
public concern about Pfiesteria, however, no ecological risk information about the dinoflaggelate 
was available that was comparable to the assessments presented in the ERA about the ecological 
consequences of introducing the Suminoe oyster (Appendix B).  


 
Shellfish processors and shippers were almost evenly split about whether the proposed 


action would benefit their businesses:  46% (n=18) expected no change in business; 41% (n=16) 
expected an increase (Table 5.5 in Appendix E1).  Processors’ and shippers’ positions on the 
benefit of the proposed action were influenced in part by information about the characteristics of 
the Suminoe oyster coming from the VSC trials in the Bay (e.g., favorable: does well in turbid 
environments, tastes good if fried, easy to shuck, more meat inside; unfavorable: too large to be 
served raw, short shelf life, thin shell).  


 
Scientists and Environmentalists – In the 2007 survey, when scientists were asked 


whether we should introduce a nonnative oyster now,  scientists strongly responded “no” (86% ; 
n=26).  Interview data from scientists suggests that most believe we do not know enough yet to 
introduce a nonnative oyster.  In the 2007 survey, scientist responded that a nonnative oyster 
should not be introduced at this time, arguing that more research is needed before attempting an 
introduction. Seventy percent (n=21) of scientists surveyed indicated that a large amount of 
additional research would be required to provide sufficient scientific support for an introduction 
(Table 5.7 in Appendix E1).  As one scientist stated, “The potential positives are clear.  It’s the 
unknowns that are the problem.”  Fifty-four percent (n=23) of environmentalists surveyed 
thought that the proposed action would not be important for reducing pollution and revitalizing 
the natural systems of Chesapeake Bay (Table 5.9 in Appendix E1).  The 2004 survey was 
conducted just as the extensive research on the Suminoe oyster was being initiated.  Most of 
those research studies have been completed or are nearing completion; therefore, current 
attitudes might differ. 


 
Oyster Community Consequences – The proposed action could provide some increase in 


the amount of oysters available for harvesting and processing within 10 years after implemen-
tation; however, the uncertainty about the size of the increase coupled with significant 
uncertainty and risks surrounding ecological and economic outcomes suggests that the proposed 
action might not provide a sufficient financial benefit to watermen and growers within that time 
A relatively minimal economic benefit would not be sufficient to reverse the current trend of 
watermen leaving the fishery (Section 4.6.1.2).  As watermen leave the oyster fishery, pressure 
on the blue crab fishery could increase (NRC 2004), with accompanying increased sales of boats 
and equipment.  Interview data suggest that younger watermen may be particularly financially 
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vulnerable, if they have large boat loans and higher expenses associated with younger families 
(e.g., education, food, health care). 


 
Cultural Model of Oyster Restoration – The proposed action appears to have the 


potential to accomplish the stakeholders’ culturally shared objective of oyster restoration for 
multiple goals; however, uncertainty about the likelihood of realizing the desired ecological, 
economic, and cultural (community) benefits is considerable.  In interviews and informal 
discussions, most stakeholders willingly admitted that they “just don’t know,” even though some 
might want to proceed because restoration efforts to date have not been successful.  The 
proposed action clearly represents a new approach to oyster restoration, and all stakeholder 
groups recognize that.  Many stakeholders expressed caution mixed with hope that the proposed 
action could work.  Finally, a widely shared expectation among stakeholders expressed in 
interviews is that scientific results should guide decision-makers’ thinking about whether and 
how to proceed with this alternative.   
 
4.6.1.2 Alternative 1:  No Action 
 


Section 4.1.2 describes current restoration programs that would continue under 
Alternative 1 and predicts continued Bay-wide decline in total oyster abundance, but with some 
local increases in low-salinity areas in Maryland, particularly on seeded bars where harvest is 
excluded. 


 
Watermen – Under current regulations, 76% (n=285) of watermen who held an oyster 


license and reported a harvest over the last 5 years harvested oysters during the 2006 season 
(Table 3.3 in Appendix E1).  Watermen who reported a harvest over the last 5 years averaged 
about 51 years of age and have “worked the water” commercially for about 30 years (Figures 3.1 
and 3.2 in Appendix E1).  The average age and number of years working as a commercial 
fisherman were not significantly different between watermen from Maryland and those from 
Virginia.  Sixty-six percent (n=186) of the watermen who reported a harvest during the 2006 
season reported working between 4 and 5 days a week.  Another 23% (n= 65) worked an average 
of 3 days a week (Table 3.4 in Appendix E1).  In the 2007 survey, the median daily harvest for 
watermen who harvested oysters during the 2006 season (n=285) was 10 bushels.  Interviews 
and observations of watermen from Maryland’s lower Eastern Shore indicated a dockside value 
of $30 to $45 per bushel. 32 


 
The contribution of harvested oysters to a commercial waterman’s income varied.  About 


45% (n=148) of watermen who harvested oysters over the last 5 years reported that oysters 
contributed 31% or more of their commercial income (Figure 3.3 in Appendix E1). About 30% 
(n=95) of the watermen reported that oyster income represented less than 10% of their 
commercial fishing income.  Approximately 25% (n=83) of watermen who harvested oysters last 
year reported between 11% and 30% contribution to their commercial fishing income (Figure 3.3 
in Appendix E1).  


 
                                                 
 
32 This price is significantly higher than the minimum economically feasible price of about $20 discussed in Section 
4.6.2, suggesting that demand currently exceeds supply. 
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In response to the 2007 survey question about what they would do if oyster harvests do 
not improve, approximately 60% (n=192) of watermen responded that they would continue 
harvesting indefinitely even without improvement in the number of oysters available.  Almost 
38% (n=72) of the watermen who would continue harvesting oysters indefinitely reported 
earning 40% or more of their fishing income from oystering (Table 3.5 in Appendix E1).  Almost 
24% (n=76) of watermen responded that they would stop oystering next season if harvests do not 
improve.  Fifty-five percent (n=42) of the watermen who said they would stop harvesting earned 
10% or less of their fishing income from oystering (Table 3.5 in Appendix E1).  These findings 
suggest that those earning the least from oystering are the most likely to leave the fishery if 
harvests do not improve.  There were no significant differences in age or years of experience 
(within 5 years) among watermen who would leave the fishery next season and those who would 
continue indefinitely.  The income earned from part-time oystering is important to watermen 
during late fall and early winter, when few other earning opportunities are available to them 
(NRC 2004; Chapter 2 in Appendix E1). 


 
Growers and Processors – All growers who responded to the 2007 survey had grown 


oysters during the previous three years at a variety of scales.  The growers who participated 
reflected the variations in oyster aquaculture between the states; 76% (n=22) of respondents were 
growers in Virginia, and 24% (n=7) in Maryland.  Approximately 30% (n=7) had owned or 
operated their businesses for 5 years or less. Another 38% (n=9) had been in business for more 
than 16 years (Table 3.6 in Appendix E1).  The long-term owners had diversified operations, 
either in processing (all but one of the long-term growers served the shucked market), in growing 
other shellfish (e.g., clams), or in selling seafood. Based on the 2007 survey, most respondents’ 
(82%; n=24) had growing operations that supported 1 full-time job or less, and 78% (n=23) 
supported 3 or fewer part-time positions.   
 


In the 2007 survey, 59% (n=178) of growers believed that the native oyster can be 
restored, although in interviews growers shared others’ frustration with the lack of success to 
date.  As one grower suggested, “Maryland and Virginia’s public success rates have been 
impacted by their approaches.  The public effort has been disappointing, but that doesn’t mean 
C. virginica can’t thrive in the estuary.”  That many growers and other stakeholders believe that 
restoring the abundance of the native oyster is possible is a cultural fact:  stakeholders believe it 
sincerely based on their professional experiences with oysters.  Stakeholder groups’ definitions 
of the scale and time frame for successful oyster restoration vary (Appendix E3), even if they are 
clear on the overall goals of oyster restoration (Figure 4-15).  


 
In the 2007 survey, 82% (n=312) of processors and shippers were confident that the 


native oyster can be restored.  Despite this positive outlook, shippers and processors share the 
growing frustration with the lack of large-scale successful restoration to date.  In interviews and 
during participant observations, researchers heard statements such as, “We’ve been doing things 
for years.  I can’t believe people who say enough work hasn’t been done.  Every time a new 
group gets involved, it’s as if we have to start all over again,” and “I’ve done restoration for 
years and it hasn’t made a difference.” 


 
Scientists and Environmentalists – In the 2007 survey, 87% (n=256) of scientists and 


98% (n=413) of environmentalists reported that they felt that restoration of the native oyster is 
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possible. In interviews, scientists and environmentalists, like other stakeholders, did not feel that 
current oyster restoration strategies will accomplish ecological, economic, or community goals.  


 
Oyster Community Consequences – All stakeholder groups concurred that oyster 


restoration as currently practiced has not worked and needs to be changed.  Stakeholders’ ideas 
about appropriate changes in restoration strategy and the effects of those changes vary to some 
degree and are discussed further for the remaining alternatives.  Watermen are the stakeholders 
most clearly affected by a status quo approach to oyster restoration, and approximately a quarter 
of watermen surveyed reported that they would leave the fishery.  Many of the watermen 
interviewed expressed feeling a psychological and emotional burden (paraphrased) stemming 
from the effect of the continued low abundance of oysters on their sense of identity as providers 
for their families and working members of their communities.   


 
Cultural Model of Oyster Restoration – Alternative 1 is highly unlikely to achieve the 


objective of the cultural model of restoring oysters for multiple goals.  A continued, slow decline 
would be expected in the ability of the oyster population to fulfill the ecological, economic, and 
cultural/community roles valued by all groups of stakeholders. 
 
4.6.1.3 Alternative 2:  Enhance Restoration  


 
Section 4.1.3 describes the enhanced restoration program.  Under this alternative, a Bay-


wide increase in the oyster population greater than for Alternative 1 would be likely, but the 
greatest increase would be in low-salinity areas in Maryland.  Those increases would be greatest 
on bars closed to harvest.  Significant increases, albeit from a small starting population, might 
also occur in other state/salinity zones.   


 
Watermen – In the 2004 survey, 72% (n=66) of watermen said they believed that 


restoring the abundance of the native oyster is possible.  This confidence did not translate into a 
willingness to increase their harvest efforts if actions to restore the native oyster are targeted 
primarily on reserves and sanctuaries.  In the 2007 survey, watermen were asked if they would 
increase their harvesting effort, decrease it, or keep it the same if native oyster restoration is 
targeted to reserves and sanctuaries.  Sixty-seven percent (n=238) reported that they would not 
change their oyster harvesting effort (Table 5.13 in Appendix E1). Only 19% (n=68) said that 
they would go oystering more (Table 5.13 in Appendix E1). Interviews with watermen helped to 
account for those results.  First, oyster restoration on reserves and sanctuaries would not result in 
sufficient numbers of harvestable oysters to warrant an increased effort.  Over the last three 
years, the oysters harvested from reserves have accounted for an average of only about 2% of the 
total oyster harvest (DNR 2008). This percentage might increase under Alternative 2 because of 
the increase in reserves, but the magnitude of the potential increase cannot be estimated.  Second, 
most of the spat planting proposed in Alternative 2 (all for Alternative 2a) would occur in low- 
salinity areas.  Most Chesapeake Bay watermen who reported an oyster harvest in the last five 
years live closer to areas of middle and high salinity (Figure 4-16).  For most watermen, 
accessing any harvestable oysters made available through expanded plantings on reserves and 
sanctuaries would involve significant time and expense for fuel and labor.  Interviews with 
watermen confirmed that traveling to low-salinity areas to harvest small amounts of oysters from 
reserves would not be profitable. In interviews, most watermen consistently expressed a 
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preference for native oyster restoration to be focused on existing harvestable beds throughout the 
Bay and to include shell repletion, but in the 2007 survey they also recognized the importance of 
restoration for ecological goals.   


 
Figure 4-16. Number of registered watermen by zip code and salinity zones; salinity zones are 


as specified for Chesapeake Bay water quality modeling. 
 
Growers and Processors – Oyster growers did not perceive a potential for any significant 


negative effects of Alternative 2.  When asked in the 2007 survey whether their business might 
increase, decrease, or remain the same as a result of expanding native oyster restoration primarily 
in reserves and sanctuaries, 46% (n=13) thought their business might increase, and 43% (n=12) 
thought their business would not be affected (Table 5.14 in Appendix E1).  Asked the same 
question, 60% (n=24) of shellfish processors reported an anticipated increase in business, and 
25% (n=10) reported no anticipated change in business (Table 5.15 in Appendix E1).  Based on 
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interviews and participant observations, most growers and processors generally believed that a 
self-sustaining and, ideally, growing native oyster population on sanctuaries and reserves would 
be an indirect positive for the oyster industry, even if  that population did not produce significant 
increases in oysters for the market. 


 
Scientists and Environmentalists – In the 2004 survey, 87% (n=28) of scientists and 


98% (n=31) of environmentalists believed that native oyster restoration is possible.  In inter-
views, scientists and environmentalists conceptualized native oyster restoration as local efforts to 
restore native oysters; they expressed the belief that restoring native oysters at the scale of the 
entire Chesapeake Bay is unlikely, given the multitude of environmental conditions.  Seventy-
three percent (n=22) of the scientists in the second survey (2007) believed a large to medium 
amount of research would be needed to support native oyster restoration; 73% (n=22) also 
believed that current research funding levels are inadequate to support the additional research 
needed (Tables 5.16 and 5.17 in Appendix E1).  Eighty-one percent (n=34) of environmentalists 
believed that expanded native oyster restoration on reserves and sanctuaries would be very 
important for reducing pollution and revitalizing natural systems in the Chesapeake Bay (Table 
5.18 in Appendix E1). 


 
Oyster Community Consequences – Alternative 2 would not significantly increase 


benefits to oyster stakeholders.  Some local successes, particularly in areas surrounding 
sanctuaries and reserves, might produce small increases in oysters available for watermen to 
harvest and for processors to market.  Such local successes might also produce local ecological 
improvements.  Although Alternative 2 could produce some economic, ecological, and com-
munity benefits, the scale of these benefits would be very small compared to the stakeholders’ 
dependence upon and interest in restoring the native oyster population.  


 
Cultural Model of Oyster Restoration – Alternative 2 is highly unlikely to achieve the 


objective of restoring oysters for multiple goals for most oyster stakeholders.  Local successes, 
defined in the cultural model as integrated ecological, economic, and cultural benefits, are 
possible; however, these successes would most likely be driven by spatial (low-salinity areas) 
and historical (which harvesters reside near reserves) factors that have limited application for 
other areas of the Bay.  Alternative 2 might accomplish the objective of restoring oysters for 
multiple goals for a few stakeholders in a few areas. 
 
4.6.1.4 Alternative 3:  Harvest Moratorium   
 


Alternative 3 involves implementing a temporary moratorium on harvesting native 
oysters and providing a compensation (buy-out) program for the oyster industry in Maryland and 
Virginia, or a program that offers displaced watermen on-water work in a restoration program.  
Restoration efforts under this alternative would be identical to those for Alternative 1, with the 
possibility of some increases in oyster abundance, particularly in low-salinity areas in Maryland 
(Section 4.1.4).   


 
Watermen – In the 2007 survey, 42% (n=148) of watermen reported that it would be very 


difficult to return to harvesting oysters after a 2- to 3-year moratorium, and another 31% (n=111) 
reported that it would be somewhat difficult to difficult to return to the fishery.  Only 27% 
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(n=96) believed that it would not be at all difficult to return to oystering after a 2- to 3-year 
moratorium (Table 5.37 in Appendix E1).  When asked the same question about returning to 
oystering after a moratorium of 7 years or longer, 67% (n=233) of watermen reported that 
returning would be very difficult; 15% responded that returning would be somewhat difficult to 
difficult.  Only 18% (n=62) of watermen reported that it would not be at all difficult to return to 
oystering after a moratorium of 7 years or longer (Table 5.38 in Appendix E1).  Comparing the 
moratorium periods proposed in the questions (i.e., 2 - 3 years and 7+ years), 25% more 
watermen indicated that returning to the fishery would be very difficult after the longer 
moratorium, and about 10% fewer watermen reported no expected difficultly with returning to 
the fishery after a moratorium of 7 years or more.  In the 2007 survey, 57% (n=207) of watermen 
reported that they would not sell their licenses or future rights to harvest oysters (i.e., to a 
compensation program); 43 % (n=154) of watermen indicated that they would be willing to sell 
their licenses/rights to harvest oysters if the compensation were fair.  During interviews, water-
men suggested a wide range of definitions of fair compensation for their licenses.  The 
definitions varied according to how long an individual had worked in the fishery, his current 
level of dependence on income from oystering, and the strength and value of his sense of identity 
as a waterman, which for many is a source of pride, accomplishment, and contribution 
(providing people with seafood). 


  
The harvest moratorium has the greatest potential among the alternatives to negatively 


affect the ability of watermen to continue in the fishery.  The survey samples included only 
watermen who have purchased oyster-gear licenses, reported harvests, or both during the last 
five years.  Many more Maryland watermen who hold Tidal Fish licenses could pay the oyster 
surcharge to re-enter the oyster fishery in any future year and, therefore, could be affected by a 
moratorium. 


  
Growers and Processors – In the 2007 survey, oyster growers were asked if they would 


expect their business to increase, decrease, or remain the same in response to a harvest 
moratorium.  Fifty-four percent (n=15) believed that their business would decrease.  Thirteen of 
the 15 growers surveyed were in Virginia.  Some of these growers also purchase wild-caught 
oysters.  About 39% (n=11) believed that their business would increase (Table 5.39 in 
Appendix E1).  Those who anticipated an increase in business in response to a harvest 
moratorium may have anticipated reduced competition, increased opportunities for cultivated 
oysters in markets currently served by wild harvests, or both (Table 5.39 in Appendix E1). 


 
Processors and shippers are very likely to be negatively affected by a harvest moratorium. 


The duration and scope of the moratorium would determine the magnitude of the effect. 
Approximately 81% (n=30) believed that a moratorium on harvesting oysters would hurt their 
businesses (Table 5.40 in Appendix E1).  Approximately 63% (n=23) of the processors and 
shippers surveyed during 2007 rely on the wild harvest to produce 50% or more of the 
Chesapeake oysters they handle.  


 
Scientists and Environmentalists – The questions posed to scientists and environmen-


talists focused on harvest reductions to accomplish oyster restoration goals, not explicitly on a 
moratorium.  Our interview data suggest that most scientists and environmentalists believe that 
ecological goals can be accomplished without a complete harvest moratorium.  In the 2007 
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survey, 97% (n= 28) of scientists and 86% (n= 36) of environmentalists believed that reducing 
commercial harvest is necessary to restore oysters successfully.  In interviews, several scientists 
and environmentalists raised concerns about the ability of native populations to develop 
resistance to MSX and Dermo naturally if harvesting removes oysters that have survived the 
diseases before they can reproduce (i.e., contribute their genetic advantage to the population).  
Seventy-five percent (n=21) of scientists do not feel that economic factors should be considered 
in determining how much to reduce harvests (Table 5.41 in Appendix E1).  Sixty-one percent 
(n=25) of environmentalists felt that economic factors should be considered in setting harvest-
reduction levels (Table 5.42 in Appendix E1). Some environmentalists exhibited empathy and 
appreciation for the value of watermen. As one informant said, “… loss of harvest totally from 
this culture is a degree of disconnection from our natural resources. Connections like that 
motivate people to care, to change their behavior with sustainable alternatives.”    


 
Recreational Fishers and Restaurant Owners – In the 2007 survey, recreational 


fishermen also were asked about harvest reductions, not directly about a harvest moratorium.  
Eighty-eight percent (n=130) of recreational fishers believed that reducing the commercial 
harvest is necessary to accomplish oyster restoration goals.  Forty-two percent (n=62) thought 
that economic factors should influence how much commercial harvest is reduced (Appendix E1).   
Interestingly, 89% (n=132) would not expect to change the way they fish for oysters as a result 
of a moratorium on the commercial oyster harvest.  Eighty-one percent (n=13) of seafood 
restaurant owners reported believing that their customers would be willing to pay more for 
oysters to support a harvest moratorium that aims to restore oyster populations (Table 5.43 in 
Appendix E1). 


 
Oyster Community Consequences – A harvest moratorium would have some potentially 


widespread negative consequences for some oyster stakeholders.  Many watermen would not 
return to the fishery after a moratorium of even a few years, and about half of the growers and a 
little more then two-thirds of processors did not think their businesses would improve. Scientists, 
environmentalists, recreational fishers, and restaurant owners all indicated support for reducing 
harvests of oysters to accomplish oyster restoration goals. 


 
Cultural Model of Oyster Restoration – Implementing a harvest moratorium would not 


achieve the multiple benefits anticipated to result from oyster restoration.  Oyster populations 
would increase less than for Alternatives 1 or 2 (Section 4.1.4), significant numbers of watermen 
would leave the fishery, and business would not increase for most growers and processors.  All 
three benefits of oyster restoration (ecological, economic, and cultural) would decrease.  These 
results contradict the perception that an oyster moratorium would affect only watermen.      
  
4.6.1.5 Alternative 4:  Cultivate Eastern Oysters 


 
The maximum level of production of oysters estimated to be economically viable is 


3.2 million bushels, including oysters cultivated for the half-shell and shucked markets and wild-
caught oysters (Section 4.1.5).  Plausible locations for expanded aquaculture operations were 
identified based on past aquaculture or oystering history (Figure 4-3).  An industry of the 
maximum viable would produce approximately 2.8 times the current number of market-size 
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oysters in the Bay; however, an industry of that size is unlikely to develop within the 10-year 
assessment period defined for the PEIS. 


 
Watermen – In the 2007 survey, 71% (n=252) of watermen reported that they would not 


change their harvesting effort if the native oyster aquaculture industry expands (Table 5.22 in 
Appendix E1).  In the same survey, watermen reported mixed views about whether expanded 
cultivation of the native oyster would hurt the market for wild-caught oysters:  30% (n=112) 
thought that effects would be both positive and negative; 26% (n=94) felt that effects would be 
negative; 23% (n=84) thought that effects would be positive; and 21% (n=78) anticipated no 
effects (Table 5.20 in Appendix E1).  Nearly 57% (n=203) of watermen surveyed in 2007 
reported that they would consider getting involved in cultivating native oysters; however, in 
interviews watermen expressed considerable anxiety about the costs and risks (e.g., theft, lack of 
market, lack of private bottom) associated with starting a “grower” business.  Several watermen 
expressed interest in exploring the feasibility of entering the aquaculture industry, despite the 
risks.  In major oyster production areas, such as the state of Washington, the oyster industry has 
evolved to the degree that all oysters are produced through aquaculture and there is no wild 
harvest.   


 
The potential for expanded aquaculture to affect watermen depends to some extent on the 


relative geographic distributions of potential aquaculture locations and the current residences of 
watermen.  Figure 4-16 plots the current residences of watermen by zip code along with the nine 
possible sites for expanded aquaculture identified for the aquaculture assessment scenario 
(Appendix C).  The aquaculture sites in the figure are conceptual and were identified to provide a 
scenario that could be used to characterize the effects of the two aquaculture alternatives.  Figure 
4-17 shows the greatest density of commercial watermen, some of whom are likely to be 
interested in entering the aquaculture industry, on the Eastern Shore; however, only one of the 
possible aquaculture sites is located on Maryland’s Eastern Shore, in the Nanticoke River. 
Section 4.1.5 suggests that some of the most profitable techniques for cultivating the native 
oyster would be off-bottom cages and floats, which require more labor (and capital) than 
traditional on-bottom cultivation.  Watermen that live far away from potential sites for aqua-
culture would not be able to provide sufficient monitoring of these more intensive operations.  


 
Growers and Processors – In the 2007 survey, 60% (n=16) of growers and processors 


believed that their business would increase as the result of expanded aquaculture (Table 5.24 in 
Appendix E1).  Presumably any State investment in the aquaculture industry would provide 
direct and indirect benefits to their existing operations; however, the aquaculture assessment 
scenario does not include any speculations about public funding to support expansion of the 
industry. Thirty-seven percent (n=10) of the growers surveyed in 2007 did not feel that they 
would benefit from State-expanded aquaculture.  Information from interviews suggests that these 
growers are already growing and selling at a desirable level and are wary of the economic 
consequences of expanding operations.  That concern appears to be valid, based on results of the 
economic demand modeling presented in Section 4.6.2. 
 


In the 2007 survey, approximately 55% (n= 22) of shellfish processors believed that they 
would benefit from expanded native aquaculture.  Another 35% (n=14) expected no effect on 
their business (Table 5.26 in Appendix E1).  Those who expect to benefit may believe that 
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expanded aquaculture would provide them with additional sources and a greater volume of 
product.  


 


 
Figure 4-17. Representative sites for expanded oyster aquaculture (Appendix C) and residence 


of watermen 
 


Scientists and Environmentalists – Approximately 57% of scientists believed that a 
medium amount of research would be needed to support science-based restoration through native 
aquaculture; about 30% (n=10) believed that only a small amount of additional research would 
be needed (Table 5.30 in Appendix E1).  “Restoration” here means increasing the numbers of 
oysters that might be present in the Bay, not necessarily increasing the wild oyster stock.  
Environmentalists strongly supported cultivating the native oyster as a means to reduce pollution 
and revitalize ecosystems.  Sixty-seven percent (n=29) of environmentalists rated native oyster 
aquaculture as very important to reducing pollution and improving ecosystem function in 
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Chesapeake Bay (Table 5.28 in Appendix E1).  Another 28% (n=12) believed that native oyster 
aquaculture would be somewhat important to achieving these ecological goals (Table 5.28 in 
Appendix E1). 


 
Oyster Community Consequences – Expanding aquaculture of the native oyster is of 


interest to all oyster stakeholders, who see possible economic, local ecological, and community 
benefits.  Most watermen would not change their level of harvesting of wild oysters as the result 
of expanded aquaculture. Most watermen would be interested in exploring the feasibility of 
entering the aquaculture industry, but the optimal locations for expanded aquaculture operations 
could limit the number of watermen who would participate.  Growers and processors supported 
the idea of expanding cultivation of the native oyster.   


 
Cultural Model of Oyster Restoration – Expanding aquaculture of the native oyster as 


proposed would not accomplish the goals of the cultural model of oyster restoration.  The 
ecological benefits that might accrue would be local and would depend on private enterprise 
decision-making.  Watermen would not be able to participate without consideration of their 
economic constraints.  Implementing Alternative 4 might provide the economic benefits of 
restoration, but those benefits would be realized directly only among private-sector growers and 
processors, not among other stakeholders.  Alternative 4 is inconsistent with the stakeholders’ 
goal to have a sustainable population of oysters in Chesapeake Bay because the aquaculture 
industry would be based on hatchery-raised spat (Section 4.1.4).  Alternative 4 would not satisfy 
any stakeholders’ explicit and implicit expectations of restoration of “public” oysters.  
 
4.6.1.6 Alternative 5:  Cultivate a Nonnative Oyster 
 


The only difference between this alternative and Alternative 4 is that triploid Suminoe 
oysters are assumed to be the only cultivated nonnative species  (Section 4.1.6)  Triploid 
Suminoe oysters grow faster than either diploid or triploid Eastern oysters.  Because triploid 
Suminoe oysters reach market size in less than a year, less effort and infrastructure would be 
required to produce the maximum industry.  Triploid Suminoe oysters, however, probably would 
have to be cultivated in off-bottom cages or bags, which cost more and require more mainte-
nance than unconfined, on-bottom methods.  An industry of the estimated maximum size would 
produce approximately 2.8 times the current number of market-size oysters in the Bay; however, 
an industry of that size based solely on triploid Suminoe oysters would be unlikely to develop 
within the 10-year assessment period for the PEIS (Section 4.1.6). 


 
Watermen – In the 2007 survey, 65% (n=228) of watermen reported that they would not 


change their harvesting if nonnative oysters are cultivated in Chesapeake Bay (Table 5.23 in 
Appendix E1).  In the same survey, watermen reported mixed views about whether cultivating 
nonnative oysters would affect the market for wild-harvested oysters: 34% (n=125) felt that 
effects would be negative; 31% (n=113) thought that effects would be both positive and 
negative; 19% (n=70) thought that effects would be positive; and 16% (n=60) anticipated no 
effects (Table 5.21 in Appendix E1).  These views are similar to those expressed for Alternative 
4 (i.e., about 8% more watermen anticipated a negative effect, and about 5% fewer anticipated 
no effect).  According to the 2007 survey, 51% (n=175) of watermen would not consider raising 
nonnative oysters in aquaculture, and 49 % (n=182) would consider it. 
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Growers and Processors – Growers’ outlook on implementing State-assisted, managed, 
or regulated aquaculture of a nonnative oyster was more equivocal than their position on 
expanding native aquaculture.  Forty-two percent (n=11) of growers believed that cultivation of a 
nonnative oyster would decrease their business; 35% (n=9) felt that such an initiative would 
increase their business (Table 5.25 in Appendix E1).  Growers who expected to benefit from 
nonnative aquaculture probably are considering growing Suminoe oysters (to add to their 
existing operations) or have diversified or integrated businesses that include components that 
could benefit from increased supply. 


 
Among processors and shippers, 36% (n=14) believed that cultivating nonnative oysters 


in Chesapeake Bay would have both positive and negative effects on their business; 33% (n=13) 
believed that nonnative aquaculture would result in a decrease in business; 31% (n=12) believed 
it would increase their business.  These results suggest considerable uncertainty among 
processors about whether large-scale cultivation of a nonnative oyster would be good for their 
businesses.  The uncertainty could be due to differences in the scales and kinds of operations 
among the surveyed processors. 


 
Scientists and Environmentalists – Forty-three percent (n=13) of scientists believed that 


a large amount of research would be needed to support the development of an aquaculture 
industry using a nonnative oyster, including studies on growth, habitat conditions, and biological 
risks; and 37% (n=11) believed that a medium amount would be needed (Table 5.32 in 
Appendix E1).  Fifty-seven percent (n=17) of scientists felt that such research would require 
more funding than is currently available (Table 5.33 in Appendix E1).   


 
Environmentalists are less convinced that nonnative aquaculture would contribute to 


reducing pollution.  Forty-nine percent (n=20) believed that cultivating nonnative oysters would 
not be important in addressing the Bay’s pollution problems and ecological needs; another 42% 
(n=17) responded that such aquaculture would be only somewhat important in reducing pollution 
and providing other ecological services (Table 5.29 in Appendix E1).  


 
Oyster Community Consequences – The consequences for the oyster community of 


encouraging cultivation of a nonnative oyster are similar to those for expanding cultivation of the 
native oyster; however, the level of uncertainty and the perceived risks associated with 
cultivation of a nonnative oyster are greater than for native aquaculture.  Also, the dependence 
on hatchery-raised triploid oyster spat and the need for biosecurity make Alternative 5 a more 
costly and intensive form of aquaculture, which would present additional challenges for 
watermen who might be interested in entering the industry, unless technical and financial support 
were provided.  The faster growth and better survival of triploid Suminoe oysters could result in 
increased profits for growers and processors.  The scientific community recognized continued 
need for more information, and the environmental community was less optimistic about local 
environmental benefits.  


 
Cultural Model of Oyster Restoration – Cultivation of nonnative oysters as proposed 


would not accomplish the goals of the cultural model of oyster restoration:  ecological benefits 
that might accrue would be local, private benefits would exceed public benefits, and the location 
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and technological requirements may make participation in the industry very difficult for 
watermen.   
 
4.6.1.7 Alternative 8:  Combination of Alternatives 
 


Cultural and socioeconomic research used in this document focused on the proposed 
action and alternatives individually.  The research did not include considering combinations of 
alternatives because they had not been defined when the research was undertaken.  Although the 
study results provide some insight into the potential cultural and socioeconomic effects of the 
three combinations of alternatives, the existing survey results  provide no basis for evaluating 
each of the combinations in detail. Public comments on the Draft PEIS clearly illustrated how 
stakeholders viewed the combinations (Section 5.2.5). 
 


4.6.2 Economic Effects 
 
Economics analyses were conducted to identify implementation costs associated with the 


proposed action and the alternatives as nearly as possible and to estimate the size and nature of 
the oyster harvesting industry, including both aquaculture and the public fishery, that might 
emerge following implementation. The results presented here draw on reports of economic 
analyses prepared to provide supporting material for the PEIS (Appendices D1 and D3), 
corresponding peer review comments relevant to those reports (Anderson et al. 2007; Anderson 
pers. comm.), a manuscript by Dedah et al. (2007), and additional analyses conducted after 
Appendix D was prepared.  Simple and logical approaches were developed based on existing 
data and studies, and results reflect the large uncertainties involved in making these kinds of 
predictions.    


 
The predictions that follow are based on historical data and industry relationships; 


departure from those patterns in the future could lead to outcomes that are markedly different 
than those predicted here.  The following factors could result in the value of the oyster harvest 
being greater than predicted here: 


 
• A greater share of future Chesapeake oyster production could be sold in the more 


lucrative half-shell market. 


• The output of other major oyster-producing regions could decline, as occurred in the 
Gulf of Mexico as a result of hurricanes in 2005. 


• The oyster industry could engage in effective marketing and retailing that increases 
the demand for oysters and expands the market.  Evidence from observing the 
development of other aquaculture industries such as salmon, catfish, and tilapia 
demonstrate this phenomenon of market expansion once a product is established in 
the marketplace. 


• Technological advances in oyster production could significantly lower production 
costs, allowing more oysters to be produced and sold at a given price.  Improved 
hatchery production and selective breeding are two areas that can lead to significantly 
lower costs. 
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Other factors could result in the value being lower than predicted here:   
 


• Awareness of and concern about food-borne illnesses associated with oysters could 
increase. 


• Construction of market infrastructure, particularly new or expanded shucking houses, 
could be limited by competing uses of near shore land. 


• Labor limitations could limit expansion of the processing sector (e.g., blue-crab 
processors have uncertainties regarding the continued use of H2-B visa laborers). 


• Other regions could increase their production levels. 


• Imports could become a greater factor. 


• The production of competing products such as mussels and hard clams could expand, 
which might decrease the demand for oysters. 


 
All of these factors, both positive and negative, would affect prices expected to result from any 
of the alternatives because they would influence the general market for oysters. 
 


A simple, reduced-form, inverse demand model was estimated using data from 1975-
2006 to determine the price flexibility of Chesapeake Bay oyster production.  Price estimates 
were obtained from the model for different levels of Chesapeake Bay production assuming that 
other oyster producing regions of the United States maintain production at average levels for 
2002 through 2006.  The model was developed using only total harvest quantity and average 
price data because no more detailed information about the composition of the Chesapeake Bay 
oyster market was consistently available over the time period of analysis.  These analyses 
illustrate that significant increases in oyster production in Chesapeake Bay resulting from any of 
the alternatives, regardless of origin (i.e., wild or cultivated), would lead to lower prices in the 
region, as explained in 2 (Figure 4-18).  Analysis of historical data suggested that a minimum 
economically viable price is about $20 a bushel (expressed in 2006 dollars), which translates into 
a maximum economically viable annual oyster production in the Chesapeake Bay of about 2.6 
million bushels, with 95% confidence limits, holding the other producing regions at their 2002-
2006 average, of 1.7 to 5.4 million.  This analysis implies that the PEIS goal to reestablish an 
oyster population in the Bay that could biologically sustain an oyster fishery of 5 million bushels 
annually is not economically viable (i.e., in Figure 4-18, the price per bushel at that level of 
production would decline to about $10 and be lower than the cost of production).  This finding is 
interpreted to mean a market for oysters of the size that existed between 1920 and 1970 period 
no longer exists.  The following analyses assume an annual production of 2.6 million as a 
benchmark for comparing the alternatives.  The half-shell market was assumed to constitute 30% 
of the total market, by volume.  The value of the half-shell product is much greater than the value 
of the shucked product; therefore, deviations from the assumed proportion of the half-shell 
market could substantially alter the conclusions drawn from the assessments. 
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Figure 4-18. Oyster demand showing bushel prices versus bushels harvested.  Dashed lines 
represent 95% confidence limits for Chesapeake Bay production when all other 
factors effecting price are held at their 2002-2006 average (Figure 1 of 
Appendix D2, p.6). 


 
Predicting the mix of firms and technologies that might arise to produce oysters to meet 


this demand is challenging, and all of the following predictions have a very great level of 
associated uncertainty.  Several factors contribute to the uncertainty: 
 


• Oyster production, particularly in the public fishery, is highly regulated through limits 
on gear and harvest.  These limits often prevent firms (i.e., watermen) from operating 
at levels that would minimize production costs.   


• Harvesters are not identical in the gear they use or in their skill in employing the gear.  


• Private aquaculture production has an entirely different cost structure than the public 
fishery, and private aquaculture firms use a variety of techniques (e.g., on-bottom, 
floats, off bottom cages) with varying levels of success.   


 
The variety of available oyster-production techniques combined with the lack of systematic 
collection of data on costs and returns for each technique makes determining the structure of an 
industry that might emerge from an enhanced oyster population extremely difficult.  Other 
important data that were not available for these analyses were capital and operation costs and the 
increase in production cost for spat grown in biosecure hatcheries versus similar non-secure 
hatcheries.  Analysis of those factors was beyond the scope of this PEIS and the time frame 
available for producing it but could be generated in later studies that might be needed to support 
implementation of a preferred alternative.  Biosecure hatcheries would be required for 
production of the triploid nonnative spat to be used for Alternative 5.  The following discussion 
summarizes how these factors might affect the structure of the industry and how they were 
accounted for in the economic analyses; more detail is available in Appendix D. 


  
A 10-year time horizon was used throughout the economic analyses, primarily because 


population modeling for that time period was intended for use in some of the calculations.  
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Moreover, the 10-year period is a reasonable constraint on this analysis on its own merit because 
economic forecasts beyond 10 years would require an implicit assumption of stability in the 
economic components of the analysis that would be difficult to justify.  Continued globalization 
in oyster markets, technological change in oyster production, new post-harvest technologies, and 
other factors that are difficult to foresee would greatly limit our confidence in predictions beyond 
these time limits. 


 
The original intention of this economic analysis of the proposed action and alternatives 


was to present results in four parts:  (1) implementation cost (considering only public costs), 
(2) fishery benefits, (3) processor/consumer benefits, and (4) indirect benefits.  Since preparation 
of Appendix D, limitations of the modeling outputs that were anticipated for use in this analysis 
were determined to be of such significance as to warrant revising the overall approach.  No 
quantitative projection of potential economic benefits is presented for the Proposed Action, and 
the projection of benefits for Alternative 1 were derived based on recent fishery data rather than 
modeling output.  Benefits for Alternatives 2 and 3 were then considered to increase or decrease 
in proportion to the extent to which oyster abundance would be expected to increase or decrease 
under those  alternatives.   
 
4.6.2.1 Proposed Action:  Introduce the Suminoe Oyster and Continue Efforts to Restore the 


Eastern Oyster 
 


Implementation Costs – The proposed action involves introducing the Suminoe oyster 
and continuing current restoration programs.  The details of costs for current restoration pro-
grams and how they were estimated are described under Alternative 1 (Section 4.6.2.2).  Details 
of the representative plan for introducing the Suminoe oyster used in exploratory modeling 
documented in Appendix A are presented in Section 4.1.1.  Section 4.1.1 noted that production 
of the required numbers of Suminoe oyster spat would require dedication of the entire capacity 
of the University of Maryland’s hatchery at Horn Point, or construction of additional hatcheries 
with similar production capacity.  The cost of any additional hatchery operations that might be 
required is subsumed in the price-per-spat cost.  Taking these limitations into account, the total 
cost of implementing the proposed action is $257.1 million net present value (Table 4-16).  
 
Table 4-16. Estimated 10-year present value (4.625% discount rate) of costs to implement the 


proposed action ($millions). 
 Habitat Spat Monitoring & Management Overhead TOTAL 


MD $27.0 $97.2 $20.7 $17.4 $162.3 
VA $48.4 $17.2 $10.4 $9.1 $85.1 
PRFC $2.8 $4.2 $1.6 $1.0 $9.7 
TOTAL $78.2 $118.6 $32.8 $27.6 $257.1 
 


Fishery Benefits – Several factors precluded estimation of the harvest benefits of the 
proposed action, including the lack of a quantitative projection of the size of a population of 
diploid Suminoe oysters that might result from an introduction, the inability to predict where and 
how quickly Suminoe oysters might become established in harvestable areas, and the inability to 
predict the rate of exploitation of Suminoe oysters in those harvestable areas (Section 4.1.1).  
According to the representative implementation plan for an intentional introduction described in 
Table 4-2, Suminoe oyster spat initially would be planted only on sanctuary bars.  The species 
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would become subject to harvest only after the spat planted later on harvest bars reached legal 
size (3 inches) and the progeny of spat planted on sanctuary bars settled on harvestable bars and 
grew to legal size (i.e., planted spat reached sexual maturity and spawned; the resulting larvae 
settled on harvestable bars and survived to reach legal size).  Given that required chain of events, 
no significant harvest of Suminoe oysters would be possible for many years after initiating an 
introduction program, probably more than the 10 years used in these analyses.  If the Suminoe 
oyster were to become established and very abundant at some future time, that population might 
sustain large harvests with little or no additional implementation costs, thus yielding overall 
positive net benefits.  Section 4.6.2.6 discusses several factors that might limit the marketability 
of Suminoe oysters growing in Chesapeake Bay  and could constrain the value of Suminoe 
oyster harvests. The Suminoe oyster’s tendency to gape when out of water faster than the Eastern 
oyster does could adversely affect the economic value of mixed-species harvests.  Also, if the 
Suminoe oyster were to prevail over the Eastern oyster to the extent that the native oyster is 
designated threatened or endangered, that listing could result in restriction or prohibition of 
oyster harvests, thus eliminating fishery benefits totally. 


 
The failure of an introduction program to produce an established, self-sustaining 


population of Suminoe oysters throughout the Bay obviously would yield significant negative net 
benefits, given the estimated costs of implementing the proposed action.  Also, sustained large 
harvests would require fishery managers to adopt a management regime for oyster harvests to 
prevent economic overfishing and the resulting dissipation of positive net economic benefits for 
fishermen. 


 
Processor/Consumer Benefits – If the proposed introduction were successful and 


resulted in substantial oyster harvests, the benefits of local production of oysters for processors 
and consumers would be large compared with other alternatives.  Consumers in the region would 
be likely to benefit to the extent that lower prices due to increased oyster abundance were passed 
on to them.  If the introduction were unsuccessful, processors and consumers would experience 
no benefits beyond those expected under current programs, which are described in Section 
4.6.2.2. 


 
Indirect Benefits – Appendix D4 discusses the indirect economic benefits associated 


with the oyster resource, particularly the economic value of ecological services.  If the proposed 
introduction were successful, ecological services provided by the enhanced oyster population 
might improve water quality and habitat in ways that could contribute the following economic 
benefits: 
 


• support larger populations of other important commercial species in Chesapeake Bay 
(e.g., striped bass and blue crab), which could result in greater industry profits and 
consumer benefits related to those fisheries 


• support larger populations of recreational species that might contribute to economic 
benefits 


• improve water clarity, which could lead to increased values for other forms of 
recreation (e.g., swimming and boating) and increased values for waterfront property 
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• reduce the expenditures required for other management actions (e.g., agricultural best 
management practices for nutrient reduction) required to meet water quality goals for 
Chesapeake Bay  


 
Estimating the economic benefits related to the ecological services provided by oyster 


populations would require quantifying ecological changes related to increasing oyster 
populations.  Such changes could not be quantified; therefore, it is not possible to estimate these 
indirect economic benefits for each alternative.  The ERA (Section 3.4 of Appendix B) used a 
relative risk model to assess the relative positive and negative ecological influences of the 
proposed action and alternatives.  This information affords insights into possible increases or 
decreases in ecological services including the potential for improvement in the Bay’s water 
quality; however, the relative risk model does not predict the actual magnitudes of changes or 
risks, such as increases or decreases in the abundance of key species.  The ERA is useful only as 
a general guide for comparing the direction of change in potential indirect economic benefits 
among alternatives.   
 


The most likely indirect benefit of a successful introduction of the Suminoe oyster would 
be increased recreational fishing opportunity throughout Chesapeake Bay resulting from the 
greater availability of preferred fishing grounds and  the aggregating function of oyster reefs for 
fish populations.  According to data compiled for the Marine Recreational Fishery Statistics 
Survey,33 more than six million recreational fishing trips were taken in Chesapeake Bay in 2006.  
Improved recreational fishing due to restored oyster reefs could increase the average value of 
those fishing trips; however, the potential economic value of such an increase cannot be 
quantified.  An unsuccessful introduction would yield no indirect benefits. 
 
4.6.2.2 Alternative 1: No Action 
 


Implementation Costs – Alternative 1 assumes that current restoration and management 
programs would continue into the future.  Two approaches represent estimates for these costs.  
First, the efforts described in Section 4.1.2 are those for the year the PEIS was initiated (2004); 
therefore, the expenditure for that year served as one estimate.  A second estimate was derived 
from a more detailed description of habitat rehabilitation and seeding costs over multiple years 
(Appendix D).   


 
The oyster restoration programs in Maryland and Virginia are not static in policy or 


available funding.  Strategies have changed over time as information about the effectiveness of 
different restoration techniques became available and for a variety of other reasons.  The amount 
of funding from State and Federal sources and the manner in which it was spent has varied 
greatly from year to year (Table 4-17).  The reported State and Federal expenditures for oyster 
restoration in 2004 totaled about $7.2 million, which is reasonably representative of expenditures 
in most years.  These costs were assumed to be the same in each year of the 10-year time horizon 
for this analysis.   


 
 
                                                 
 
33 http://www.st.nmfs.noaa.gov/st1/recreational/queries/effort/effort_time_series.html 
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Table 4-17. Federal and State expenditures ($1,000 dollars, current) for oyster restoration by 
jurisdiction and placement on sanctuaries or harvest bars, 1994-2006. 


MD Potomac VA Combined 
Year Harvest Sanctuary Harvest Sanctuary Harvest Sanctuary Harvest Sanctuary
1994 $795 $0 $94 $0 $408 $353 $1,297 $353 
1995 $1,075 $0 $104 $0 $423 $245 $1,602 $245 
1996 $1,427 $0 $102 $0 $278 $246 $1,807 $246 
1997 $1,716 $0 $193 $0 $358 $416 $2,266 $416 
1998 $2,016 $177 $191 $0 $276 $300 $2,483 $477 
1999 $2,131 $187 $160 $0 $502 $390 $2,792 $577 
2000 $2,312 $456 $253 $0 $766 $1,030 $3,331 $1,486 
2001 $1,974 $270 $58 $0 $1,729 $665 $3,761 $935 
2002 $3,051 $1,792 $30 $0 $3,257 $1,737 $6,338 $3,529 
2003 $1,762 $1,665 $98 $0 $778 $475 $2,638 $2,140 
2004 $3,775 $1,064 $12 $0 $494 $1,808 $4,282 $2,871 
2005 $3,612 $1,532 $0 $0 $531 $705 $4,143 $2,236 
2006 $4,863 $2,036 $0 $0 $830 $1,043 $5,694 $3,079 


Source:  Maryland Department of Natural Resources 


 
The present-value equivalent of the 2004 expenditure of $7.2 million was obtained by 


applying the consumer price index available from the Bureau of Labor Statistics, resulting in a 
cost of $7.9 million in 2007 dollars.  Next, a real discount rate of 4.625% was applied, as 
specified by the Office of Management and Budget for projects of 10 years.  The present-value 
cost of implementing Alternative 1 based solely on reported State and Federal expenditures is 
estimated at approximately $62.1 million for the 10-year assessment period.  This analysis may 
underestimate the total cost associated with the restoration activities because it reflects only 
direct State and Federal appropriations for oyster restoration.  Extensive monitoring and 
management activities accompany these restoration efforts.  DNR and the PRFC estimated these 
annual expenditures at $1.7 million, and $0.5 million, respectively.  No estimate of the cost of 
monitoring and management was available for Virginia; therefore, Virginia’s costs were assumed 
to constitute the same percentage of restoration outlays as monitoring and management costs 
represented in Maryland and the Potomac (i.e., approximately 30% of the restoration costs, or 
about $0.8 million).  Available expenditure data did not include estimates of the opportunity 
costs associated with full-time State and Federal employees or any percentage of agency 
overhead charges that should be allocated to the restoration effort (i.e., they do not include 
expenses such as the costs of a manager of those assigned to such work).  Adding annual 
monitoring and management costs brings the full estimate of the present value based on State 
and Federal agency expenditures to $85.7 million for the 10-year assessment period. 


 
A second, more detailed approach for estimating implementation costs was developed 


using yearly, bar-by-bar estimates of the costs of habitat rehabilitation and seeding based on the 
assessment scenarios (Section 4.1.2).  Per-acre cost estimates for habitat restoration and per-unit 
spat planting costs were obtained from DNR, VMRC, and the PRFC.  This approach also 
involved including estimates of monitoring and management costs and overhead charges.  Using 
this approach, projected annual expenditures for implementation would vary over the 10 years 
but would average around $12 million.  The present value of the 10 years of expenditures at the 
4.625% discount rate is $95.2 million (Table 4-18).  Although this estimate exceeded the 
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estimate based on adjusted agency expenditures, it was used for Alternative 1 because it could be 
modified easily and applied to the other alternatives that included similar restoration activities.   
 
Table 4-18. Estimated 10-year present value (4.625% discount rate) of costs to implement 


Alternative 1 ($ millions). * 
 Habitat Spat Monitoring & Management Overhead TOTAL 


MD $27.0 $14.5 $12.5 $6.5 $60.4 
VA $15.7 $3.6 $5.8 $3.0 $28.1 
PRFC $2.8 $1.8 $1.4 $0.7 $6.7 
TOTAL $45.5 $20.0 $19.6 $10.2 $95.2 
*Small discrepancies in column totals in tables throughout this section are the result of rounding. 


 
Fishery Benefits – The starting point for predicting future harvests under this alternative 


was considered to be the recent landings from Maryland and Virginia.  Defining recent landings 
is problematic.  The 10-year average harvest is 1.3 million pounds (approximately 186,700 
bushels) with a standard deviation of 1.1 million, and the 5-year average is 0.4 million pounds 
(approximately 57,100 bushels) with a standard deviation of 0.3 million pounds; the difference in 
means reflects the extremely poor recent landings record.  To ensure that the projections 
captured at least some probability of higher harvests than experienced over the last five years, 
they were based on average for catch for 7 years (2000-2006).  The average harvest for that 
period was 0.86 million pounds (122,857 bushels), with a standard deviation of 0.87 million.  
Ten random draws were then taken from a truncated (at zero) normal distribution with this mean 
and standard deviation corresponding to the pattern of predicted harvests over the next ten years 
(Table 4-18).  The normal distribution was chosen because, based on a Chi-square analysis, it 
was the best fit among distributions tested for the time series of oyster harvest data. 


 
Table 4-19 summarizes the net returns to the pattern of harvests based on the random 


draws for oysters in Chesapeake Bay over the 10-year time horizon.  Harvesting costs were 
based on the estimate by Wieland (2008) and is the mid-range of costs from that study.  The 
Chesapeake Bay price is based on the price flexibility from the inverse demand model detailed in 
Appendix D. 


 
Table 4-19. Projected annual landings, Chesapeake Bay price, gross revenues, harvest 


costs, and net revenues based on random draws from a normal distribution 


Year Landings* Price 
Gross 


Revenues 
Harvest 


Cost 
Net 


Revenue 
1 1,841,000 $4.31 $7,939,714 $5,917,500 $2,022,214 
2 1,835,000 $4.29 $7,866,584 $5,898,214 $1,968,370 
3 855,000 $4.31 $3,685,607 $2,748,214 $937,393 
4 740,000 $4.32 $3,198,311 $2,378,571 $819,739 
5 934,000 $4.35 $4,065,886 $3,002,143 $1,063,743 
6 155,000 $4.39 $680,958 $498,214 $182,744 
7 1,174,000 $4.37 $5,128,923 $3,773,571 $1,355,351 
8 1,718,000 $4.37 $7,502,276 $5,522,143 $1,980,133 
9 100,000 $4.45 $444,777 $321,429 $123,348 


10 1,218,000 $4.40 $5,364,580 $3,915,000 $1,449,580 
*Pounds of meats, approximately 7 pounds per bushel (Muth et al. 2000). 
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The present value of this stream of net revenues using the 4.625% rate of discount is $9.6 
million.  Based on Wieland’s (2008) break-even cost analysis and assumption of a full fishing 
season of 100 days, this harvest would support an average of 15-32 full-time watermen 
equivalents over the 10-year period.  The actual number of watermen continuing to harvest will 
be greater than that depending on the fraction of the 100-day season watermen choose to fish. 


 
Processor Benefits/Consumer Benefits – According to Murray (2002), virtually all of 


Virginia’s processed oyster production is from oysters harvested from other states, principally 
the Gulf of Mexico.  The same is true of Maryland-based oyster processors.  Under this 
alternative, it is expected that Chesapeake processors will continue to rely on shell stock from 
other regions to supply regional markets.  These processors and retail markets will supplement 
this imported shell stock with the continued low level of harvests from Chesapeake Bay waters.  


 
No comprehensive data for the cost and returns of oyster processing were available for 


use in estimating  profits for this segment of the industry, particularly the differential in profits 
for oysters produced locally versus shell stock imported from other producing regions.  
Appendix D4 presents estimates of the wholesale value of oysters based on assumptions 
regarding the percentage of the available shell stock that would be sold on the half-shell market 
(30%).  Starting with a wholesale price of $0.20 each for half-shell oysters and $48 for a gallon 
of shucked oysters, the gross revenues for the wholesale value of the Chesapeake Bay harvest 
was calculated over the 10-year time horizon.  Wholesale prices were allowed to fluctuate in 
direct proportion to harvest prices derived from the inverse demand model.  Oyster cost or gross 
revenue from Table 4-19 was subtracted because it is what the processor or wholesaler would 
have to pay for these oysters.  Table 4-20 gives the annual gross wholesale value and the value 
net of oyster cost for the wholesale industry.  The estimate of the present value of revenues net of 
oyster cost at the wholesale level for Maryland harvested oysters under Alternative 1 is $39.3 
million.  These revenue estimates cannot be interpreted as a net benefit because they do not 
account for all opportunity costs of production; nevertheless this figure is useful for comparing 
revenue estimates among the alternatives.   


 
Table 4-20. Estimated wholesale value and revenue net 


of oyster cost for projected oyster harvest 
from Chesapeake Bay 


Year 
Gross 


Revenue 
Oyster 
Cost 


Revenue Net of 
Oyster Cost 


1 $14,789,972 $7,939,714 $6,850,257 
2 $14,884,215 $7,866,584 $7,017,631 
3 $11,143,848 $3,685,607 $7,458,241 
4 $10,248,303 $3,198,311 $7,049,992 
5 $9,093,710 $4,065,886 $5,027,823 
6 $4,888,155 $680,958 $4,207,196 
7 $8,883,201 $5,128,923 $3,754,278 
8 $10,401,312 $7,502,276 $2,899,036 
9 $1,708,063 $444,777 $1,263,286 


10 $7,065,639 $5,364,580 $1,701,059 
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Indirect Benefits – The RRM for this alternative shows declining scores for all but the 
Maryland oligohaline region of Chesapeake Bay.  This alternative would be unlikely to lead to 
additional declines in indirect economic value from the resource because the expected declines 
would begin from an already significantly reduced level of ecological service provided by 
oysters in the Bay.  The increase in oyster biomass in the Maryland oligohaline region is not 
anticipated to be sufficient to result in any significant indirect economic benefit in this section of 
the Bay. 


 
4.6.2.3 Alternative 2:  Enhance Restoration 
 


Implementation Costs – Implementing Alternative 2 would require a major increase in 
investment in the habitat rehabilitation and seeding programs, as outlined in Section 4.1.3.  The 
same cost factors for habitat and spat used to estimate costs for Alternative 1 were used to 
determine the detailed cost for Alternative 2 (Table 4-21). Implicitly this analysis fails to capture 
any economies of scale that might accrue with this expanded effort.  Although monitoring and 
management costs would increase somewhat, they probably would not increase in proportion to 
the overall habitat and seeding program.  To account for a limited increase, the monitoring and 
management costs estimated for Alternative 1 were increased by 10% of the incremental increase 
in habitat and spat costs for Alternative 2.   
 


Table 4-21. Estimated 10-year present value (4.625% discount rate) of cost to 
implement Alternative 2 ($millions). 


 Habitat Spat Monitoring & Management Overhead TOTAL 
MD $87.7 $89.7 $13.6 $22.9 $213.9 
VA $86.5  $13.4 $8.1 $13.0 $120.9 
PRFC $1.9 $7.2 $0.5 $1.2 $10.7 
TOTAL $176.1 $110.3 $22.1 $37.0 $345.5 


 
Fishery Benefits – As explained for Alternative 1, initial estimates of the fishery benefits 


under Alternative 2 presented in Table 6.0 of Appendix D1 were developed using the output of 
exploratory modeling documented in Appendix A; however, the limitations of the model outputs 
ultimately necessitated using an alternative approach to estimate benefits.  Recent landing from 
The starting point for predicting future harvests in response to Alternative 1 was considered to be 
the recent landings from Maryland and Virginia.  The predicted net present value of 10 years of 
harvest under that alternative was $9.6 million.  Section 4.1.3 discussed the potential for the 
oyster population to increase in response to this alternative to a greater degree than it would in 
response to Alternative 1.  An initial approach for predicting the fishery benefits of this 
alternative might be to assume that they would increase in proportion to the difference in 
predicted population size.  Exploratory modeling suggested that after 10 years, the population 
might be as great as five times the population size after that same time period in response to 
Alternative 1, suggesting that fishery benefits might be as great as $48.0 million. The greatest 
increase in oyster abundance, however, most likely would occur on sanctuary bars in low-salinity 
waters in Maryland (Section 4.1.3); consequently a substantial portion of the enhanced 
population would not be subject to harvest and would not contribute to an increase in fishery 
benefits.  Also, several factors, most importantly continuing loss of habitat, could preclude the 
attainment of the projected increase in oyster abundance (Section 4.1.3).  In addition, the rate at 
which oysters might be harvested in the future cannot be predicted.  For all these reasons, the 
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fishery benefits under this alternative after 10 years would be expected to be somewhat greater 
than the  $9.6 million estimated for Alternative 1, but the magnitude of the increase cannot be 
estimated. 


 
Processor/Consumer Benefits – As described for fishery benefits, an initial approach to 


predicting the benefits of this alternative for processors and consumers benefits might be to 
assume that benefits would increase in proportion to the difference in predicted population size 
for this alternative versus Alternative 1. The estimate of the present value of revenues net of 
harvesting costs at the wholesale level for Maryland harvested oysters for Alternative 1 is $39.3 
million. For all the reasons presented for fishery benefits, the present value of revenues under 
this alternative after 10 years would be expected to be somewhat greater than $39.3 million, but 
the magnitude of the increase cannot be estimated. 


  
Indirect Benefits – The ERA suggested that this alternative would have a significantly 


greater positive influence than Alternative 1 on oyster abundance in the Maryland oligohaline 
zone, and positive influences in other areas except the Virginia polyhaline zone (Section 4.4.4 of 
Appendix B).  This alternative entails significantly more habitat rehabilitation than Alternative 1; 
therefore, the ERA also suggested significantly greater positive influences for hard-bottom 
habitat and reef-oriented fish.  As discussed in Appendix D4 and analyzed in Hicks et al. (2004), 
recreational anglers prefer hard-bottom habitat; therefore, Alternative 2 would have a positive 
economic benefit even if the oyster habitat did not lead to larger populations of recreational fish.  
In their analysis, a specific set of restoration projects summing to 1,890 restored acres had an 
annual benefit to recreational anglers of $720,000 (in 2007 dollars), or a net present value of $6.3 
million over 10 years.  That analysis was dependent on the location of the restoration projects 
relative to fishing activity in Chesapeake Bay.  The specific location of habitat restoration 
activities in Alternative 2 would provide different results; however, the analysis reported by 
Hicks et al. (2004) serves as a relative indicator of the magnitude of recreational fishing benefits 
that might result from restoring oyster habitat.  This alternative might also provide some benefits 
for the commercial fisheries for crabs and finfish, but those benefits were not estimated.    


 
4.6.2.4 Alternative 3: Harvest Moratorium 
 


Implementation Costs – Because current restoration programs would continue under this 
alternative, the cost of spat planting and habitat rehabilitation over a 10-year assessment period 
would be $95.2 million (Section 4.6.2.3).  For harvesters, foregone net income is a measure of 
the cost of imposing a harvest moratorium.  The moratorium would be imposed on the oyster 
stock as it exists under current management and restoration programs (i.e., Alternative 1).  The 
foregone net present value of net income associated with implementing Alternative 3 would thus 
be $9.6 million, making the total cost of this alternative $104.8 million.  The compensation 
program to be implemented under this alternative presumably would be intended to restore 
harvesters’ income lost as a result of a moratorium.  A buy-out program that would compensate 
watermen for foregone net income would not change the estimate of costs; it would simply shift 
the income loss incurred by the watermen to the public sector.  Hiring displaced watermen 
preferentially to conduct on-water restoration in lieu of a direct buy-out also would not modify 
the cost, but would simply transfer income from non-displaced watermen or other individuals 
and firms to displaced watermen.  
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Fishery Benefits – This alternative specifies that the moratorium would be temporary; 
therefore, benefits to the fishery could become apparent after the moratorium is lifted.  For this 
analysis, the moratorium was assumed to continue throughout the 10-year evaluation period.  
The immediate fishery benefits under this alternative would be zero. Future benefits would be 
those that might result from increased profits to oystermen (compared with Alternative 1) related 
to any increase in oyster biomass in the future that would lower the cost by increasing the catch 
per unit of effort.  


 
Processor/Consumer Benefits – Eliminating harvest would result in a decrease in 


processor and consumer benefits.  To the extent that the moratorium would reduce the 
availability of oysters for the market, it could cause prices to increase. The magnitude of this 
effect probably would be limited because the current market is dominated by  oysters produced 
outside of Chesapeake Bay. .  As in the case of fishery benefits, benefits for processors and 
consumers could increase in the future if the moratorium contributed to an increase in the oyster 
population that could support a post-moratorium  increase in oyster harvest. 


 
Indirect Benefit – According to the ERA, the ecological influences of this alternative are 


slightly more positive than for Alternative 1, depending on the salinity zone. The slightly greater 
positive influences would result in slightly greater indirect economic benefits than for 
Alternative 1. 


 
4.6.2.5 Alternative 4:  Cultivate Eastern Oysters 
 


Implementation Costs – Private cultivation of Eastern oysters in Chesapeake Bay is 
limited.  Murray and Oesterling (2006) projected that about 5.2 million cultivated oysters were 
sold in Virginia in 2006.  Entrepreneurs in Maryland and Virginia are experimenting with a 
variety of off-bottom and on-bottom cultivation methods.  The analysis of oyster aquaculture in 
Chesapeake Bay presented in Appendix D4 demonstrates that a variety of methods of cultivating 
the native species are economically viable at the current high prices for oysters.  Significant 
expansion of production from aquaculture would be expected to lead to lower prices.  This would 
increase the economic risk associated with cultivating oysters and limit the overall size of the 
industry, unless measures (e.g., increased regional or national marketing) proved successful in 
increasing the market or the value of Chesapeake Bay oysters.  Aquaculture operations in 
Maryland and Virginia currently receive no direct public funding and, thus, have no direct 
implementation costs.  Maryland funds two groups that work to further aquaculture development 
in the State, the Aquaculture Review Board (ARB) and the Aquaculture Coordinating Council 
(ACC).  Similarly, Virginia funds the VIMS Aquaculture Genetics and Breeding Technology 
Center.  These organizations provide technical support; they do not directly fund or financially 
support any private aquaculture operations.  


 
The public would incur costs for this alternative if either State were to implement 


business-development programs to encourage the growth of the oyster aquaculture industry in 
Chesapeake Bay.  In Maryland, the ACC has initiated discussion about creating Aquaculture 
Enterprise Zones (AEZs).  In an AEZ, the State could provide assistance to aquaculture 
entrepreneurs in the form of zone permitting (i.e., the State would obtain necessary State permits 
for a broad area within a waterbody and allocate locations to operators within that AEZ), 







 


 
4-137 


infrastructure support (e.g., construction of shore-side facilities that operators within an AEZ 
could share), and other such support. Such public support would be required to expand 
aquaculture in Chesapeake Bay beyond the level that the market supports currently.  Some 
actions that would encourage expansion of the aquaculture industry may have little or no public 
cost, such as relaxing or streamlining regulatory constraints in Maryland.  Other actions, such as 
creating the proposed AEZs in Maryland, providing direct subsidies for operators, subsidizing 
spat production, and making low-interest or no-interest loans to operators, could involve 
substantial public costs and would require legislative action.  The incremental increase in the 
cost of water quality monitoring performed by the Maryland Department of the Environment and 
the Virginia Department of Health for all aquaculture operations would be included among the 
public costs of implementing this alternative. 


 
The private sector would absorb much of the cost of expanding aquaculture production in 


the Bay.  As discussed in Appendix D4, operators could bear these costs if the price of oysters 
remained high enough to cover them and provide a return on investment and management.  New 
or expanded aquaculture could result in some increased costs to government agencies for 
activities such as water quality monitoring, permit processing, etc.; however, the magnitude of 
such costs could not be estimated.  Benefits discussed below are the net gains, after accounting 
for estimated private costs. 


 
Fishery Benefits – To evaluate this alternative, the wild fishery was assumed to continue 


as in Alternative 1.  Cultivated oysters would supplement the wild harvest from Chesapeake Bay.  
The analysis presented in Appendix D4 indicates the potential for a private aquaculture industry 
based on Eastern oyster production for the half-shell market of about 330,000 bushels a year sold 
at about $0.19 per oyster.  This level of aggregate production would support approximately 94  
“representative size” aquaculture firms producing about 3,500 bushels each of  Eastern oysters 
for the half-shell market.  The actual number of individuals or firms participating could be higher 
if the firm scale of operation is smaller than the representative firm scale.  The Monte Carlo 
simulations used to project this operation show a great deal of uncertainty in economic 
performance.  For comparison with the other alternatives, the analysis assumed 10 firms 
corresponding to the participants in the VSC trials.  The number of firms was assumed to 
increase by 10 each year and 4 in the tenth year to achieve the predicted equilibrium of 94 
representative firms by year 10.  The net present value of the industry for the 10-year time 
horizon was then computed.  The first 10 firms that enter the industry had a simulated net present 
value of  $190,000 for ten years of operation.  Thus, the ten firms contribute $1.9 million total in 
net present value.  The firms that enter in the second year would contribute only $179,000 each 
in net present value because they only operate in nine years of the 10 year analysis.  Firms 
enetering in subsequent year’s contribute less because they are in operation for a shorter period 
of time within the ten years of analysis (Table 4-22).  The minimum and maximum values in 
Table 4-22 correspond to the range of one standard deviation from the predicted value.  Under 
this scenario, an expanded aquaculture industry using the Eastern oyster would contribute about 
$10.4 million in net present value, but the amount could range from $6 million  to $15 million 
(Appendix D4). 
 


Data that would support a detailed analysis of production costs for an extensive oyster 
aquaculture industry in Chesapeake Bay were very limited.  Data (Attachment A of Appendix C) 







 


 
4-138 


provided at a workshop held in February, 2006, included some estimated costs to obtain wild, 
diploid Eastern oyster spat.  The wild spat described in that data was subject to high mortality; 
however, assuming mortalities typical for Chesapeake Bay, the average cost per harvested bushel 
was about $82, whereas the price received was about $30.  Under those conditions, survival 
would have to be 16% to break even on spat costs, but that evaluation did not include additional 
costs, such as labor.  An extensive production industry for triploid or other fast-growing strains 
of Eastern oyster (e.g., a disease resistant strain or one with a higher growth rate) could be 
viable.  To the extent that substantial aquaculture using such specially adapted Eastern oyster 
develops, it has the potential to supplement or compete with current modes of aquaculture, and if 
the production costs can be reduced enough through high survival and economies of scale, 
become a viable source of product to compete for the lower-priced shucked oyster market.  Other 
data to further analyze extensive aquaculture production were not available for this PEIS.  
Potentially less expensive alternatives to hatchery production of spat include use of spat 
collectors to collect larvae produced by wild oysters, as is done in aquaculture in France, China 
and elswhere, or the purchase of spat from outside the Chesapeake Bay area.  As discussed in 
Section 4.1.5, these alternatives are not considered by existing oyster growers to be applicable to 
aquaculture in the Bay.  No data were available from which to assess their potential for 
enhancing profitability of Bay operations.  
 


Table 4-22. A scenario for growth and estimated net present value (NPV) of an Eastern 
oyster aquaculture industry for the 10-year PEIS assessment period. 


Year New 
Firms NPV Total NPV Min Max 


1 10 $190,000 $1,900,000  $1,102,000   $2,698,000  
2 10 $179,000 $1,790,000  $1,038,200   $2,541,800  
3 10 $167,000 $1,670,000  $968,600   $2,371,400  
4 10 $163,000 $1,630,000  $945,400   $2,314,600  
5 10 $133,000 $1,330,000  $771,400   $1,888,600  
6 10 $116,000 $1,160,000  $ 672,800   $1,647,200  
7 10 $58,000 $580,000  $336,400   $823,600  
8 10 $29,000 $290,000  $168,200   $411,800  
9 10 $0 $0  $  -   $ -  


10 4 $0 $0  $  -   $  -  


TOTAL 94  $10,350,000  $6,003,000   $ 14,697,000  
 


The available data indicate that if current market factors remain constant in the future, an 
economically viable industry would not be likely to reach the maximum calculated size, within 
or even after the 10-year PEIS assessment period.  However, as mentioned earlier, evidence with 
other aquculture species suggest that market factors often change to the advantage of greater 
aquaculture production.  Expansion of markets and technological improvments could result in an 
aquaculture industry larger than is predicted here. 


 
Indirect Benefits – The ERA results presented in Section 4.3.5 show that even at its 


maximum economically viable size, oyster aquaculture would have very limited ecological 
effects at the scale at which the analysis was performed.  On a smaller scale, such as an 
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individual tributary, water clarity improvements and associated ecosystem responses would be 
expected.  Conversely, benthic enrichment and the associated ecological effect also would be 
possible, depending on the concentration of aquaculture operations and the hydrodynamic 
characteristics of the aquaculture site.  For the purposes of this PEIS, it is not possible to estimate 
potential indirect economic benefits from such uncertain outcomes.  Depending on the form 
aquaculture is pursued, interference with boating and recreational fishing would be possible, 
depending on the methods of aquaculture; for example, floats or buoys used to mark off-bottom 
cages could create obstructions  Such interference could have an indirect cost, but such costs 
cannot be estimated.   


 
4.6.2.6 Alternative 5:  Cultivate a Nonnative Oyster  


 
Section 4.1.6 indicates that the Suminoe oyster is the only nonnative species that appears 


to be feasible for this alternative.  The economic analyses presented here are based largely on 
available information from pilot studies involving cultivation of triploid Suminoe oysters in the 
Chesapeake Bay. 


 
Implementation Costs – As indicated for Alternative 4, the level and nature of State 


assistance would determine the public costs of this alternative.  The kinds of business-
development actions being considered were discussed for Alternative 4.  For this alternative, 
hatcheries with quarantine facilities would be required to produce triploid Suminoe oyster spat.  
Such facilities would be more costly than hatcheries for the Eastern oyster, but insufficient 
information about hatchery production costs precluded a quantitative analysis of the difference.34  
Cultivating triploid Suminoe oysters would require biosecure hatchery facilities and operations 
and biosecure methods of deployment.  Qualitatively, both capital and operational costs would 
be greater for a biosecure hatchery facility.  As for Alternative 4, government agencies would 
incur some increased costs to manage and regulate the industry for activities such as water 
quality monitoring and permit processing; however, the magnitude of such costs could not be 
estimated. The need to enforce of biosecurity requirements would result in greater demands on 
agency and enforcement staff  than those for Alternative 4; however, the difference in costs 
could not be estimated.  


 
Fishery Benefits – To evaluate this alternative, the wild fishery was assumed to continue 


as in Alternative 1.  Cultivated Suminoe oysters would supplement the local production of native 
oysters from Chesapeake Bay.  Based on the analysis presented in Appendix D4, a private 
aquaculture industry based on triploid Suminoe oysters could produce about 780,000 bushels for 
the half-shell market supplied by about 223  aquaculture firms of “representative size” producing 
about 3,500 bushels each to be sold at about $0.16 per oyster, assuming the quality of the product 
were sufficient for that market. In recent years, 15% to 35% of triploid Suminoe oysters raised in 
the Bay have gone into the half-shell market, and larger percentages have gone into that market 
from coastal bay producers (A.J. Erskine, Cowart Seafood Corporation, pers. comm.). A net 


                                                 
 
34 Triploid Suminoe oysters used in all VSC trials and studies in the Bay have been produced by a State institution 
(VIMS) that conducts a wide range of shellfish studies; estimates of costs specifically for triploid production cannot 
be partitioned from overall facility costs easily and are unlikely to be representative of commercial production costs. 
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present value for the full industry over the 10-year assessment period for the PEIS was estimated 
in the manner described for Alternative 4.  Assuming that the maximum industry would develop 
gradually, starting with 10 firms and building to 223 firms at year 10,35 30 firms a year were 
added to the analysis in years 2 through 5, 20 firms in years 6 through 9, and 13 firms in year 10.  
Firms in year 1 would contribute $126,000 each to the net present value, and firms added in 
subsequent years would contribute less (Table 4-23).  The overall net present value of the 
industry would be $16 million, with a one-standard-deviation range of $9 million to $23 million 
(Appendix D).  Based on the data available, the results of the analyses suggest that the triploid 
Suminoe oyster could support more firms and create more employment opportunities for 
watermen and others than the Eastern oyster (Alternative 4).  Considering the potential industry 
from the perspective of an individual oyster-producing operation, the analyses presented in 
Appendix D indicate that the probability of economic success is greater for an operation using 
triploid Suminoe oysters at a lower per-oyster output price than for an operation using triploid 
Eastern oysters (Figure 4-19).  These results illustrate an economic advantage of using triploid 
Suminoe oysters.  Uncertainty about the suitability of Suminoe oysters for the half-shell market 
may negate some of this advantage (Appendix D2);  however, growers who have participated in 
the VSC trials have reported that cultivating triploid Suminoe oysters can be very lucrative in the 
shucking market regardless of half-shell market values, as discussed further below.    


 
Table 4-23. A scenario for growth and estimated net present value (NPV) of a triploid  


Suminoe oyster aquaculture industry for the 10-year PEIS assessment 
period. 


Year New Firms NPV Total NPV Min Max 
1 10 $126,000 $1,260,000  $730,800   $1,789,200  
2 30 $123,000 $3,690,000  $2,140,200   $5,239,800  
3 30 $112,000 $3,360,000  $1,948,800   $4,771,200  
4 30 $107,000 $3,210,000  $1,861,800   $4,558,200  
5 30 $79,000 $2,370,000  $1,374,600   $3,365,400  
6 20 $61,000 $1,220,000 $707,600 $1,732,400 
7 20 $36,000 $720,000 $417,600 $1,022,400 
8 20 $18,000 $360,000 $208,800 $511,200 
9 20 $0 $0 $- $- 


10 13 $0 $0 $- $- 
TOTAL 223  $16,190,000 $    9,390,200 $     22,989,800 


 
Caveats and uncertainties similar to those described for the economic evaluation of 


Alternative 4 apply for Alternative 5.  Recent experience with cultivated triploid Suminoe 
oysters suggests that they are more appropriate for the  shucked market than the half-shell market 
because of their short shelf life but that they would still bring a higher price than shucked Eastern 
oysters due to significantly greater yields.   Growers  participating in the VSC trials have 
reported gross values for 100,000 shucked oysters of approximately $20,000 to $25,000 for 


                                                 
 
35 This number of firms is greater than the number of firms for Eastern oyster aquaculture as a result of differences 
in production costs between the two species. 
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triploid Suminoe oysters compared with about $10,000 to $15,000 for triploid Eastern oysters 
(A. Erskine, Bevans Oyster Company, pers. comm., and Erskine 2008).  The degree to which 
costs associated with the VSC trials might represent commercial costs is difficult to establish 
because state-supported facilities maintain the brood stock and produce the triploid seed. The 
ability of a large-scale production industry for shucked Suminoe oysters to compete with the 
high-yielding Pacific oyster, for which production costs are less than for triploid Suminoe 
oysters,  is unknown.  Suminoe oysters produced in extensive, unconfined aquaculture operations 
probably would have signficantly lower production costs than those grown in confined 
operations and, thus, would compete better against shucked Pacific oysters  imported from the 
West Coast.  Unconfined cultivation of  triploid Suminoe oysters may be possible if regulatory 
agencies conclude that the risk of an unintended introducton of diploids (Section 4.1.6) is 
acceptable.  Due to the restricted nature of the VSC trials, no data are available to support an 
analysis of production costs for extensive, unconfined cultivation of Suminoe oysters in 
Chesapeake Bay. 


 


 
 
Figure 4-19. Probability of economic success for intensive aquaculture of triploid Suminoe 


oysters (C. ariakensis) and triploid Eastern oysters (C. virginica) at different 
output prices. 


 
The issue of ensuring the biosecurity of the Suminoe oyster brood stock to minimize the 


risk of introducing a reproducing population into the Bay also could influence the cost of seed.  
Production costs will be greater for seed produced in biosecure hatcheries than for seed produced 
in standard hatcheries..  An extensive analysis of hatchery production operations and costs would 
be required to estimate the additional cost associated with maintaining biosecurity, and no such 
data are available to date.   Clearly, the scale of operation would be an important factor in 
determining whether the additional cost of maintaining biosecurity would significantly increase 
the price that hatcheries would charge growers for triploid Suminoe seed..  Monte Carlo 
simulations for Suminoe oyster aquaculture operations were run at output prices of $0.18 and 
$0.17 an oyster while varying the expected hatchery cost from the $1.50 per thousand used in 
previous calculations to $3.00 per thousand to examine the sensitivity of aquaculture production 
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of Suminoe oysters to higher seed costs.  Figure 4-20 shows the results for the probability of 
financial survival of the modeled aquaculture firm. 


  
 


Figure 4-20. Survival of Suminoe oyster aquaculture firms when expected seed costs vary from 
$1.50-$3.00 per hundred. 


 
 
Increasing the  cost of seed would lower the probability of survival of firms and, thus, 


would result in the need for a higher output price to ensure the firms’ success.  The oyster 
demand model would predict of decreasing  production and fewer firms as the price for seed 
increases beyond $1.50 per thousand.   


 
All of the economic data available from the VSC trials with triploid Suminoe oysters 


were used in the economic assessment presented here.  No meaningful and reliable data for use 
in estimating the cost of r private, biosecure production of triploid Suminoe oysters in full-scale 
commercial aquaculture could be obtained within the scope of this PEIS and the time available 
for preparing it.  Even if a sufficient sample of respondents could be obtained (private operators  
usually are reluctant to share cost data), a proper analysis would have to account for differences 
in environmental conditions, degrees of regulation, scales of production, and other such factors.  
A significant time series of production and cost data would be required to account for the large 
annual variation in hatchery success rates.   Allen (2009) estimated the cost to expand State-
supported hatchery operations at VIMS to accommodate the large-scale production of triploid 
Suminoe oyster seed that would be required for expanded aquaculture operations.  The estimated 
price per triploid seed, including the cost of maintaining biosecurity,  is between $0.041 in year 1 
and $0.025 in year 10, for an average cost of $0.031 (~$3.00/hundred) over 10 years.  According 
to Figure 4-20, such seed costs would reduce the probability of economic survival of an 
aquaculture operation substantially, although the probability of success also is related closely to 
the expected price per harvested oyster.  No more detailed economic analysis of this issue is 
possible at this time. 
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Indirect Benefits – Although a slightly larger aquaculture industry in Chesapeake Bay is 
projected for Alternative 5 than for Alternative 4, the kinds of indirect benefits expected would 
be similar.  One difference, however, is that cultivated Suminoe oysters might filter more water 
than cultivated Eastern oysters over the same amount of time in order to support their faster 
growth.  This increased filtration rate might enhance ecological benefits on a local scale. 
Suminoe oysters probably would be cultivated using only confined methods, such as floats, bags 
or off-bottom cages; therefore, the potential benefit of increasing hard-bottom habitat via on-
bottom cultivation of Eastern oysters would not be realized, and this alternative definitely would 
adversely affect boating and fishing (Section 4.7) and result in negative indirect effects.  The 
magnitude of those effects cannot be estimated.  
 
4.6.2.7 Alternative 8:  Combination of Alternatives 
 
 The combinations of alternatives were established by the lead agencies after most of the 
analyses for the PEIS were completed.  As a result, no specific economic assessment of the 
combinations is available, and conclusions regarding economics are severely constrained by  
lack of data.  Some conclusions can be drawn based on the individual economic analyses of the 
proposed action and alternatives.   
 
 Implementation Costs – Average annual implementation costs were estimated for the 
proposed action ($25.7 million), Alternative 2 ($34.6 million), and the incremental cost of the 
harvest moratorium in Alternative 3 ($1.0 million) but not for Alternatives 4 and 5. Assuming no 
cost savings associated with implementing combinations of alternatives, the minimum annual 
average implementation cost for Combinations 8a and 8b would exceed $35 million, and the 
minimum annual implementation cost for Combination 8c would exceed $60 million.  
 
 Fishery and Processor Benefits – The fishery and processor benefits of the combinations 
cannot be estimated for several reasons.  First, no quantitative projections were possible for some 
of the actions included in the combinations (e.g., proposed action and harvest moratorium).  
Perhaps more importantly, the demand model used in most of the analyses in this section 
suggests that as the supply of oysters on the market increases, the price would decrease.  If the 
combinations of alternatives resulted in significant increases in oyster production, the economics 
of both culture and harvest could change in unpredictable ways.  Although the total increase in 
oysters in the Bay may result in substantial ecological benefits, a great increase in the number of 
oysters that reach the market may not have a commensurate economic benefit.   
 
 Indirect Benefits – Significant increases in oyster abundance could improve water 
quality and habitat in ways that could contribute economic benefits associated with larger 
populations of other important commercial and recreational species in Chesapeake Bay and 
improve water clarity, which could lead to higher values for other forms of recreation (e.g., 
swimming and boating) and higher values for waterfront property. Given the results of the ERA, 
enhancements in ecological services are potentially greatest under Combination 8c and least 
under Combination 8a.  Estimating the economic benefits related to the ecological services 
provided by oyster populations would require quantifying ecological changes related to 
increasing oyster populations.  These changes could not be quantified; therefore, the indirect 
economic benefits of these combinations of alternatives cannot be estimated. 
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4.7 VISUAL, AESTHETIC, AND RECREATIONAL RESOURCES 
 


Chesapeake Bay’s diverse visual, aesthetic, and recreational resources were described in 
detail in Section 3.7.  In addition to the Bay’s natural beauty, many consider traditional water-
front communities to be of particular aesthetic value.  The historic watermen’s communities 
along the Chesapeake’s western and eastern shores offer an aesthetic charm and have contributed 
greatly to tourism in these areas. The Bay supports a very significant recreational fishery.  There 
is no recreational oystering in the Bay, although many owners of shoreline property participate in 
oyster rearing programs coordinated by the Chesapeake Bay Foundation.  Boating on 
Chesapeake Bay is a popular recreational activity and an important component of the economies 
of Maryland and Virginia.  Waterfowl hunting is a popular sporting tradition in near-shore areas 
throughout the region.  Recreational swimming is a popular summertime activity in the 
Chesapeake Bay region, where not impaired by stinging sea nettles.  Wildlife viewing is a popu-
lar activity in the forests, marshes, and waterways of the area.  The eastern shore of the Bay is an 
important stopover for migratory birds and has many nationally recognized areas for wildlife 
viewing.   


 
The consequences of the proposed action and the alternatives for visual, aesthetic, and 


recreational resources were addressed primarily by evaluating how the oyster and ecosystem 
outcomes described in Sections 4.1 and 4.2 might influence human perception and use of 
Chesapeake Bay.  Descriptions of the consequences are all qualitative, primarily reflecting the 
likelihood that a particular resource would be positively or negatively affected; the potential 
magnitude of the effect is discussed when possible.  


 
4.7.1 Proposed Action:  Introduce the Suminoe Oyster and Continue Efforts to 


Restore the Eastern Oyster 
 
This alternative calls for continuing current efforts to restore the Eastern oyster and 


undertaking an intensive program to introduce the Suminoe oyster.  If new hatcheries are 
required to implement this alternative, they would most likely be located near the shoreline. 
Constructing hatcheries in natural, undeveloped shoreline locations could adversely affect visual 
aesthetics, but only to a small degree.  Based on characteristics of the University of Maryland’s 
hatchery at Horn Point, a large-scale hatchery might occupy about five acres of land.   


 
Implementing this alternative would cause minor, temporary negative effects on visual 


and aesthetic resources during the brief periods when oyster spat are planted and shell or other 
substrate is replenished.  Spat are generally planted during the spring and takes four to six weeks.  
Shell planting or work on substrate generally occurs during the summer and may take six to eight 
weeks.  Effects would be the result of movements and activity of relatively large boats and 
barges involved in those operations.  Such operations could interfere with recreational boating 
and fishing, but only briefly at individual locations designated for restoration and introduction.   


 
A successful introduction of the Suminoe oyster that results in significant increases in 


oyster abundance could provide a visual benefit if it is accompanied by an increase in the activity 
of skipjacks and watermen.  Increases in harvest could help to support shucking houses, where 
oysters are removed from their shells for market, and other shoreline facilities, thus preserving 
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scenic, fisheries-related shoreline facilities.  An increase in oysters and hard-bottom habitat 
would benefit not only oystering, but also recreational fishing for reef-oriented fish, as discussed 
in Section 4.1.1.  There would be little to no effect on recreational swimming because Suminoe 
oysters are not expected to become established in intertidal areas (Section 4.2.2.1 of Appendix 
B).  Waterfowl hunting might benefit from any increases in bottom-feeding diving ducks 
resulting from an increased oyster stock. There might be a minor disruption of wildlife viewing 
during the brief periods when spat and shell planting activities are taking place.  An unsuccessful 
Suminoe oyster introduction program would not result in any of these potential benefits 
occurring. 


 
4.7.2 Alternative 1:  No Action 


 
Alternative 1 would be expected to result in an increase in oyster abundance in low- 


salinity areas in Maryland, decreases in higher salinity areas, and an overall Bay-wide decrease 
(Section 4.1.2).  Implementing this alternative would cause minor, temporary negative effects on 
visual and aesthetic resources during the brief periods when oyster spat are planted and shell or 
other substrate is replenished.  The effects would be less than those expected for the proposed 
action.  Spat are generally planted during the spring and takes four to six weeks.  Shell planting 
or work on substrate generally occurs during the summer and may take six to eight weeks.  
Effects would be the result of movements and activity of relatively large boats and barges 
involved in those operations.  Such operations could interfere with recreational boating and 
fishing, but only briefly at individual locations designated for restoration.  Changes of this 
magnitude would be expected to have little effect on visual and aesthetic resources.  There would 
be no effect on recreational boating, swimming, or wildlife viewing.  Predicted declines in the 
oyster population under current programs could reduce the opportunities for fishing and 
waterfowl hunting associated with oyster reefs.  A continued decline in the number of watermen, 
as suggested in Section 4.6.1, would result in a loss of visual resources, such as working 
oystermen and skipjacks on the Bay. 


 
4.7.3 Alternative 2:  Enhance Restoration 


 
The Bay-wide oyster population under this alternative is anticipated to experience greater 


increases than under Alternative 1, with the largest increases occurring in low-salinity zones but 
some increase in mesohaline zones. Implementing this alternative would cause minor, temporary 
negative effects on visual and aesthetic resources during the brief periods when oyster spat are 
planted and shell or other substrate is replenished.  The effects would be greater than expected 
for Alternative 1.  Spat are generally planted during the spring over a period of four to six weeks.  
Shell planting or work on substrate generally occurs during the summer and may take six to eight 
weeks.  Effects would be the result of movements and activity of relatively large boats and 
barges involved in those operations.  Such operations could interfere with recreational boating 
and fishing, but only briefly at individual locations designated for restoration. 


 
 Increases in oysters and hard-bottom habitat would provide little enhancement of visual 


resources such as working watermen and skipjacks because most of the increased oyster stock 
would be on sanctuaries and reserves.  Increases in those locations could result in local enhance-
ment of recreational fishing for reef-oriented fish.  Waterfowl hunting might benefit from any 
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increase in numbers of bottom-feeding diving ducks.  There may be minor disruption of wildlife 
viewing during the brief periods when restoration activities are taking place.   


 
4.7.4 Alternative 3:  Harvest Moratorium 


 
A harvest moratorium would result in the elimination of working watermen and skipjacks 


as elements of oystering activity and, therefore, would decrease visual and aesthetic resources.  
Elimination of harvest might indirectly adversely affect scenic shoreline support facilities (e.g., 
shucking houses), although most of those operations currently import most of their oysters 
(Section 4.6.2.2).  The limited increases in oysters and hard-bottom habitat expected to result 
from imposing a moratorium could provide limited local enhancement of recreational fishing for 
reef-oriented fish.  Elimination of working watermen might reduce conflicts with recreational 
boaters and fishermen.  Waterfowl hunting might be enhanced as a result of any increases in the 
numbers of bottom-feeding diving ducks in response to an increased oyster stock.  Implementing 
this alternative would cause minor, temporary negative effects on visual and aesthetic resources 
associated with restoration activities, which would continue during the moratorium.  Spat are 
generally planted during the spring, which takes four to six weeks.  Shell planting or work on 
substrate generally occurs during the summer and may take six to eight weeks.  Effects would be 
the result of movements and activity of relatively large boats and barges involved in those 
operations.  Such operations could interfere with recreational boating and fishing, but only 
briefly at individual locations designated for restoration. 


 
4.7.5 Alternative 4:  Cultivate Eastern Oysters 


 
Implementing Alternative 4 could adversely affect visual and aesthetic resources, 


depending on the manner in which oysters are cultivated.  On-bottom culture of the Eastern 
oyster would have no direct effect on visual and aesthetic resources; however, if additional 
hatcheries and shoreline support facilities are needed (e.g., new docks), constructing those 
facilities could adversely affect scenic shorelines.  Off-bottom cultivation techniques would 
cause the greatest aesthetic and visual effects.  The locations of off-bottom cages must be marked 
with buoys.  Floats used for culturing oysters in near-surface waters would occupy considerable 
areas.  Both buoys and floats could have significant adverse visual effects (Section 4.1.5) and 
could interfere with recreational boating and fishing, depending on their location and 
concentration.  Oysters produced under this alternative would produce little if any aesthetic 
benefits through associated ecological services, except through potential effects on local water 
quality.  A concentration of cultured oysters would offer increased filtration capacity and 
potential for indirect effects associated with water quality improvements.  The magnitude of this 
effect would depend on the concentration of cultured oysters and the hydrodynamics of the 
culture site. 


 
This alternative could benefit recreational fishing if on-bottom culture is employed 


because it would enhance hard-bottom habitat for fish.  Oysters in off-bottom cages may provide 
some temporary habitat, food, or both for species such as reef-oriented fish; however, such 
benefits would be temporary because the cages or cultured habitat would be disturbed 
periodically for harvest.  The buoys and floats in off-bottom culture probably would be located in 
near-shore environments; consequently, opportunities for swimming might decrease.  These 
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facilities and floats might also adversely affect wildlife viewing and waterfowl hunting (e.g., by 
disrupting existing blinds and the placement of decoys).  Regular boating activity required to 
maintain aquaculture operations could increase noise and decrease visual aesthetics of waterways 
and also interfere with waterfowl hunting. 


 
4.7.6 Alternative 5:  Cultivate a Nonnative Oyster 


 
Operations to cultivate a nonnative species of oyster would have to be confined, requiring 


the use of off-bottom cages, on-bottom bags, suspended bags, or floats.  Off-bottom cages and 
bags would all be marked with buoys.  Oysters in off-bottom cages may provide some temporary 
habitat, food or both for species such as reef-oriented fish, and thus enhance recreational fishing.  
Such benefits would be temporary because the cages would be disturbed periodically for harvest.  
Oysters produced under this alternative would produce little if any aesthetic benefits through 
associated ecological services, except through potential effects on local water quality.  A 
concentration of cultured oysters would offer increased filtration capacity and potential for 
indirect effects associated with water quality improvements, such as increases in SAV.  The 
magnitude of these effects would depend on the concentration of cultured oysters and the 
hydrodynamics of the culture site. 


 
Alternative 5 would have potential adverse effects on visual and aesthetic resources 


related to the construction of shoreline hatcheries, docks and other associated shoreline facilities.  
The greatest potential impact on visual and aesthetic resources would be from the presence of 
buoys or floats.  Access to fishing areas probably would be constrained where floats or buoys are 
deployed, and those also could interfere with recreational boating.  Opportunities for swimming 
might decrease because floats and other aquaculture facilities would be located in near-shore 
environments.  These facilities and floats might also adversely affect wildlife viewing and 
waterfowl hunting (e.g., by disrupting existing blinds and the placement of decoys).  Regular 
boating activity required for maintenance of aquaculture operations could increase noise and 
decrease visual aesthetics of waterways and also interfere with waterfowl hunting. 


 
4.7.7 Alternative 8:  Combination of Alternatives 


 
Full implementation of any of the three combinations would require significant increases 


in spat production (for both seed planting and aquaculture activities), seed planting, and oyster 
bar rehabilitation.  If new hatcheries were required to produce the additional spat, they probably 
would be located near the shoreline.  Constructing hatcheries in natural, undeveloped shoreline 
areas could adversely affect visual aesthetics, but only to a small degree.  Any of the three 
combinations probably would cause minor, temporary negative effects on visual and aesthetic 
resources during periods when oyster spat are planted, and shell or other substrate is replenished. 
Effects of planting shell and seed include movements of relatively large boats and barges 
involved in those operations. This could interfere with recreational boating and fishing, but only 
briefly at individual locations designated for restoration and introduction.   


 
Expanded cultivation of oysters could adversely affect visual and aesthetic resources, 


depending on the mode of cultivation.  On-bottom cultivation of Eastern oysters under 
Combination 8a would have no direct effect on visual or aesthetic resources.  Operations to 
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cultivate the Eastern oyster as well as triploid Suminoe oysters under Combinations 8b and 8c 
would require the use of off-bottom cages, on-bottom bags, suspended bags, or floats.  Using off 
-bottom techniques for cultivation oysters (Eastern or Suminoe) would require marking the 
locations of cages or floats.  Off-bottom aquaculture could have significant adverse visual effects 
and could interfere with recreational boating and fishing; diminish opportunities for swimming; 
adversely affect wildlife viewing and waterfowl hunting; increase noise; and decrease the visual 
aesthetics of waterways.  It would produce little if any aesthetic benefits through associated 
ecological services, except through potential positive effects on local water quality. 


 
The benefits of increases in oyster abundance as a result of implementing any of the 


combinations would include visual benefits related to increases in the activity of skipjacks and 
watermen.  If fisheries resumed when the moratorium was lifted, resumption would help to 
support shucking houses and other shoreline facilities, provide potential benefits to recreational 
anglers and waterfowl hunters as a result of increased abundance of some species of fish and 
ducks, and create aesthetic benefits associated with local or tributary level improvements in 
water quality. 
 


4.8 HISTORIC AND ARCHEOLOGICAL RESOURCES 
 


The NEPA requirement to consider effects on historic and archeological resources is 
explained in Section 3.8, and the kinds of resources that might be affected are described in 
Section 3.8.3.  The historical context of the Chesapeake Bay is summarized in Appendix F.  The 
proposed action and alternatives could affect these recourses throughout the entire historical 
range of the Eastern oyster in the Chesapeake Bay as well as in the Bay’s tributaries and along its 
shorelines.  To date, no comprehensive survey of historic and archaeological resources of the 
Bay’s shoreline or floor has been attempted.  Sites are most commonly recorded as the result of 
small, isolated surveys and reports by local informants.  Information about the distribution of 
known sites, therefore, is biased and is not necessarily useful for predicting the location of other 
potential resources.  Consequently, predicting the effects of the proposed action and alternatives 
is challenging. 
 


While developing the Draft Chesapeake Bay Special Resource Study, the National Park 
Service (NPS) identified six kinds of historic and archaeological resources associated with the 
Bay that are believed to contribute to the national significance of the region:  (1) water-oriented 
settlement sites, (2) Chesapeake Bay vessels, (3) water-based transportation routes, (4) waterman 
fishing areas, (5) Bay-oriented agricultural landscapes, and (6) water-connected military sites.   
Examples of all six kinds have been identified and documented as archaeological sites in 
Maryland and Virginia.  


 
Currently, 806 submerged sites are recorded in Chesapeake Bay and its tidal regions, 


although as many as 5,000 are thought to exist (S. Langley, pers. comm., May 9, 2007).  Site 
data available for this PEIS did not include information about setting, distribution, or frequency 
of sites, which are details that would be required for any site-specific NEPA assessment.  
Surveys probably will be required if implementing an alternative would involve disturbing 
previously undisturbed areas that could harbor submerged and partially submerged prehistoric 
and historic resources spanning thousands of years of Chesapeake culture and history.  
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Investigations to be carried out prior to disturbing the shoreline or bottom should include site 
searches at MHT and VDHR to determine if previously recorded resources lie within the targeted 
areas; terrestrial and underwater archaeological surveys to discover if unrecorded sites exist in 
the targeted areas; and potentially, NRHP evaluation and data recovery at any sites that might be 
adversely affected by the action.   


 
Although several of the assessments of the proposed action and alternatives presented in 


this PEIS are based on assessment scenarios that define specific locations and activities, those 
assessment scenarios were developed only for the purpose of framing assessments; they do not 
represent recommendations or actual plans for implementing any of the alternatives.  Assess-
ments of potential effects on historic and archaeological resources are inherently site specific and 
cannot be performed comprehensively for an area as expansive as the whole of Chesapeake Bay; 
therefore, this description focuses on the potential modes of effect that might occur under each 
alternative and how they might differ among the alternatives.  The potential effects of 
rehabilitating existing oyster bars, constructing on-shore support facilities (e.g., hatcheries), 
harvesting, and increasing Bay traffic are considered specifically.  As noted in Section 3.8, 
dredging for shell to replenish existing oyster bars, an activity that has significant potential to 
adversely affect underwater cultural resources, has ceased in Maryland and was not considered in 
this evaluation of the potential effects of the proposed action or alternatives on historic and 
archaeological resources there.  Some dredging of buried shell does occur in Virginia, but on a 
limited scale. 
 


4.8.1 Proposed Action:  Introduce the Suminoe Oyster and Continue Efforts to 
Restore the Eastern Oyster 


 
According to the proposed action, Suminoe oyster spat would be planted on existing bars, 


and limited shell replenishment programs would continue at existing oyster bars (Section 4.1.2 
and Attachment 5 of Appendix A).  Some additional on-shore support facilities (e.g., a new 
hatchery) might be required, harvest would continue, and there might be some increase in boat 
traffic, both by oystermen as and by agencies conducting the introduction and restoration 
programs. 


 
Oyster bar rehabilitation according to the current level of effort to restore the Eastern 


oyster has minimal potential to affect historic and archaeological resources.  Existing oyster reefs 
can be considered part of a traditional cultural landscape associated with resources in the region.  
Under the proposed action, the only program that would alter or affect non-oyster bottom in the 
Bay would be the limited shell-dredging done by the State of Virginia, which because of its 
small scale, would have little potential to adverse affect historical resources.  All other activities 
expected under the proposed action would involve areas that have been harvested previously, 
they present little potential to affect historic and archaeological resources.  Placing non-shell 
substrates on existing oyster bars would have no effect, and collecting such substrates from 
outside the Bay proper would not be likely affect historic or archaeological resources.  A natural 
oyster reef may cover and essentially cap underlying resources. Enhancing such cover through 
replenishment might actually offer some level of protection from disturbance for underlying 
historic and archaeological resources.   
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Any new shoreline facilities required under the proposed action (e.g., a new hatchery) 
would have the potential, albeit small, to affect historic and archaeological resources.  A 
hatchery might occupy approximately five acres of shoreline, and any other support facilities 
(e.g., docks, ramps, outbuildings) would have moderate potential to affect terrestrial and 
intertidal resources.  A variety of resources have been documented along virtually the entire 
shoreline of the Bay.  Four of the six kinds of resources identified by the NPS (2003) are well 
represented among shoreline resources.  Recorded water-oriented settlement sites include 
prehistoric shell middens, lithic scatters, temporary camps, and permanent villages as well as 
historical artifact scatters/middens, dwellings and industrial sites typical of maritime com-
munities. Bay-oriented agricultural landscapes are recognized on the shoreline primarily as 
historic farmsteads and middens.  Archaeological sites associated with water-based transporta-
tion have also been recorded along the Bay shoreline.  This class of resources encompasses 
dams, canals, fords, and wharfs.  Water-connected military sites on the shoreline include 
earthworks and forts primarily associated with the War of 1812 and the Civil War.  Although 
some sites have been identified as specifically associated with waterman fishing areas (e.g., fish 
weirs on streams), resources of this kind are likely to be encompassed within other, more general 
categories.  Chesapeake Bay vessels are not found commonly along the shoreline.  An 
archaeological survey of all shoreline areas that would be altered as a result of constructing any 
shoreline facilities would be required to avoid or define a plan to mitigate potential effects.  


 
Because all areas in which oyster harvesting might occur under the proposed action are 


existing oyster bars where harvesting has occurred traditionally, the potential to affect 
underwater archeological resources is minimal.  Dredging for oysters would have the greatest 
potential effect because it could disturb any underlying and adjacent archaeological resources; 
however, oyster dredging practices disturb only the top two to three inches of shell.  Diver 
harvesting would have the least potential effect.  Although boat traffic on and around the Bay 
might increase (Section 4.7.1), increased traffic by itself is not likely to affect archaeological 
sites directly.  Increasing traffic, however, increases the chance that previously unknown 
archaeological sites will be encountered.  Greatly increased boat traffic could increase wave 
action, which might contribute to cumulative disturbance of submerged and shoreline resources; 
however, the level of increase expected to result from implementing the proposed action 
probably would be insufficient to produce this effect. 
 


4.8.2 Alternative 1:  No Action 
 


The modes of potential effect associated with Alternative 1 would be the same as 
described for the proposed action.  The potential magnitude of effect, however, would be much 
less because the scale of spat planting and shell replenishment would be substantially less, and 
no new shoreline facilities would be needed.  Historic and archaeological resources might be 
affected indirectly as a result of a decline in oystering under Alternative 1 (Section 4.6.1).  
Oyster-related shoreline facilities that may be historically significant (e.g., docks or buildings) 
could be subject to the threat of demolition and replacement with structures perceived to be of 
higher value.  Overall, negligible effects on historic and archaeological resources would be 
expected. 
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4.8.3 Alternative 2:  Enhance Restoration 
 


The modes of potential effect associated with Alternative 2 would be the same as under 
the proposed action and Alternative 1.  The magnitude of effect would be somewhat greater than 
for Alternative 1.  If managers’ assumptions regarding sufficient current hatchery capacity are 
correct, no new shoreline facilities would be required (Section 4.1.3). Although spat planting and 
shell replenishment actions would be greater than under Alternative 1, they would occur only on 
existing oyster bars.  Overall, negligible effects on historic and archaeological resources would 
be expected. 
 


4.8.4 Alternative 3:  Harvest Moratorium 
 


If a harvest moratorium is imposed, the degree of disturbance of the bottom due to 
harvest activities would be reduced significantly compared to levels expected for the proposed 
action and all other alternatives.  Similarly, boating activity by watermen would decrease.  
Eliminating the oyster industry, however, could contribute to exposing shoreline structures of 
historical significance to the threat of demolition, depending on the extent to which they rely on 
Chesapeake Bay oysters, as discussed for Alternative 1.  With that exception, the overall effects 
on historic and archaeological resources would be the least under this alternative. 
 


4.8.5 Alternative 4:  Cultivate Eastern Oysters 
 


Aquaculture alternatives have the greatest potential to adversely affect historic and 
archaeological resources.  Although the modes of affect would the same as for the proposed 
action and all the other alternatives, the potential magnitude of effects would be greater, 
depending on the ultimate size of the aquaculture industry, the method of aquaculture employed, 
its location, and the density of culture activities.   


 
A significant proportion of on-bottom cultivation of Eastern oysters probably would 


occur on existing oyster bars because regulatory constraints and costs would be less than for 
creating new hard bottom.  Using existing oyster bars would pose no greater threat to historic 
and archaeological resources than implementing Alternative 1 (i.e., No Action).  The assessment 
scenario for the aquaculture alternatives (Section 3.0 of Appendix C) identifies nine locations, 
six in Virginia and three in Maryland, as candidates for large-scale aquaculture operations. If 
those areas are typical of locations where aquaculture might be expanded (i.e., tributaries rich in 
natural resources), they are also examples of ideal locations for sites of prehistoric resource 
extraction and later, permanent settlements.  Prehistoric sites representing a range of time periods 
have been recorded along these river corridors and the Bay.  Europeans settled in similar areas 
early on to take advantage of fertile land and access to water.  Historically, these river corridors 
all were navigable to the fall line, so the potential for finding shipwrecks exists not only in the 
deep waters of the Chesapeake, but also within the river corridors.  The potential is great for a 
wide range of resources representing all six of the kinds identified by the NPS to exist in many 
possible aquaculture locations.  Submerged resources would be affected only if off-bottom 
aquaculture methods (e.g., floats, off-bottom cages) were employed or if shell or other hard 
materials were deposited to support on-bottom operations.  In such cases, anchors or other 
mooring structures, disturbances of the bottom when equipment is deployed or retrieved, or 
placement of new hard substrate could affect submerged resources.  Expanding the aquaculture 
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industry might require constructing more extensive shoreline facilities (e.g., hatcheries, docks) 
than would be needed to implement the other alternatives.  Expanding aquaculture would entail 
more extensive boat traffic, creating the potential for greater wave action and cumulative 
disturbance of submerged or shoreline resources.  Overall, potential effects on historic and 
archaeological resources expected under Alternative 4 would be greater than under the proposed 
action or the other non-aquaculture alternatives.   
 


4.8.6 Alternative 5:  Cultivate a Nonnative Oyster 
 


Although the magnitude of effects due to implementing Alternative 4 may be greater than 
the effects of implementing Alternative 5, the potential modes of effect associated with 
cultivating triploid Suminoe oysters would be the same as for Alternative 4, except that no on-
bottom culture would be permitted.  Although off-bottom cages must be deployed over hard 
bottom, they can be deployed over any hard substrate, not just beds of oyster shell.  Similarly, 
floats or suspended bags could be anchored in areas other than existing oyster beds.  This 
alternative, therefore, has greater potential to disturb previously undisturbed Bay bottom and 
greater potential to affect submerged resources than Alternative 4.  The potential to affect 
shoreline and terrestrial resources may be greater than for Alternative 4 if new hatcheries are 
required to produce triploid Suminoe oysters.  This alternative probably has the greatest potential 
of all the actions considered to adversely affect historic and archaeological resources; neverthe-
less, potential effects could be mitigated readily by evaluating candidate sites thoroughly and 
selecting those that avoid effects. 


  
4.8.7 Alternative 8:  Combination of Alternatives 


 
All three combinations include expanded cultivation of the Eastern oyster, which is the 


action with the greatest potential to adversely affect historic and archeological resources in the 
Bay. The assessment scenario for the aquaculture alternatives identified nine locations as 
candidates for large-scale aquaculture operations. These areas were ideal locations for sites of 
prehistoric resource extraction and later, permanent settlements.   


 
Including cultivation of triploid Suminoe oysters in Combinations 8b and 8c may reduce 


the spatial extent of aquaculture areas to less than the area required for Combination 8a but could 
require constructing new shoreline hatcheries, which would increase the potential for adverse 
effects.  An archaeological survey of all shoreline areas that would be altered as a result of 
constructing any shoreline facilities would be required.  Given that all planting and restoration 
activities involve areas that have been harvested previously, these activities would present little 
potential to affect historic and archaeological resources.  


 
Oyster harvesting under the combinations of alternatives would resume only after the 


temporary moratorium was lifted.  Fisheries probably would resume in traditional harvest areas 
and, therefore, would have minimal potential to affecting underwater archeological resources. 
Dredging for oysters would have the greatest potential effect; however, it would disturb only the 
top two to three inches of shell. Implementing any of the combinations might result in increased 
boat traffic from restoration activities as well as aquaculture maintenance, which could increase 
wave action.  Increased wave action might contribute to cumulative disturbance of submerged 
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and shoreline resources; however, the level of increase expected to result from the combinations 
probably would be insignificant. 


 
4.9 WETLANDS 


 
Wetlands are important ecological resources that improve and maintain water quality, 


reduce flood damage, and provide habitat for a wide variety of plants and animals, including 
many threatened and endangered species.  Section 3.9 presents a summary characterization of 
Chesapeake Bay’s wetlands.  The potentially affected ecosystem components and mechanisms of 
effect of the proposed action and alternatives within estuarine wetlands in the Bay region are as 
described in Sections 4.1, 4.2, and 4.3 of this PEIS.  In nearly all cases, effects would be indirect 
because oysters are not common members of wetlands biological communities in Chesapeake 
Bay; therefore, the magnitude of effects would be minimal in all cases. 


 
4.9.1 Proposed Action:  Introduce the Suminoe Oyster and Continue Efforts to 


Restore the Eastern Oyster  
 
The increase in oyster reef that might result if the proposed action were successful could 


have some beneficial effect on wetlands by reducing the erosive force of wave action at the 
margins of wetlands.  Local improvements in water clarity due to increased filtering by an 
abundant local oyster population could enhance the establishment and survival of SAV beds and 
provide ancillary benefits for wetlands plants (e.g., decreased shoreline erosion).  An 
unsuccessful introduction would not result in any such benefits. 


 
4.9.2 Alternative 1:  No Action 


 
Changes in Bay-wide oyster abundance projected for this alternative would be too limited 


to have any effect on wetlands.  
 


4.9.3 Alternative 2:  Enhance Restoration 
 
Changes in Bay-wide oyster abundance projected for this alternative would likely be too 


limited to have any effect on wetlands.  The larger increase in oyster abundance expected in low-
salinity areas could have some local beneficial effect by reducing the erosive force of wave 
action at the margins of wetlands, if three-dimensional oyster reefs were to become established.  
Water clarity could improve in local areas of high oyster abundance due to increased oyster 
filtering, which could enhance the establishment and survival of SAV beds and provide ancillary 
benefits for wetlands plants.   


 
4.9.4 Alternative 3:  Harvest Moratorium 


 
Changes in Bay-wide oyster abundance projected for this alternative would likely be too 


limited to have any effect on wetlands.  The larger increase in oyster abundance expected in low-
salinity areas could have some local beneficial effect by reducing the erosive force of wave 
action at the margins of wetlands, if three-dimensional oyster reefs were to become established.  
Water clarity could improve in local areas of high oyster abundance due to increased oyster 
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filtering, which could enhance the establishment and survival of SAV beds and provide ancillary 
benefits for wetlands plants.  


 
4.9.5 Alternative 4:  Cultivate Eastern Oysters 


 
Implementing Alternative 4 could affect wetlands adversely, if it requires construction of 


any shoreline facilities (e.g., hatcheries, boat docks).  If on-bottom culture is pursued, no 
significant indirect effects on wetlands would be likely.  Deployment of floats for culturing 
oysters near the surface could contribute to dampening wave action in restricted water bodies, 
which could reduce shoreline erosion of wetlands.  Oysters produced in aquaculture operations 
would contribute little if any wetlands benefits through associated ecological services, except for 
potential local improvements in water clarity due to enhanced water filtration in the vicinity of 
an operation. 


 
4.9.6 Alternative 5:  Cultivate a Nonnative Oyster 


 
Effects of this alternative would be the same as for Alternative 4, except that confined 


culture would be required.  The use of off-bottom cages would be unlikely to result in any 
indirect effects on wetlands.  If floats are used, they could contribute to dampening wave action 
in restricted water bodies, which could reduce shoreline erosion of wetlands.  Oysters produced 
in aquaculture operations would contribute little if any wetlands benefits through associated 
ecological services, except for potential local improvements in water clarity due to enhanced 
water filtration in the vicinity of an operation.  Given the faster growth rates of the Suminoe 
oyster, the local improvement in water clarity might be greater under this alternative than under 
Alternative 4, given the same concentration of oysters. 


 
4.9.7 Alternative 8:  Combination of Alternatives 


 
Increases in oyster reefs resulting from implementing an of the three combinations of 


alternatives could have beneficial effects on wetlands by reducing the erosive force of wave 
action.  Ancillary benefits for wetlands due to the establishment and survival of SAV beds could 
also accrue as a result of local improvements in water clarity resulting from increased oyster 
abundance.  Although on-bottom aquaculture probably would not result in significant indirect 
effects on wetlands, deployment of floats for culturing oysters near the surface could contribute 
to dampening wave action in restricted water bodies, which would reduce shoreline erosion.  
Given that the potential for positively affecting wetlands is related to increased oyster 
abundance, either directly through dampening of wave action or indirectly through 
improvements in water clarity, potential beneficial effects would be least significant under 
Combination 8a and most significant under Combination 8c. 


 
4.10 SANCTUARIES AND REFUGES 


 
Section 3.10 describes sanctuaries and refuges in Chesapeake Bay.  These preserved 


natural areas are diverse and encompass a wide variety of kinds of terrestrial and wetlands 
habitat.  Table 3-7 lists the components of the National Estuarine Research Reserve System 
(NERRS) located in Maryland and Virginia, and Figure 3-5 shows the locations of the 
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components.  Table 3-8 lists the National Wildlife Refuges (NWR) in Maryland and Virginia 
that encompass estuarine habitat suitable for oysters, and Figure 3-6 shows the locations of those 
refuges. Table 3-9 lists Virginia’s Natural Area Preserves (NAPs) that might be affected by 
actions arising from this PEIS and the natural heritage resources known to occur within them. 
The mechanisms of effect and potentially affected ecosystem components within the refuges are 
as described in Sections 4.1, 4.2,  4.3, and 4.4 of this PEIS. The distribution of existing oyster 
habitat throughout the Bay is not particularly concentrated in the vicinity of any sanctuary or 
refuge; therefore, the indirect effects of a change in the Bay-wide population of oysters would be 
dispersed and probably would be minimal at any single location.  
 


4.10.1 Proposed Action:  Introduce the Suminoe Oyster and Continue Efforts to 
Restore the Eastern Oyster  


 
The proposed action would have no effect on NERRS sites at Otter Point, Jug Bay, Sweet 


Hall Marsh, and Taskinas Creek because oysters would not become established in those 
freshwater habitats.  The proposed action could benefit the NERRS sites at Monie Bay, the 
Catlett Islands, and the Goodwin Islands by enhancing ecological services associated with 
oysters.  Increases in oyster abundance in all salinity zones probably would provide some 
minimal local improvements in water quality and clarity, as well as increased food and habitat 
that could benefit other species at these sites.  Refuges in higher salinity areas, such as 
Blackwater, Martin, and Plum Tree Island, could experience some positive effects due to the 
projected increase in oysters in those high-salinity zones.  An unsuccessful introduction would 
not result in any of these potential beneficial effects. 


 
4.10.2 Alternative 1:  No Action 


 
Changes in Bay-wide oyster abundance projected for this alternative would be too limited 


to have any effect on sanctuaries and refuges.  
 


4.10.3 Alternative 2:  Enhance Restoration 
 
The increase in oyster abundance projected for this alternative would be greatest in low-


salinity zones in Maryland.  Eastern Neck NWR, therefore, might experience positive indirect 
effects related a reduction in the erosive force of wave action associated with the presence of 
oyster reef and small local improvements in water clarity due to increased filtering by oysters.  
Such effects are likely to be dispersed and, therefore, to be minimal at any single location. 


 
4.10.4 Alternative 3:  Harvest Moratorium 


 
The increase in oyster abundance projected for this alternative would be greatest in low-


salinity zones in Maryland.  Eastern Neck NWR, therefore, might experience positive indirect 
effects related to a reduction in the erosive force of wave action associated with the presence of 
oyster reef and small local improvements in water clarity due to increased filtering by oysters.  
Such effects are likely to be dispersed and, therefore, to be minimal at any single location. 
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4.10.5 Alternative 4:  Cultivate Eastern Oysters 
 
An assessment scenario for distribution for a large-scale aquaculture industry for oysters 


in Chesapeake Bay was developed to facilitate the assessment of the effects of this alternative 
(Appendix C).  This assessment scenario assumes that most production would occur in Virginia 
waters.  Activities associated with implementing this alternative that might influence sanctuaries 
and refuges (e.g., regular boat traffic for maintaining aquaculture equipment, which could disturb 
wildlife) would have to occur in close proximity to a refuge or sanctuary to exert any influence.  
It seems unlikely that either Maryland or Virginia would permit concentrated aquaculture 
operations to be established in the vicinity of sanctuaries, refuges, or NAPs; consequently, this 
alternative would be unlikely to affect them. 


 
4.10.6 Alternative 5:  Cultivate a Nonnative Oyster 


 
The same assessment scenario used for Alternative 4 was assumed for this alternative.  


Activities associated with implementing Alternative 5 that might influence sanctuaries and 
refuges would have to occur in close proximity to a refuge or sanctuary to exert influence.  It 
seems unlikely that either Maryland or Virginia would permit concentrated aquaculture opera-
tions to be established in the vicinity of sanctuaries, refuges, or NAPs; consequently, this 
alternative would be unlikely to affect them. 
 


4.10.7   Alternative 8:  Combination of Alternatives 
 
If the proposed introduction of the Suminoe oyster were successful, Combination 8c 


could offer the greatest benefit to several NERRS sites by enhancing ecological services 
associated with oysters.  Implementing Combination 8a or 8b is expected to result in increasing  
oyster abundance in low-salinity waters; consequently, NERRS sites in those regions might 
experience positive indirect effects related to a reduction in wave action associated with the 
presence of oyster reefs and small local improvements in water clarity due to increased filtering 
by oysters. Aquaculture included in any of the combinations would not be likely to have an 
effect because it probably would not be permitted in the vicinity of sanctuaries and refuges.  


 
4.11 ENVIRONMENTAL JUSTICE 


 
NEPA requires Federal agencies to include an assessment of potential effects on minority 


and low-income communities among their analyses of proposed Federal actions.  Agencies are 
responsible for identifying and addressing, as appropriate, any disproportionately great and 
adverse effects of such proposed actions on the health of minority and low-income populations 
and their environments.  Results from recent anthropological fieldwork, which included partici-
pant observation and informal and formal interviews, suggest that no low-income or minority 
populations currently are significantly involved in harvesting oysters from the Bay.  Processing 
operations employ immigrant Hispanic workers to shuck oysters, but shucking houses in the Bay 
region depend heavily on imported oysters.  Although significant numbers of African-Americans 
historically were employed as commercial watermen and in shucking houses, today the few 
African-American watermen employed in the oyster industry are socially and economically 
similar to other watermen.  Based on a review of written sources and Web sites and informal 
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discussions at a Native American Festival on the Eastern Shore, Native Americans do not appear 
to be significantly involved in oystering or the oyster industry in the Bay region (Section 3.11).  
The effect of changes in Chesapeake Bay oyster harvests under any alternative, therefore, would 
be either minimal or beneficial. 


 
4.11.1 Proposed Action:  Introduce the Suminoe Oyster and Continue Efforts to 


Restore the  Eastern Oyster  
 
The oyster population and harvest in the Bay could increase substantially under the 


proposed action if the proposed introduction of the  Suminoe oyster were successful.  To the 
extent that minorities or low-income individuals are involved in oystering or in other 
components of the oyster industry, they would be positively affected by such an increase.  An 
expansion of oystering and ancillary business could provide additional employment opportunities 
for low-income and minority populations in areas of Maryland and Virginia where such activities 
are concentrated.  Improvements in water quality and habitat under this alternative would benefit 
all residents of the Bay area, regardless of minority or economic status.  Such potential benefits 
would not be realized if an introduction were unsuccessful, and consequences would then be 
similar to those under Alternative 1.     


 
4.11.2 Alternative 1:  No Action 


 
Although the oyster population could increase modestly under this alternative, a decline 


in oystering would be likely (Section 4.6.1).  Such a decline could adversely affect any low-
income and minority individuals presently involved in the industry; however, those demographic 
groups are not currently involved to a significant level, and they would not be disproportionately 
affected.  


 
4.11.3 Alternative 2:  Enhance Restoration 


 
The regional increase in oyster populations that may occur under this alternative would 


not minimize the decline in oystering anticipated under Alternative 1 because most of the 
increase would occur on bars that are protected from harvesting.  Any positive effect on low-
income and minority individuals presently involved in the industry would be limited.  
Improvements in water quality and habitat under this alternative would benefit all residents of 
the Bay area, regardless of minority or economic status.     


 
4.11.4 Alternative 3:  Harvest Moratorium 


 
A moratorium would affect watermen who harvest oysters but would not affect Hispanics 


employed in shucking houses because a significant proportion of the oysters currently being 
processed are imported from outside Chesapeake Bay.  Recent surveys suggest that no low-
income or minority populations are significantly involved in harvesting oysters from the Bay. 
This alternative, therefore, would not affect low-income or minority populations 
disproportionately.  Improvements in water quality and habitat under this alternative would 
benefit all residents of the Bay area, regardless of minority or economic status. 
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4.11.5 Alternative 4:  Cultivate Eastern Oysters 
 
Expanding aquaculture in the Bay using to the estimated maximum economically viable 


size would increase potential employment opportunities for low-income or minority populations 
in locations in which such an industry develops.  If the assessment scenario established for PEIS 
analyses were to be realized, such opportunities would be greater in Virginia than in Maryland.  
Although shucking operations currently rely on immigrant Hispanic workers, a large increase in 
the oyster industry could increase employment opportunities for low-income or minority workers 
in other demographic groups both in aquaculture operations and in processing operations.  
Improvements in water quality and habitat under this alternative would be local and limited; to 
the extent that they occurred they would benefit all demographic groups, regardless of minority 
or economic status.    


  
4.11.6 Alternative 5:  Cultivate a Nonnative Oyster 


 
Expanding aquaculture using the Suminoe oyster to the estimated maximum 


economically viable level of production (Appendix D) would have the same effect on low-
income or minority workers as would expanded aquaculture using the Eastern oyster.  
Employment opportunities for low-income and minority populations could increase in locations 
in which such an industry developed. If the assessment scenario established for PEIS analyses 
were to be realized, such opportunities would be greater in Virginia than in Maryland.  Although 
shucking operations currently rely on immigrant Hispanic workers, a large increase in the oyster 
industry could increase employment opportunities for low-income or minority workers in other 
demographic groups both in aquaculture operations and in processing operations.  The level of 
increase in employment opportunities under this alternative might be less than under Alternative 
4 because the spatial extent of aquaculture using the Suminoe oyster may be less than for Eastern 
oysters. Improvements in water quality and habitat under this alternative would be local and 
limited; to the extent that they occur, they would benefit  all demographic groups, regardless of 
minority or economic status.     
 


4.11.7 Alternative 8:  Combination of Alternatives 
 
 No low-income or minority populations currently are significantly involved in harvesting 
oysters in Chesapeake Bay. Migrant Hispanic workers are employed in the oyster processing 
industry, which depends largely on oysters imported from outside the Bay region.  Changes in 
harvest or processing volumes under any of the combinations would not influence environmental 
justice.  To the extent that a significant expansion of aquaculture, which is  included in all three 
combinations, would  result in increases in oyster harvesting or production, that increase could 
create opportunities for  greater participation by low-income or minority populations.   
 


4.12 AIR QUALITY 
 
Pollution in the air can affect the water quality and living resources of Chesapeake Bay, 


as described in Section 3.12. EPA has rated Washington, D.C., Northern Virginia, and several 
Maryland counties as severe non-attainment areas for ozone.  Maryland, Virginia, and the 
District are listed as maintenance areas for carbon monoxide. Air quality effects attributable to 
the proposed action or any of the alternatives would result from the use of trucks, boats and other 
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types of equipment.  The proposed action and alternatives may differ in the level of usage of 
such equipment.  The implementation plans developed for analysis of the potential outcomes of 
the proposed action and alternatives are merely representative and speculative; therefore, the 
numbers of vehicles and boats and the frequency of usage of those vehicles that might result 
from implementing any of the alternatives and the emissions that would be attributable to them 
cannot be estimated.  Given the relatively small scale of the oyster industry throughout the 
Chesapeake Bay region, the emissions attributable specifically to any of the actions would be 
likely to fall below the threshold at which a Clean Air Act conformity statement is required. For 
example, in a severe non-attainment area, any action that results in emissions of nitrogen oxides 
less than 25 tons per year would not require such a statement.  In the absence of quantitative 
emissions data, the assessments presented here can only characterize potential relative 
differences among the alternatives in the amounts of resultant air emissions.      


 
4.12.1 Proposed Action:  Introduce the Suminoe Oyster and Continue Efforts to 


Restore the Eastern Oyster 
 
Boat activity required for the introduction, restoration, and harvest activities included in 


the proposed action could contribute temporarily to greater air emissions in local areas (e.g., at a 
particular bar when boats, barges, and equipment are being used to plant spat or shell).  The 
magnitude of these emissions probably would be small in relation to the emissions of other 
mobile sources on water and land (e.g., large freighters and automobiles) and stationary sources 
in the region.   Sustained operations at one site, however, could result in temporary and local 
elevation of some air contaminants. Although it cannot be quantified, considering the kinds and 
amounts of emissions from trucks and boats that might be involved in implementing the 
proposed action suggests that the resulting increase in emissions would be below the threshold 
that requires a Clean Air Act conformity statement.   


 
4.12.2 Alternative 1:  No Action 


 
The air quality effects attributable to this alternative would be emissions from the 


operation of boats being used by watermen and from the operation of larger boats and dredging 
equipment that might be used in repletion activities.  Emissions under this alternative would be 
lower than those expected to result from implementing the proposed action and all alternatives 
except Alternative 3.  Although it cannot be quantified, considering the kinds and amounts of 
emissions from trucks and boats that might be involved in implementing Alternative 1 suggests 
that any resulting increase in emissions would be below the threshold that requires a Clean Air 
Act conformity statement.  


 
4.12.3 Alternative 2:  Enhance Restoration 


 
The increases in boat activity for increased repletion and restoration programs and 


potentially greater boating by watermen to harvest oysters would result in somewhat greater air 
emissions than expected for Alternative 1.  Although it cannot be quantified, considering the 
kinds and amounts of emissions from trucks and boats that might be involved in implementing 
Alternative 2 suggests that the resulting increase in emissions would be below the threshold that 
requires a Clean Air Act conformity statement.  
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4.12.4 Alternative 3:  Harvest Moratorium 
 
Alternative 3 could result in a very slight decrease in air emissions as a result of less boat 


activity by watermen, unless State or Federal agencies fund some kind of on-water work for 
watermen to compensate for the loss of oystering income.  In that case, there would be no net 
change in the level of emissions expected under Alternative 1.  Although it cannot be quantified, 
considering the kinds and amounts of emissions from trucks and boats that might be involved in 
implementing Alternative 3 suggests that the resulting increase in emissions would be below the 
threshold that requires a Clean Air Act conformity statement.  


 
4.12.5 Alternative 4:  Cultivate Eastern Oysters  


 
A slight local increase in emissions could occur in the vicinity of concentrated 


aquaculture operations as a result of an increase in boat and truck traffic needed to deploy, 
maintain, harvest, and transport oysters.  The rate of growth of the aquaculture industry and the 
location of its development cannot be predicted; therefore, the location and amounts of emissions 
increases are not predictable.  Although it cannot be quantified, considering the kinds and 
amounts of emissions from trucks and boats that might be involved in implementing Alternative 
4 suggests that the resulting increase in emissions would be below the threshold that requires a 
Clean Air Act conformity statement.  


 
4.12.6 Alternative 5:  Cultivate a Nonnative Oyster 


 
A slight local decrease in air quality could occur in the vicinity of concentrated 


aquaculture operations as a result of an increase in air emissions from boat and truck traffic 
needed to deploy, maintain, harvest, and transport oysters.  The rate of growth of the aquaculture 
industry and the location of its development cannot be predicted; therefore, the location and 
amounts of emissions increases are not predictable.  Although it be cannot quantified, 
considering the kinds and amounts of emissions from trucks and boats that might be involved in 
implementing Alternative 5 suggests that the resulting increase in emissions would be below the 
threshold that requires a Clean Air Act conformity statement.  


 
4.12.7 Alternative 8:  Combination of Alternatives 


 
Increase in emissions for the proposed action and each of the individual alternatives are 


considered to be unlikely to result in an increase in emissions that would exceed the threshold 
that requires a Clean Air Act conformity statement.  The effects on air quality of a combination 
of alternatives would be additive and, therefore, would increase total emissions.  Given the kinds 
and amounts of emissions expected from truck and boats, the combination of alternatives still 
would appear to be unlikely to produce emissions that would exceed the regulatory threshold for 
a conformity statement. 


 
4.13 PUBLIC SAFETY AND FOULING 


 
Oyster restoration in the Bay has limited potential to affect public safety.  Implementing 


the proposed action or alternatives probably would not affect typical public safety factors such as 
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emergency services, law enforcement, and fire protection.  Potential public safety issues 
identified in Section 3.13 that might be influenced by increasing the abundance of  oysters and 
oyster habitat in the Bay include the possibility of creating new navigational hazards; an increase 
in human health risk from consuming oysters that might contain contaminants; an increase in 
species associated with oysters that can be considered hazardous to man, such as stinging sea 
nettles; the increased potential for boating accidents due the increased activity of watermen, 
restoration activities, or both; and the possibility that Suminoe oysters would foul natural and 
artificial substrates. 
 


4.13.1 Proposed Action:  Introduce the Suminoe Oyster and Continue Efforts to 
Restore the Eastern Oyster 


 
The proposed action probably would have only a minimal effect on typical public safety 


factors such as emergency services, law enforcement, and fire protection.  Increased boating 
activity (e.g., barges) associated with planting oyster spat and shell would increase the chance of 
accidents between working boats and recreational boaters; however, the expected increase in 
such activities is unlikely to be sufficient to create significant additional risk.   
 


As discussed in Section 4.2.1, the Suminoe oyster is capable of building reefs and 
providing ecological services similar to those provided by the Eastern oyster.  If a population of 
Suminoe oysters becomes established, grows rapidly in the Bay, and creates three-dimensional 
oyster reefs, new reefs in shallow waters could create navigational hazards for recreational 
boaters.  Uncertainty about whether the projected rate of population growth would actually occur 
is high, and uncertainty about whether the Suminoe oyster would create reefs in Chesapeake Bay 
is moderate.  The likelihood that implementing the proposed action would pose a threat to the 
safety of recreational boaters, therefore, is uncertain.  An unsuccessful Suminoe oyster 
introduction would pose no threat to recreational boating. 
 


Oysters filter enormous volumes of water and can bioaccumulate toxins in their body 
tissues to concentrations considered dangerous for humans. If Suminoe oysters were to 


concentrate toxins or contaminants to a greater 
concentration than Eastern oysters typically do, introducing 
them to the Bay and into seafood markets in the region 
could increase the risk to human health.  In one study, 
depuration rates for triploid Suminoe oysters were evaluated 
by growing them in marine tanks spiked with 1.0 X 105 


transmissive stages of several human pathogens, including Cryptosporidium parvum oocysts, 
Giardia lamblia cysts, and microsporidian spores (Encephalitozoon intestinalis, Encephalitozoon 
hellem, and Enterocytozoon bieneusi).  These are waterborne pathogens of the human intestine 
that can sicken healthy people and kill people whose immune systems are suppressed (Graczyk 
et al. 1997; Weber et al. 2004).  Depuration rates were slowest at medium salinities (12 ppt) 
compared to low (8 ppt) and high (20 ppt) salinities.  Eastern oysters also retain waterborne 
pathogens (Fayer et al. 1998), but the residence time of C. parvum oocysts in the triploid 
Suminoe oysters (33 days) was almost 5 times longer than in Eastern oysters (7 days).   


 


Rates of uptake and depuration of 
waterborne pathogens by the Suminoe 
oyster in the Bay differ according to 
the pathogen.   







 


 
4-162 


A laboratory study by Bean et al. (2006) exposed Suminoe and Eastern oysters to E. coli 
cells and monitored for the presence of naturally occurring Vibrio species.  This study found that 
Eastern oysters bioaccumulated nearly an order of magnitude more E. coli than Suminoe oysters 
after 4 hours.  Suminoe oysters depurated E. coli significantly faster than Eastern oysters.  Post-
harvest decay rates of another pathogen, Vibrio sp., were significantly lower in Suminoe oysters 
than in Eastern oysters.  Reece and Kator (2006) carried out a series of studies to examine the 
uptake and elimination of indicators of fecal contamination and pathogens as well as Vibrio 
bacteria species in both Eastern and Suminoe oysters.  Triploid Suminoe and Eastern oysters 
were exposed to water from a sewage treatment plant that was naturally contaminated with fecal 
material.  Uptake of some contaminant indicators by Suminoe oysters was approximately twice 
that of Eastern oysters.  In one experiment, 62.5% (5 of 8) of Suminoe oysters were positive for 
indicators of fecal contamination, whereas 0% of Eastern oysters were positive 14 days 
following exposure.  In oysters collected at various locations in Maryland and Virginia, the 
bacterium Vibrio vulnificus was found in Suminoe oysters (100%, 56 of 56) as well as Eastern 
oysters (95%, 53 of 56) collected in Maryland and Virginia.  The bacterium V. parahaemolyticus 
was detected in 69.0% (20 of 29) of Suminoe oysters and in 65.8% (25 of 38) of Eastern oysters.  
No consistent differences were found between the species when they were monitored in the lab 
to characterize elimination rates.    Based on laboratory studies, Mitchelmore (2007) reported 
that Suminoe oysters took longer than Eastern oysters to depurate the bacterium E. coli , 
although both species’ levels  were below FDA levels for shellfish safety after three days in 
clean water.  Mitchelmore concluded that safety standards regarding shellfish harvest and 
growing developed for the Eastern oyster might have to be modified for application to the 
Suminoe oyster. 


 
Nappier et al. (2008) conducted laboratory studies of the rates of bioaccumulation, 


retention, and depuration of viruses (hepatitis A, poliovirus, male-specific bacteriophage, and 
murine norovirus) among Suminoe and Eastern oysters.  The study revealed that both species 
bioaccumulate and retain enteric viruses and that depuration was ineffective for removing viral 
pathogens.  The study also found that Suminoe oysters retained viral pathogens longer and 
eliminated them slower than Eastern oysters did.  Suminoe oysters had a statistically greater 
probability of harboring viruses during the test period.  The authors concluded that the Suminoe 
oyster could present a public health risk for consumers of oysters if it is introduced to the wild.  
In response to the findings of Nappier et al. (2008), the Maryland Department of Environment 
noted that its system for classifying waters as part of the National Shellfish Sanitation Program 
would preclude  harvest and cultivation of shellfish  in waters bearing the concentrations of 
pathogens used in the study (MDE 2008).  MDE concluded, therefore, that the Suminoe oyster 
would pose no greater  health risk to the public  than any other shellfish.   


 
Suminoe oysters appear to bioaccumulate zinc faster than Eastern oysters, although no 


rigorous studies of that phenomenon have been conducted (C. Mitchelmore, UMCES, CBL, pers. 
comm.).  If species differences of this nature are documented for contaminants that pose a threat 
to human health and for the parameters used to close waters to shellfish harvesting (e.g., coliform 
bacteria), the criteria for safely harvesting Suminoe oysters might have to be revised to more 
restrictive levels than are in effect presently for harvesting Eastern oysters. Such management 
changes would not preclude the harvest and sale of a well-monitored population of Suminoe 
oysters. 
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Another way in which successfully introducing the Suminoe oyster could affect  human 
health is related to the species’ shorter shelf life  (Section 4.6.2.1).  If the Suminoe oyster were to 
become established in Chesapeake Bay, mixed harvests of the two species of  would be likely.  
Handling procedures used in fisheries for the Eastern oyster are based on its ability to be out of 
the water for an extended period before gaping, but Suminoe oysters gape after much shorter 
periods out of the water. Harvesters might be unable to visually distinguish between the two 
species in mixed harvests.  Suminoe oysters in mixed harvests could gape, die, and become 
contaminated with bacteria without being detected, resulting in a potential health risk when the 
mixed harvest is sold or processed. 


 
A substantial increase in the Bay-wide oyster population resulting from implementing the 


proposed action could produce an increase in the area of shell-covered hard bottom that provides 
habitat for reproduction of stinging sea nettles.  The resulting increased abundance of nettles 
would be more a nuisance to swimmers than a threat to their safety.  Even though the nettle's 
sting can cause discomfort, it is not potent enough to kill a person, except by allergic reaction 


 
Because oysters settle on hard surfaces, they have the potential to be fouling organisms, 


(i.e., to settle and grow on surfaces where their presence may inconvenience people or impair the 
function of the surface).  Concern about the Suminoe oyster becoming a fouling organism is high 
because of the problems caused by other nonnative species, such as the zebra mussel and a small 
clam, Corbicula.  These species have grown in massive aggregations on manmade structures 
such as intakes for drinking water supplies and for cooling water at power plants, clogging the 
structures and significantly reducing flow through them. Such intakes usually have high water 
flow, which ensures great availability of food for filter feeders; therefore, they support maximum 
population growth.  Suminoe oysters cannot survive in fresh water; consequently, they will not 
foul drinking water intakes in Chesapeake Bay.  Many steam electric-generating stations on 
Chesapeake Bay, however, are located in oligohaline and mesohaline areas in which Suminoe 
oysters might thrive.  If an increased oyster population results in significant fouling of cooling 
water intakes at power plants, it could affect their capability to generate electricity for residents 
of the Bay watershed.  Also, if Suminoe oysters preferentially settle on hard structures other than 
oyster shell, they could create a nuisance by fouling surfaces such as boat hulls or pier pilings.  A 
review of literature about fouling by other oyster species throughout the world is useful for 
evaluating the potential for the Suminoe oyster to become a fouling organism. 


 
Although rare, fouling by oysters has been reported in some locations.  For example, 


Indian backwater oysters (Crassostrea madrasensis) routinely clog coolant pipes at the Madras 
nuclear power station in India and must be removed by chemical treatment (Masilamoni et al. 
1997; Rajagopal et al. 2003).  Nonnative Pacific oysters, which were introduced into the North 
Sea unintentionally during the 1960s, have become a fouling nuisance recently at several power 
plants in the Wadden Sea, Netherlands (Jenner et al. 2004).  A secondary problem may occur 
where oysters live near intakes or are chemically controlled if the shells of dead oysters are 
swept into power plants.  The Brunswick nuclear power plant in North Carolina was closed 
temporarily in 1981 when shells of Eastern oysters growing on a water intake pipe were swept 
into the plant and caused a baffle to fail (U.S. Nuclear Regulatory Commission 1981).  Shells of 
oysters killed by chemical treatment also sometimes detach and clog tubes or sieves at power 
stations in Western Europe (Jenner et al. 1998).   
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Despite these examples, severe fouling of power plants by oysters appears to be 
uncommon.  Oysters occur in waters used to cool power plants along coasts worldwide, yet a 
search of the scientific literature using several computerized databases (i.e., Aquatic Sciences 
and Fisheries Abstracts, BIOSIS, Science Citation Index, and Web of Science) and a general 
search of the World Wide Web using Google revealed only a few examples of severe fouling.  A 
similar search revealed thousands of references to fouling damage caused by other invasive 
mollusks, such as the zebra mussel.  In Chesapeake Bay, Eastern oysters have been found 
occasionally on power plant intake structures in Maryland but have never caused a significant 
fouling problem, even during years of high spatfall (T. Ringger, Constellation Energy Group, 
pers. comm.).   


 
The conditions that promote fouling by oysters have not been investigated systematically 


but appear to be related to habitat characteristics that support productive populations very near 
water intakes.  A suite of environmental parameters including salinity, temperature, dissolved 
oxygen, food, sediment, and pollutant levels influences the survival and reproduction of oysters.  
None of these factors is characteristically unsuitable for oysters near most power plants; 
however,  the fact that oysters often are found in small numbers but do not usually proliferate in 
intakes (e.g., Jenner et al. 1998) suggests that one or more limiting factors make the habitat 
marginal.  That is, survival is possible but growth and reproduction may be limited because the 
habitat near power plants is, for some reason, at the edge of most oyster species' ecological 
niches.  Local demographics are particularly important for oyster colonization because adults do 
not move after cementing themselves to the substrate (Yonge and Thompson 1976).  Oysters 
must be available from a nearby population to colonize any water intake, and no barriers that 
would prevent larvae from surviving can separate the source population from the intake.  Pacific 
oysters that are fouling intakes at power plants in the Wadden Sea (Jenner et al. 2004) probably 
come from productive populations on nearby mussel beds and sea walls (Reise 1998; Wehrmann 
et al. 2000).  Some of the reported cases of biofouling by oysters may be explained by unique 
conditions that promoted oyster colonization and survival nearby.  For example, Moazzam and 
Rizvi (1983; cited in Zhou and Allen 2003) suggested that the jinjiang oyster (C. rivularis) 
occurs in the cooling system of a power plant in Pakistan because manmade structures around 
the plant created habitat that is similar to the species’ natural backwater environment.  These 
examples demonstrate that oysters have the potential to create a fouling problem under certain 
conditions.    


 
Oyster species that prefer shallow habitat may be more likely to cause fouling problems 


than those that prefer deeper areas farther from the shore.  European flat oysters (Ostrea edulus), 
which occurred in the subtidal zone, did not cause fouling problems in the Wadden Sea, even 
before their population declined during the 1960s.  Furthermore, no cases of fouling by oysters 
of the genus Ostrea have been reported world-wide.  Pacific oysters (C. gigas), which now cause 
fouling in the Wadden Sea, occupy shallower subtidal and intertidal areas (Reise 1998).  Other 
species that have been reported to cause fouling, such as Indian backwater oysters and jinjiang 
oysters, also tend to use shallow subtidal areas (Rajagopal et al. 2003; Zhou and Allen 2003).  
Eastern oyster reefs occurred historically in both intertidal and subtidal areas (Kennedy and 
Sanford 1999) but have not generally caused serious fouling problems.  Pacific oysters have not 
been reported to cause serious fouling problems in their native range.  A preference for inshore 
areas closer to intake and effluent pipes probably increases the likelihood that a species would 
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cause fouling problems, but the effect is apparently overwhelmed by other factors that control 
fouling in most areas.   


 
Regarding the proposed action, the key question is whether the Suminoe oyster would 


pose a greater risk of fouling than the native Eastern oyster.  Results of studies of the substrate 
preferences of Suminoe and Eastern oysters are discussed in Section 4.2.1.4. In laboratory 
studies, both species showed a 1- to 2.5-times greater 
preference for natural substrates such as shell and granite 
than for manmade substrates such as PVC, fiberglass, and 
steel.  The absence of sediment and the presence of a 
biofilm on a natural substrate at least doubled the rate of 
settlement for both species in most instances.  Suminoe 
oysters appear to be 2 to10 times more likely than Eastern oysters to settle on manmade 
substrates (e.g., PVC and fiberglass); therefore, Suminoe oysters might adhere to surfaces like 
boat bottoms more frequently than the native species.  This suggests some chance that the 
Suminoe oyster would cause fouling; however, the species’ strong preference for natural 
substrates suggests that it is unlikely to become a significant fouling nuisance.  There are no 
records of the Suminoe oyster causing fouling problems in its native range.   


 
4.13.2 Alternative 1:  No Action 


 
No effects on public safety and fouling have resulted from the current restoration 


programs, which would continue under this alternative.  The one incident described in Section 
3.13, in which the construction of an artificial reef in Maryland resulted in creation of a hazard 
for recreational boating was not specifically part of standard oyster habitat rehabilitation 
program. 


 
4.13.3 Alternative 2:  Enhance Restoration 


 
Implementing this alternative would have no effect on typical public safety factors such 


as emergency services, law enforcement, and fire protection.  Boating activity (e.g., barges) 
associated with planting spat and shell would increase the potential for accidents between 
working boats and recreational boaters, and the level of activity would be somewhat greater than 
under Alternative 1.  The increase in working activity, however, would be insufficient to create 
significant additional risk.  Implementing this alternative would not increase risks for human 
health or fouling.  The oyster population growth projected for this alternative would be unlikely 
to result in the creation of new three-dimensional reefs that would pose hazards for recreational 
boating.   
 


4.13.4 Alternative 3:  Harvest Moratorium 
 
Implementing this alternative would have no effect on typical public safety factors such 


as emergency services, law enforcement, and fire protection.  The absence of the oyster harvest 
would slightly reduce the potential for accidents between working boats and recreational boaters.  
Implementing this alternative would not increase risks for human health or fouling.  The oyster 


The Suminoe oyster’s strong 
preference for setting on natural 
substrates suggests that it is unlikely 
to become a significant fouling 
nuisance. 
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population growth projected for this alternative would be unlikely to result in the creation of new 
three-dimensional reefs that would pose hazards for recreational boating.   


 
4.13.5 Alternative 4:  Cultivate Eastern Oysters 


 
The demand for typical public safety support such as emergency services, law 


enforcement, and fire protection might increase if a large-scale aquaculture industry develops 
and that industry requires a significant expansion of infrastructure and an increase in the number 
of employees involved in the business.  Increased boat and truck activity for deploying, 
maintaining, harvesting, and transporting cultivated oysters might increase the risk of accidents.  
Implementing this alternative would not increase risks for human health or fouling. If off-bottom 
culture methods (e.g., floats) are employed, surface structures could increase the risk of boating 
accidents.  On-bottom culture would increase the amount of hard substrate, which might 
contribute to an increase in stinging sea nettles.   


 
4.13.6 Alternative 5:  Cultivate a Nonnative Oyster 


 
Implementing this alternative might affect typical public safety factors such as emer-


gency services, law enforcement, and fire protection if a large-scale aquaculture industry 
develops and that industry requires significant infrastructure and a large number of employees.  
Increased boat and truck activity for deploying, maintaining, harvesting, and transporting 
cultivated oysters might increase the risk of accidents.  Although Suminoe oysters may 
bioaccumulate and retain some contaminants that pose risks for human health to greater a degree 
than Eastern oysters do, the potential for increased risk is likely to be small because both 
Virginia and Maryland require routine water quality monitoring at aquaculture operations, and 
oysters cultured in contaminated waters must be depurated and tested before being sold.  
Regulations governing the cultivation and sale of Suminoe oysters might have to be modified to 
ensure minimal risk.  Implementing this alternative would require using confined, off-bottom 
culture methods (e.g., floats, off-bottom cages) to minimize the risk of an unintentional 
introduction; structures associated with those methods would increase the risk of boating 
accidents.  Despite the use of confined methods, cultivating triploid Suminoe oysters could result 
in the establishment of a diploid population at large in the Bay (Section 4.1.6).  If such a 
population were to become established, its presence would create a slight risk of fouling, as 
discussed for the proposed action (Section 4.13.1)   


 
4.13.7 Alternative 8:  Combination of Alternatives 


 
 The magnitude of the increased in risks for public safety and fouling would differ among 
the three combinations. In general, the minimal risks described for the proposed action and 
alternatives individually would be additive in the combinations; therefore, levels that might 
constitute minimal risk individually might cumulatively rise to a level of significance.  
Cultivating triploid Suminoe oysters probably would require less area and less deployment of 
oysters than cultivating Eastern oyster, risks to public safety may be less under alternatives 8b 
and 8c than under 8a.  Combination 8c, which includes introducing diploid Suminoe oysters, 
would pose the greatest risk for fouling.  Combination 8b, which involves triploid Suminoe 
oysters, also poses such a risk. 
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4.14 COMMERCIAL NAVIGATION 
 
Major shipping ports in Chesapeake Bay are located in the lower Bay (Norfolk, Newport 


News, and Front Royal) and in the upper Bay (Port of Baltimore).  Thousands of commercial 
ships travel throughout the length of the Chesapeake Bay each year, but their routes of 
movement are limited to dredged shipping channels where there is no oyster habitat.  Oyster 
reefs, whether developed naturally or created artificially, could become navigation hazards for 
shallow-draft commercial vessels transiting small inlets and tributaries in the Bay.   


 
4.14.1 Proposed Action:  Introduce the Suminoe Oyster and Continue Efforts to 


Restore the Eastern Oyster 
 
Boating activity (e.g., barges) associated with planting oyster spat and shell might create 


the potential for accidents with commercial ships.  Planting activities, however, would occur 
almost entirely outside of commercial shipping lanes, even the small tributary routes, and the 
increase in such activities would be insufficient to create significant additional risk. 


 
If a population of Suminoe oysters becomes established, grows rapidly in the Bay, and 


creates three-dimensional oyster reefs, new reefs in shallow waters could create navigational 
hazards for any shallow-draft commercial vessels that transit small inlets and tributaries in the 
Bay (e.g., small fuel tankers delivering to Bay island communities).  Uncertainty about whether 
the projected rate of population growth would actually occur is high, and uncertainty about 
whether the Suminoe oyster would create reefs in Chesapeake Bay is moderate.  The likelihood 
that implementing the proposed action would pose a threat to the safety of shallow-draft 
commercial vessels, therefore, is uncertain. The risk of new disease organisms discharged into 
the Bay from ballast water becoming established because of the presence of the Suminoe oyster 
is considered minimal (Section 4.2.3 of Appendix B).  


 
4.14.2 Alternative 1:  No Action 


 
There are no records documenting any effects of current oyster restoration programs of 


the type that would continue under this alternative on commercial navigation.   
 


4.14.3 Alternative 2:  Enhance Restoration 
 
Boating activity (e.g., barges) associated with increased planting of oyster spat and shell 


might cause a slight increase in the risk of accidents between working vessels and commercial 
vessels. Planting activities would occur almost entirely out of commercial shipping lanes, even 
the small tributary routes, and the increase in such activities would not be insufficient to create 
significant additional risk.  The growth of the oyster population projected for this alternative 
would be unlikely to result in creation of three-dimensional reefs that would pose a threat to 
commercial navigation. 
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4.14.4 Alternative 3:  Harvest Moratorium 
 
A slight decrease in boating activity associated with cessation of the oyster harvest would 


slightly decrease the risk of accidents between working vessels and commercial vessels. The 
growth of the oyster population projected for this alternative would be unlikely to result in 
creation of three-dimensional reefs that would pose a threat to commercial navigation. 


 
4.14.5 Alternative 4:  Cultivate Eastern Oysters 


 
Implementing Alternative 4 would have no effect on commercial navigation to and from 


the Port of Baltimore or Virginia.  Aquaculture facilities and activities could pose navigation 
hazards for shallow-draft commercial vessels transiting small inlets and tributaries in the Bay, 
depending on the sites of new or expanded aquaculture operations.   


 
4.14.6 Alternative 5:  Cultivate a Nonnative Oyster 


 
Implementing Alternative 5 would have no effect on commercial navigation to and from 


the Port of Baltimore or Virginia.  Confined aquaculture of triploid Suminoe oysters in cages 
near the bottom or in surface floats could pose navigation hazards for shallow-draft commercial 
vessels transiting small inlets and tributaries in the Bay. 


 
4.14.7 Alternative 8:  Combination of Alternatives 


 
The minimal potential for conflicts with commercial navigation expected to result from 


implementing the proposed action or alternatives individually suggests that none of the 
combinations of alternatives would result in any significant risk for commercial navigation. 


 
4.15 POTENTIALLY AFFECTED RESOURCES OUTSIDE OF CHESAPEAKE 


BAY 
 


4.15.1 Proposed Action:  Introduce the Suminoe Oyster and Continue Efforts to 
Restore the Eastern Oyster 


 
Once a nonnative species is introduced, the possibility that the species will spread beyond 


the point of entry is a concern.  The ability of a nonnative oyster to spread would depend upon 
many factors including the availability of habitat, hydrodynamic patterns, settlement behaviors, 
and the species’ range of tolerance for chemical, physical, and biological variables.  According 
to the NRC (2004), if a reproductively viable population of the Suminoe oyster becomes 
established in the Chesapeake Bay, it is highly likely to spread beyond the Bay.  Modes of 
dispersal include natural mechanisms of larval dispersal, ship traffic, and deliberate translocation 
by humans. 


 
Hydrodynamic regimes (advection and turbulence) and species-specific vertical 


swimming behavior would influence the spread of Suminoe oysters by means of larval transport 
(North et al. 2006).  Laboratory studies have demonstrated that Suminoe oyster larvae tend to 
swim toward the bottom and remain there, where, in Chesapeake Bay, they would be subjected 
to more landward water flows (Newell et al. 2005) and more up-Bay bottom flows.  A coupled 
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hydrodynamic and larval transport model for Suminoe oysters in Chesapeake Bay predicted that 
larvae would be more likely to be retained within the basin in which they were produced than to 
be transported to a different basin because of their vertical position in the water column and the 
typical patterns of flow within the Bay (North et al. 2006).  Such behavior could reduce the 
probability that Suminoe oyster larvae would be transported out of the Bay; however, the model 
was not designed to quantify such probabilities. 


 
Humans could disperse Suminoe oysters to other estuaries.  People could transport 


Suminoe unintentionally as fouling organisms on the hulls of boats or as larvae in ballast water.  
Interested parties also could purposefully transport Suminoe oysters or larvae to other estuaries.  
This scenario of a “rogue” introduction would be particularly likely if the Suminoe oyster were 
to become established rapidly and increase throughout the Bay.   


 
The rate and direction of dispersal would depend on many environmental factors, both 


physical and biological.  Available research and discussions with researchers suggest that the 
Suminoe oyster is more likely to succeed in areas to the north of Chesapeake Bay than in areas to 
the south due, in part, to the distribution of suitable environments for settlement and growth.  
Intertidal environments, which do not appear to be favorable for Suminoe oysters, constitute 
much of the oyster habitat south of Chesapeake Bay.  North of the Bay, Eastern oysters are found 
predominantly in subtidal areas, which appear to be more suitable habitat for Suminoe oysters. 
Researchers have suggested that the Suminoe oyster’s ability to thrive in polyhaline waters along 
the coast may be limited by disease because of the species’ vulnerability to Bonamia at high 
salinities.  


 
Once it entered Atlantic coastal waters, the potential range of the Suminoe oyster would 


be a function of its environmental tolerances and habitat requirements.  Scarpa et al. (2008) 
showed that in a subtropical environment (17-29ºC and salinity 27-35 ppt), 1- to 2-year old 
diploid Suminoe oysters (2004 cohort) had an instantaneous growth rate similar to that of Eastern 
oysters from January through March but in December, the instantaneous growth rate of Eastern 
oysters was about 3 times greater than for Suminoe oysters.  The authors did not offer an 
explanation for this difference.  Absolute mortality rates for the 2004 cohort were greater for 
Suminoe oysters (100%) than for Eastern oysters (72.6%) after 8 months; similar relative 
patterns were observed for the 2006 cohort.  Although the data are limited, they suggest that 
Suminoe oysters might not compete strongly with Eastern oysters in subtropical areas of the 
United States.  Preliminary evidence has indicated that the Suminoe oyster and the Eastern oyster 
are both capable of growing and spawning within a wide range of salinity (5 to 35 ppt).  An early 
study (Langdon and Robinson 1996) found a strong relationship between salinity and the success 
of settlement among Suminoe oyster larvae (i.e., no successful settlement at 35 ppt, 3% success 
at 30 ppt, 11% success at 25 ppt, 23% success at 20 ppt, and 27% at 15 ppt).  More recent studies 
of the effect of salinity on larval settlement (Zohar et al. 2006) were unsuccessful and provided 
no additional information.  If the rate of successful settlement of Suminoe oyster larvae is low at 
high salinities, that response would contribute to constraining the species’ spread and slowing its 
rate of dispersal out of the Bay.  Minimum temperatures in the Suminoe oyster’s native range 
drop to about 14ºC.  Eastern oysters can be found in waters as cold as -2ºC.  The higher 
minimum temperature in the Suminoe oyster’s native range suggests that low temperatures might 
limit the northern expansion of the Suminoe oyster along the Atlantic coast; however, triploid 
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and diploid Suminoe oysters used in experiments in the Bay have been maintained at 
temperatures as low as 2ºC (Newel et al 2007b; Calvo et al 2001; Paynter et al. 2007).   Although 
insufficient dissolved oxygen could limit habitat available to the Suminoe oyster in Chesapeake 
Bay (see discussion in Section 4.1.1.2), oxygen would not be a limiting factor in estuaries where 
hypoxia and anoxia are rare, such as Delaware Bay.  If such estuaries meet the other 
environmental requirements of the Suminoe oyster, they would offer more favorable habitat than 
Chesapeake Bay.  


 
The areas outside Chesapeake Bay that might support the Suminoe oyster include most of 


the areas that currently support the Eastern oyster.  Eastern oysters occur in every major bay 
system along the Atlantic coast from the Gulf of St. Lawrence, Canada, through the Gulf of 
Mexico, and into the West Indies (Figure 3-8).  The native range of the Suminoe oyster spans a 
broad range from Korea to Vietnam (41 N to 20 N); the latitude of its native range corresponds 
to the area between Connecticut and the Yucatan Peninsula, Mexico.     
 


The likelihood that Suminoe oysters would compete with Eastern oysters in areas outside 
of Chesapeake Bay would be a function of the nonnative species’ ability to become established 
in existing oyster habitat and to develop reefs.  At low numbers of adults within an area (relative 
to the Eastern oyster), Suminoe oysters would be at a competitive disadvantage due to the 
phenomenon of gamete sink (Section 4.2.2.3 of Appendix B).  The ERA concludes overall that 
although the two oyster species would compete, they would be able to co-exist in suitable 
environments.  The form of that coexistence could range widely from single species only in some 
locations, mixed-species reefs with one dominant species, or mixed-species reefs with both 
species abundant (Section 4.2.1 of Appendix B).  For the purpose of this assessment, the 
Suminoe oyster is assumed to be established in Chesapeake Bay and to expand outside the Bay 
into all suitable habitats along the coast.  Suminoe oysters would interact with potential receptor 
species that represent the components of other coastal ecosystems in the same ways that they 
interact with representatives of comparable components of the ecosystem of Chesapeake Bay.  
The kinds of interactions expected are described in the ERA (Sections 2.3 and 2.4 of Appendix 
B) and summarized in Table 4-1.   


 
Direct mechanisms of effect are those in which a receptor is affected directly by the size 


(abundance or biomass), spatial distribution, or characteristics of the oyster population.  Direct 
receptors compete for the same space of food as oysters or depend on oysters or oyster reefs for 
successful completion of their life cycles.  Direct receptors can be categorized by their ecological 
roles.  Indirect receptors are species that do not compete directly with oysters for food, but might 
be affected if one or more of their forage species was influenced by changes in oyster 
populations.  Species connected by more than one trophic link are considered to be affected 
through indirect mechanisms.  The types of interactions and effects summarized here are 
described in more detail in Section 2.3 and 2.4 of the ERA (Appendix B). 


 
Benthic Hard-bottom Receptors – The Eastern oyster is an important component of hard-


bottom habitats throughout the mid-Atlantic, Gulf of Maine, Southeast, and Gulf of Mexico and, 
therefore, is an appropriate representative species for hard-bottom habitats in all four geographic 
regions.  The risk that the Suminoe oyster would interact and compete with the Eastern oyster is 
moderate to high (Section 4.2.2 of Appendix B).  The Eastern oyster might have an ecological 
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advantage at the northern and southern extents of its range.  In areas where habitat is suitable for 
both species, the two species could occur together because they are likely to be able to coexist 
within a reef. The fast-growing Suminoe oyster could produce shell for colonization by spat of 
both species, as it does in its native range.  In subtropical and temperate-subtropical regions of 
the Southeast and Gulf of Mexico, hard-bottom communities also include hard corals, soft corals, 
and sponges (Danek and Lewbel 1983).  Functioning hard-bottom reefs provide and maintain 
habitat for numerous other epifaunal species, including barnacles, mussels, encrusting bryozoans, 
and sponges.  To the extent that Suminoe oysters populate and are able to sustain themselves in 
those environments, they could contribute substrate for other hard-bottom species; however, the 
oysters’ own requirement for hard substrate for settling could result in some competition with 
other epifaunal species.  Competition of this nature has been recorded in the Wadden Sea, where 
the nonnative Pacific oyster has shown a tendency to settle on the shells of a native mussel, and 
the oyster population has expanded to overwhelm mussel beds; however,  recruitment failure 
also may have played a significant role in the decline of the native mussel (Büttger et al. 2008).    
The Pacific oyster appears to have a particular combination of characteristics that enhances its 
potential to become an invasive nuisance in some environments (e.g., the tendency to settle on 
the shells of other shellfish species and prosper in intertidal areas; hard shell that is resistant to 
predators).  The Suminoe oyster shares some but not all of those characteristics (e.g., it is not 
expected to form large reef systems outside of historical hard-bottom areas; its thin shell makes it 
more vulnerable to predation), suggesting that it is less likely to develop in a similar manner 
(Section 4.2.4 of Appendix B).   


 
Benthic Soft-bottom Receptors – Two species of soft-bottom benthos that are considered 


receptor species in Chesapeake Bay are found throughout the other major regions of the eastern 
United States: the hard clam (M. mercenaria), found in higher salinities, and the Baltic clam 
(M. balthica), found in lower salinities. The two species occupy different salinity regimes that 
cover the range of salinities in which both species of oysters occur.  Both soft-bottom receptors 
are filter-feeding infauna (i.e., species that live completely or mostly buried within the bottom 
sediment).  In the Gulf of Maine, the Atlantic bay scallop (Argopecten irradians) is a 
comparable, representative soft-bottom species for high-salinity areas; however, the extent to 
which the habitats of the scallop and oyster overlap would be minimal.  The major potential 
mechanism for the Suminoe oyster to interact with benthic soft-bottom species is through 
competition for food and space.  Suminoe oysters are unlikely to compete for space with soft-
bottom receptors because Suminoe oysters prefer to settle and grow on existing oyster shell and 
other hard substrate.  Competition for food between oysters and clams or other filter feeders 
could result in a reduction in the abundance of clams or scallops, at least locally, if a substantial 
population of Suminoe oysters became established in any restricted location.  The likelihood that 
oyster populations of such size would develop is not known.   


 
Predatory Macrobenthic Invertebrates – Blue crab is a common oyster predator 


throughout the mid-Atlantic, Southeast, Gulf of Maine, and Gulf of Mexico.  Blue crabs are 
opportunistic predators, exploiting prey species of the most common sizes in each of the habitats 
they visit.  Although adult oysters are too large for blue crabs to open and prey upon, crabs feed 
readily and opportunistically on juvenile oysters.  Oysters attain a partial refuge from predation 
at low densities, but predation by blue crabs might increase with increasing oyster abundance.  
Given the thinner shell of the Suminoe oyster, predation by blue crabs and other invertebrates 
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with shell-crushing capability (e.g., lobsters in northern waters) could constrain its expansion 
through coastal waters.  Conversely, an expanding population of Suminoe oysters could provide 
more food for such predators.  Changes in the community structure and population density of 
predators and prey species resulting from complex interactions with introduced species can have 
cascading trophic effects that can alter the structure of an ecosystem. In addition to increasing the 
food supply for crabs and other oyster predators, an increasing oyster population might indirectly 
enhance some species by increasing the availability of refuge habitat, such as for juvenile crabs.  
An increase in the abundance of SAV resulting from increased filtration of water in confined 
estuaries by an expanding stock of Suminoe oysters could enhance the populations of species 
such as the blue crab by enhancing SAV growth (through improved water clarity).  


 
Planktivorous Fish – Planktivorous fish consume small organisms that drift or swim in 


the water column, collectively called plankton, and are preyed upon by larger fishes.  As such, 
they are an important part of coastal and estuarine food chains.  Both of the planktivorous fish 
species designated as receptor species in the Bay, Atlantic menhaden and Bay anchovy, and 
closely related species (e.g., Gulf menhaden) have coastal ranges overlapping that of the oyster.  
Because oysters also feed on some types of plankton, planktivorous fish might interact with 
oysters through competition for food.  Competition may be direct, such as in the case of 
menhaden that feed on phytoplankton, or indirect, such as in the case of the Bay anchovy that 
feed on zooplankton which, in turn, feed on phytoplankton.  If the population of Suminoe oysters 
in any restricted location were to be sufficient to reduce phytoplankton availability, that 
reduction in food resources could adversely affect growth, reproduction, and survival of 
planktivorous fishes.  However, in most environments food is not a limiting factor for plankton 
feeders and this type of interaction would be unlikely to occur.  


 
Reef-Associated Fish – Oyster bars and reefs provide habitat for a wide range of fish 


species, many of which are important in commercial and recreational fisheries throughout coastal 
waters.  Although some tropical fish reside on reefs throughout their life cycles, most temperate 
species may occupy this habitat during only a portion of their life cycle.  The naked goby, a 
receptor species for this ecosystem component in the Bay, is considered an exclusively reef-
dwelling species and occurs in the mid-Atlantic, Southeast, and Gulf of Mexico regions.  Oyster 
habitat provides a refuge from predation as well as feeding and reproduction sites for the species.  
Black sea bass, another receptor species for reef habitat in the Chesapeake Bay, is found 
throughout coastal waters of the mid-Atlantic and Southeast regions.  Other reef-oriented species 
common in Chesapeake Bay, such as the Atlantic croaker, are also found throughout the mid-
Atlantic, Southeast, and the Gulf. Such species use oyster habitat for refuge, reproduction, and 
foraging.  All species that either depend on or are associated with oyster bar and reef habitat 
would benefit from any increase in such habitat that might result from the growth of a population 
or Suminoe oysters in coastal waters.  For example, Rodney and Paynter (2006) compared 
macrofaunal assemblages on restored and non-restored oyster reefs in mesohaline regions of 
Chesapeake Bay and found that densities of demersal fish, primarily naked goby, were four times 
greater on the restored reefs than on the unrestored reefs.  They also found that densities of fish 
prey species were much greater on restored reefs, 20 times greater than on unrestored reefs for 
amphipods, for example.   
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Piscivorous Fish – Piscivorous fish are members of the fish community that feed on 
other species of fish.  Several piscivorous species in coastal waters are among the most sought-
after species in recreational and commercial fisheries, including striped bass and bluefish, the 
two receptor species considered for Chesapeake Bay.  Changes in oyster populations in coastal 
waters could affect piscivorous fish indirectly through the food chain, through negative effects 
on planktivorous forage species, and positive effects on reef-oriented or dependent species.  
Effects of this kind would be likely only in relatively confined waters where a large population 
of Suminoe oysters might become established.   


 
Other Receptors – Most of the receptor species designated for other ecosystem 


components in the ERA have wide distributions that overlap oyster distributions in coastal 
waters (e.g., bald eagle, turtle species).  The kinds of effects discussed in the ERA and in Section 
4.2.1 would be typical of those expected in coastal waters if the Suminoe oyster were to expand 
its range and prosper in those waters.  For the most part, an increase in oysters would have a 
positive influence on most receptors.  The magnitude of effects would be a function of the 
amount of oysters, the density in which they occur, and the hydrodynamics of their location.  
Effects would be greatest in restricted waters, such as small, semi-confined embayments that 
might support a large population of oysters.  They would be least along open coastal waters, 
where sparse oyster populations might be dispersed across extensive hard substrate, such as 
coastal stone shorelines.   


 
Potential consequences of the development of a population of Suminoe oysters in coastal 


waters for other elements of the affected environment would be similar to the kinds of effects 
described for Chesapeake Bay.  The length of time before any effects would be realized would 
be great because the rate of colonization and expansion in coastal waters is likely to be slow.  For 
the most part, the establishment and growth of such a population would be likely to result in 
ecological benefits because the Suminoe oyster appears to offer ecological services quite similar 
to those provide by the Eastern oyster.  A major of concern of many stakeholders is the extent to 
which a very successful population of Suminoe oysters might become a nuisance species through 
fouling of a wide range of substrates and surfaces that Eastern oysters do not populate currently.  
This concern is based on events in other locations, such as the Wadden Sea, where the Pacific 
oyster has become established, overtaken native mussel beds, and created large intertidal reefs 
that have adversely affected human activities along the shore.  If the Suminoe oyster were to 
become a nuisance species, which seems unlikely (Section 4.13.1), its presence could have 
negative social and economic consequences; however, establishment of a population of Suminoe 
oysters that exhibits greater growth and productivity than the population of Eastern oysters in 
coastal waters could enhance coastal oyster fisheries and provide economic benefits.  
Conversely, mixed harvests of the two oyster species could adversely affect the economic value 
of a mixed-species oyster fishery.  As discussed in Section 4.13.1, harvesters might be unable to  
distinguish the two species visually. Suminoe oysters in mixed harvests, therefore, could gape, 
die, and become contaminated with bacteria without being detected if they were handled in the 
same manner as Eastern oysters, resulting in a potential health risk when mixed-harvests are sold 
or processed. 
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4.15.2 Alternative 1:  No Action 
 
This alternative would have no effect on resources located outside Chesapeake Bay.   
 


4.15.3 Alternative 2:  Enhance Restoration 
 
This alternative would have no effect on resources located outside Chesapeake Bay.  
  


4.15.4 Alternative 3:  Harvest Moratorium 
 
This alternative would have no effect on resources located outside Chesapeake Bay.   
 


4.15.5 Alternative 4:  Cultivate Eastern Oysters 
 
This alternative would have no effect on resources located outside Chesapeake Bay.   
 


4.15.6 Alternative 5:  Cultivate a Nonnative Oyster 
 
Effects on resources outside Chesapeake Bay would be possible under this alternative 


only if a self-sustaining population of the Suminoe oyster were to result from large-scale 
aquaculture operations using triploid Suminoe oysters.  The probability of such an outcome is 
discussed in detail in Section 4.3 of Appendix B and summarized in Section 4.1.6.  The 
probability of a diploid population becoming established under the aquaculture assessment 
scenario defined for the PEIS could not be determined conclusively because of the variety of 
pathways of possible introduction of the species and limitations of the data available for the 
evaluation.  If a large population were to become established, the likelihood of its expansion 
outside the Bay would be the same as for the proposed action, as would the ecological 
consequences of such an expansion. 


 
4.15.7 Alternative 8:  Combination of Alternatives 


 
Only Combinations 8b and 8c involve the use of the Suminoe oyster and would pose any 


risk of affecting resources outside Chesapeake Bay.  The risk would be greater under 
Combination 8c, which includes an introduction of diploid Suminoe oysters, and would be as 
described for the proposed action (4.15.1).  Risk would be less under Combination 8b, and the 
same as described for Alternative 5 (4.15.6). 


 
4.16 CUMULATIVE IMPACTS 


 
In regulations implementing the procedural provisions of NEPA (40 CFR 1500-1508), 


CEQ defines cumulative effects as follows (CEQ 1997a): 
 
“…the impact on the environment which results from the incremental impact of the 
action when added to other past, present and reasonably foreseeable future actions 
regardless of what agency (Federal or non-Federal) or person undertakes such other 
actions…”  (40 CFR 1508.7) 
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If the actions evaluated in this PEIS achieve their purpose as stated in Section 1, they 
would affect the entire Chesapeake Bay.  Addressing all the “…past, present and reasonably 
foreseeable future actions….” that may affect the Chesapeake Bay is beyond the scope of any 
one PEIS.  Such actions are addressed in other major programs, in particular the Chesapeake Bay 
Program (CBP) (www.chesapeakebay.net).  Since its inception in 1983, the CBP has 
documented the major problems facing the Chesapeake Bay and the actions needed to resolve 
those problems.  An overview of past, current and future stressors drawn from the CBP web page 
provides a context for addressing the cumulative effects of oyster restoration.   


 
The major pollutants affecting the Bay are excess nutrients, which come from agriculture, 


urban/suburban runoff, vehicle emissions, and many other sources. Excess nutrients fuel the 
growth of algae blooms, which block sunlight that underwater grasses need to grow. When algae 
die, they are decomposed in a process that depletes the water of oxygen, which all aquatic 
animals need to survive. Other major stressors on the Bay include erosion, chemical 
contaminants, air pollution, and landscape changes.  Natural factors can have a great direct 
influence on the Chesapeake Bay ecosystem and also on the magnitude and scope of the effects 
of human activities.  Total river flow into the Bay can vary dramatically from year to year, 
causing large fluctuations in salinity that affect the Bay’s biological communities and oysters in 
particular, dramatically. Droughts result in high salinity throughout much of the Bay, which 
contribute to the range expansion and increase in severity of diseases that affect the Eastern 
oyster population (Section 1.2.1).  In wet years, when precipitation is frequent and heavy, 
normally brackish regions of the Bay can become fresh and cause mortality of oysters and other 
animals and plants that cannot survive in fresh waters.  Some scientists contend that extremes of 
precipitation will become more frequent in the future due to climate change.  Climate change and 
variability have caused water temperatures in the Bay to exhibit greater extremes during the 20th 
century than during the previous 2,000 years. Sea-level rise related to climate change is 
contributing to the loss of vital coastal wetlands.  The amounts of pollutants entering the Bay 
continue to exceed target levels established by the CBP to restore the Bay’s water quality. The 
human population in the Bay watershed is now growing by about 130,000 residents annually. 
The cumulative impact of centuries of population growth (currently nearly 17 million) and 
landscape change has taken its toll.  


 
Historical over-harvest compounded by the effects of poor water quality and disease has 


resulted in the current low abundance of oysters (Section 1.1.1) in the Bay.  Excess suspended 
sediment is one of the largest contributors to the Bay's impaired water quality. The culprits are 
the tiny clay- and silt-sized fractions of sediment. These particles frequently are suspended in the 
water because of their size and can be carried long distances during storms. In excess, these 
smaller grains of sediment cloud the water, reducing the amount of sunlight that reaches 
submerged grasses.  Without enough sunlight, these underwater grasses are not able to grow and 
provide habitat for young fish and blue crabs.  The excess suspended sediment can carry 
chemical contaminants that may affect fish and other living things in the Bay, as well as humans 
and animals that swim in it.  When it settles to the bottom, the excess sediment also covers and 
degrades hard-bottom habitat that is essential for the growth of the oyster population and the well 
being of other aquatic organisms that require that kind of habitat. 
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4.16.1 Proposed Action:  Introduce the Suminoe Oyster and Continue Efforts to 
Restore the Eastern Oyster 


 
The proposed action has the potential to substantially increase oyster abundance in the 


Bay, although many factors could preclude that potential from being realized (Section 4.1.1).  
The failure of proposed action to create a self-sustaining and abundant population of Suminoe 
oysters in Chesapeake Bay could contribute to an overall failure to reverse the cumulative effects 
of all other stressors on the Bay’s oyster population and ecosystem and could have a negative 
economic consequence on other programs for managing natural resources by consuming 
financial resources that might otherwise have been available to those programs.  If the proposed 
action were to be successful and the Suminoe oyster to become abundant and widespread, it 
could contribute to local, small-scale improvements in water quality through filtering of plankton 
and other suspended solids from the water column.  The increased population of oysters could 
help counteract the effects of nutrient and sediment runoff resulting from further development 
throughout the watershed; however, unless state and local municipalities take significant actions 
to control pollution, nutrient and sediment runoff could continue to increase, counteracting any 
beneficial effects of increased oyster abundance.  If a population of Suminoe oysters were to 
become established in the Bay, it could contribute to the development of oyster reefs that would 
help to counteract the loss of hard-bottom habitat in the Bay and, in turn, contribute to enhancing 
populations of species that depend on such habitat (Section 4.2.1). If a population of Suminoe 
oysters were to grow in the Bay, it could reverse the decline in the Bay’s oyster fishery, create a 
means of sustaining the watermen’s culture (Section 4.6.1), and counteract the consequences of 
declines in other exploited species, such as the blue crab.  If the species were to become very 
abundant, however, increased harvest could result in reduced prices and unintended negative 
economic consequences (Section 4.6.2; Appendix D). Introducing this nonnative species also 
could add to the multiple stressors that have contributed to the decline of the Eastern oyster in 
the bay, although the interactions between the species might have both positive and negative 
consequences (Section 4.1.1). 


 
An established and self-sustaining population of Suminoe oysters in the Bay would alter 


the natural biodiversity of the Chesapeake Bay ecosystem.  The bay’s biodiversity, however, has 
been subject to significant alteration from many past unintentional introductions of nonnative 
species, such as those resulting from releases of ballast water.  Ruiz et al. (1999) indicated that 
invasions of non-indigenous species are recognized as important stressors of marine and 
estuarine communities throughout the world. They concluded, however, that quantitative impact 
measures for individual bays or estuaries generally exist for less than 5% of the non-indigenous 
species present and, therefore, that little is known about the full extent and variety of the effects 
of such species.  


 
4.16.2 Alternative 1:  No Action 


 
Only small changes in the population of Eastern oysters were projected to result from 


continuing current restoration programs (Section 4.1.2), and continued decline of the oyster 
population is anticipated into the future.  Changes in oyster populations under this alternative 
would not contribute to reversing the affects of watershed development and nutrient and 
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sediment loading to the Bay and would not reverse the continuing loss of hard-bottom habitat in 
the Bay.  


 
4.16.3 Alternative 2:  Enhance Restoration 


 
Increases in oyster populations in some sections of the Bay (e.g., oligohaline waters in 


Maryland; Section 4.1.3) could result in ecosystem changes that would counteract some of the 
cumulative effects of watershed development and pollutant loading to the Bay, although the 
effects are likely to be local, not Bay-wide.  Much of the increase in the oyster population would 
be on protected bars, many of which are located in low-salinity areas where oyster spawning is 
very limited.  The increases in oyster abundance on sanctuary bars in low-salinity areas would 
not contribute directly to reversing the adverse economic effects on watermen that have resulted 
from declines in oysters and other exploited species.  To the extent that sanctuary bars that 
support healthy oyster populations could be established in high-salinity areas, spawn from 
sexually mature oysters on those bars might disperse and colonize bars where harvesting is 
permitted, if the spat were able survive and grow to legal size.  This alternative might contribute 
to counteracting the cumulative impacts to Chesapeake Bay’s water quality to a limited extent 
and most likely only locally, not Bay-wide.  The level of habitat rehabilitation anticipated under 
this alternative would not appear to be sufficient to counteract the continuing and long-term 
cumulative impacts of the factors causing loss of hard-bottom habitat throughout the Bay. 


 
4.16.4 Alternative 3:  Harvest Moratorium 


 
Overharvest and destructive harvest methods clearly were major factors in reducing the 


Bay-wide oyster population historically (i.e., through about 1930, Figure 1-1); however, the 
consequences of harvest at current levels, with currently legal methods, and exploiting the 
existing depressed oyster stock appear to be less significant (Section 4.1.4).  Terminating all 
oyster harvest Bay-wide would eliminate one of the cumulative stressors on the remnant Eastern 
oyster population, regardless of the magnitude of its specific effect  Cessation of harvesting 
could allow oysters to develop resistance to Dermo and MSX more quickly than it would 
develop when large, old oysters are being harvested from exploitable bars.  The rate at which 
disease resistance would develop with or without harvesting cannot be estimated, and the length 
of time it might take for the Bay-wide stock to become disease resistant if harvest was eliminated 
has not been determined.  If development of disease resistance were to take an extended period 
of time, this alternative would not contribute to reversing the cumulative impact of all the factors 
contributing to loss of hard-bottom habitat throughout the Bay.   Cessation of commercial oyster 
harvest, even only temporarily, would further exacerbate economic consequences for watermen 
faced with the declining numbers of species they exploit, and some watermen have indicated 
they would be unlikely to re-enter the fishery after a temporary moratorium (Section 4.6.1.4). A 
consequent decline in the community of watermen could contribute to more rapid socioeconomic 
changes in shoreline communities and facilities.  Increases in oyster populations in some sections 
of the Bay in response to a harvest moratorium (Section 4.1.4) could result in local ecosystem 
changes that would counteract the cumulative effects of watershed development and pollutant 
loading to the Bay, although the effects are likely to be small because of the modest levels of 
increase expected.   
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4.16.5 Alternative 4:  Cultivate Eastern Oysters 
 
The development of a large and economically viable aquaculture industry in the Bay 


could contribute to reversing the effects of watershed development and nutrient and sediment 
loading locally in the vicinity of operations, depending on the location and density of new or 
expanded aquaculture operations.  If on-bottom culture were employed, it could contribute to 
local reversal of the continuing loss of hard-bottom habitat.  Bar maintenance required to 
cultivate Eastern oysters on the bottom would contribute to maintaining the amounts of hard-
bottom habitat available locally.  If watermen were able to pursue aquaculture opportunities, this 
alternative could help reverse the economic stress within that community caused by the 
continuing decline in oysters and other exploited species.  Expansion of the aquaculture industry 
could result in local shoreline development, possibly in currently under-developed locations that 
are particularly suited for aquaculture.  Such development would further compound the shoreline 
development stressors affecting the watershed. 


 
4.16.6 Alternative 5:  Cultivate a Nonnative Oyster 


 
Cumulative effects of this alternative initially would be similar to those described for 


Alternative 4.  The development of a large and economically viable aquaculture industry in the 
Bay could contribute to reversing the effects of watershed development and nutrient and 
sediment loading locally, depending on the location and density of new or expanded aquaculture 
operations.  The confined methods of cultivation expected to be required in this industry could 
contribute to stresses affecting some rare, threatened, and endangered species by interfering with 
their movements, foraging behavior, or both. If watermen were able to pursue aquaculture 
opportunities, this alternative could help reverse the economic stress within that community 
caused by the continuing decline in oysters and other exploited species.  Expansion of the 
aquaculture industry could result in local shoreline development, possibly in currently under-
developed locations that are particularly suited for aquaculture.  Such development would further 
compound the shoreline development stressors affecting the Chesapeake Bay watershed. 


 
One difference between Alternative 4 and Alternative 5 is that cultivating triploid 


Suminoe oysters poses the risk of unintentionally establishing a reproductive population in the 
Bay.  The time required for a reproductive population to be initiated, become established, 
become abundant, and spread throughout the Bay as a result of aquaculture operations using 
triploids would be longer than expected under the proposed action. This is because the rate at 
which an unintended introduction would occur would be dependent on the rate at which large-
scale triploid aquaculture developed gradually over an extended period, in contrast to the 
proposed action, in which large numbers of diploid spat would be introduced throughout the bay 
each year for a period of 10 years..  If and when such a widespread and abundant population 
developed as a result of triploid aquaculture, the effects would be as described in Section 4.1.1 
for the proposed action. Diana (2009) identified the potential for invasive, nonnative species to 
escape from oyster aquaculture operations and become established in the receiving system as a 
concern related to biodiversity that should be considered for certifying safe operations; however, 
the author noted that no objective method for quantifying and ranking the effects of aquaculture 
on biodiversity is available to date.  Diana (2009) also noted that aquaculture often has had both 
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positive and negative effects on trends in biodiversity because of the variety of aquaculture 
systems in use and improvements in management.  


 
4.16.7 Alternative 8:  Combination of Alternatives 


 
Combination 8a. – Eastern oyster only - The potential contribution to cumulative 


impacts under this combination is less than under the other two.  Increases in oyster populations 
in low-salinity sections of the Bay could result in local ecosystem changes that would counteract 
some of the cumulative effects of watershed development and pollutant loading to the Bay, 
although the effects are likely to be small.  Much of the increase in the oyster population would 
be on bars protected from harvest; therefore, this alternative would not contribute to reversing 
the adverse economic effects on watermen that have resulted from declines in oysters and other 
exploited species.  Cessation of commercial oyster harvest would further exacerbate economic 
consequences for watermen faced with the declining numbers of species they exploit. A 
consequent decline in the community of watermen could contribute to more rapid socioeconomic 
changes in shoreline communities and facilities.  
 
 Implementing enhanced Eastern oyster aquaculture could contribute to local reversal of 
the continuing loss of hard-bottom habitat, if on-bottom culture methods were used.  If watermen 
were to pursue aquaculture opportunities, this alternative could help reverse the economic stress 
within that community caused by the continuing decline in oysters and other exploited species. 
 
 Combination 8b. – Native oyster and triploid Suminoe oysters - Cumulative impacts of 
this combination are similar to those identified for combination 8a with two exceptions.  Triploid 
Suminoe oysters are resistant to MSX and Dermo; therefore, they could be cultivated over a 
larger portion of the Bay than the Eastern oyster.  As a result, the cumulative economic benefits 
could be realized over a greater geographical area throughout the bay than under combination 8a.  
Triploid aquaculture could result in an unintended introduction of a reproducing population of 
diploid Suminoe oysters; therefore, consequences of this alternative over the long term would be 
similar to those expected under Alternative 8c. 
 
 Combination 8c. – Native oyster and both diploid and triploid Suminoe oysters - This 
combination of alternatives has the highest potential to increase oyster abundance because it 
includes the proposed action; however, many factors could preclude that potential from being 
realized.  If the Suminoe oyster were to be successfully introduced into the Bay and become 
abundant and widespread it could 
 


• contribute to local improvements in water quality and help counteract the effects of 
factors such as watershed development and nutrient and sediment runoff;  


• contribute to the development of oyster reefs that would help to counteract the loss of 
hard-bottom habitat; 


• contribute to enhancing populations of species that depend on oyster reef habitat; and 


• reverse the decline in the Bay’s oyster fishery and create a means of sustaining the 
watermen’s culture in the Bay, counteracting the consequences of declines in other 
exploited species, such as the blue crab. 
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Successful introduction of the Suminoe oyster also could have unintended negative 
consequences: 


 
• adding to the multiple stressors that have contributed to the decline of the Eastern 


oyster in the Bay (e.g., diseases, habitat loss), although the interactions between the 
species might have both positive and negative consequences;  
 


• altering the natural biodiversity of the Chesapeake Bay ecosystem, adding to the 
changes in biodiversity resulting from all of the previous intentional and unintentional 
introductions of nonnative species; and 
 


• reducing market prices for oysters and other  negative economic consequences. 
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6   


5 Public Outreach, 
Agency Coordination, and 


Consultation 
 


5.1 PURPOSE, NEED, AND REQUIREMENTS FOR PUBLIC OUTREACH AND 
AGENCY COORDINATION 


 
In 1977, the CEQ promulgated regulations associated with the implementation of NEPA, 


as enacted in 1970.  These regulations and associated procedural requirements for compliance 
are stipulated in 40 CFR Part 1503 (http://www.nepa.gov/nepa/regs/ceq/1503.htm#1503.3) and 
include procedures for obtaining, submitting and responding to public comments for an EIS.    


 
The USACE’s policy and guidance requires work in addition to the minimum public 


outreach and agency coordination standards outlined in 40 CFR Part 1503, to include a pre-
scoping or conceptual-level scoping phase and a public scoping phase before issuing the draft 
EIS.  During these additional phases, the lead agencies provided opportunities to engage affected 
and interested parties in the planning and development stages of the EIS process, including the 
process of defining alternatives.  The purposes of pre-scoping and public scoping phases are to 


 
• introduce the public to the lead agencies and the planning process; 
• inform the public and decision makers about the project; 
• assess support for the project; 
• gather information; 
• coordinate with citizens, interest groups, and agencies; 
• provide a mechanism for citizens to participate in the planning process; and  
• provide for fiscal accountability. 
 
The lead agencies for this Programmatic EIS (i.e., USACE, DNR, and VMRC) engaged 


various groups of stakeholders in the EIS process: watermen and industry representatives 
(recreational and commercial anglers, boaters, and aquaculture firms); local, regional, State, and 
Federal agencies; academic institutions; and environmental, historical, and biological resource 
protection organizations.  Collectively, these groups have informed the lead agencies regarding 
the scientific, socioeconomic, cultural, legal, and policy factors of the project.  The lead agencies 
involved the stakeholder groups early on and continuously throughout the course of the project 
and have accepted and carefully considered their feedback.   
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5.2 PUBLIC OUTREACH AND AGENCY COORDINATION PROCESS 
 


5.2.1 Participants 
 


5.2.1.1 Agency Coordination 
  


According to January 30, 2002, CEQ guidance to the heads of Federal agencies on 
implementing the procedural requirements of NEPA, lead agencies preparing a PEIS are required 
to determine if other Federal agencies are interested and appear to be capable of assuming the 
responsibilities of becoming a cooperating agency under 40 C.F.R. § 1501.6.  “Cooperating 
agency” as defined under this title includes any other Federal agency that has jurisdiction by law 
or that has special expertise with respect to any environmental issue that should be addressed in 
the PEIS. 


 
The 2002 guidance states:  “The benefits of enhanced cooperating agency participation in 


the preparation of NEPA analyses include: disclosing relevant information early in the analytical 
process; applying available technical expertise and staff support; avoiding duplication with other 
Federal, State, Tribal and local procedures; and establishing a mechanism for addressing 
intergovernmental issues.  Other benefits of enhanced cooperating agency participation include 
fostering intra- and intergovernmental trust (e.g., partnerships at the community level) and a 
common understanding and appreciation for various governmental roles in the NEPA process, as 
well as enhancing agencies’ ability to adopt environmental documents.  It is incumbent on 
Federal agency officials to identify as early as practicable in the environmental planning process 
those Federal, State, Tribal and local government agencies that have jurisdiction by law and 
special expertise with respect to all reasonable alternatives or significant environmental, social or 
economic impacts associated with a proposed action that requires NEPA analysis.” 


 
USACE is the lead Federal agency for preparing this PEIS. VMRC (on behalf of the 


Commonwealth of Virginia) and DNR (on behalf of the State of Maryland) are the lead State 
agencies. The U.S. Environmental Protection Agency (EPA), U.S. Fish and Wildlife Service 
(FWS), and National Oceanic and Atmospheric Administration (NOAA) are cooperating Federal 
agencies.  Additional review and assistance was provided by the Maryland Environmental 
Service (MES), the Potomac River Fisheries Commission (PRFC), and the Atlantic States 
Marine Fisheries Commission (ASMFC).  EPA will be responsible for rating the environmental 
impact of the proposed action and the adequacy of the PEIS document.  The lead agencies 
established a project delivery team (PDT) to coordinate with State, Federal, and regional 
agencies whose goals, objectives, policies, and regulations are implicated in, or would be 
affected by the outcome of the process.  The PDT includes representatives of USACE’s Norfolk 
and Baltimore Districts, DNR, VMRC, NOAA, EPA, FWS, and PRFC.   


 
The PDT met monthly to discuss the schedule for the project, development of the 


alternatives, content of the PEIS, the status of research and availability and findings, the status of 
the peer review process and findings, legal requirements, and other project-delivery issues.  The 
goal of the PDT was to share information among the participating agencies and, to the extent 
possible, to ensure that affected agencies were comfortable with the findings and that potential 
legal and programmatic implications were addressed before completion of the PEIS.  PDT 
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meetings were open to the public and were listed on DNR’s Oyster In Focus Web site.  PDT 
members reviewed summaries of these meetings were for accuracy. 


 
The lead agencies also established an Executive Committee that was responsible for the 


management of the PEIS project, including active collaboration with senior management from 
the Federal cooperating agencies and a Management Team that was responsible for executing the 
activities defined by the Executive Committee. 


 
5.2.1.2 Research Review Committees and Peer Review Groups 


 
Several research-review committees and peer-review groups were established to provide 


guidance regarding appropriate research projects and schedules, the accuracy of the findings of 
the research and assessment efforts, and suggestions for next steps, in order to support the 
scientific integrity of the PEIS.  The following text describes the roles and membership of the 
research-review committees and peer-review groups, as well as the roles of other groups of 
stakeholders in completing one of the major assessments for this PEIS: the Cultural and 
Socioeconomic Assessment. 


 
 Cultural and Socioeconomic Assessment – A cultural and socioeconomic assessment, 
which assessed the cultural value of oyster restoration and the socioeconomic importance of 
different approaches for restoring oysters to a diverse range of stakeholders, was completed as 
part of the supporting documentation for the PEIS.  This study involved informal and structured 
interviews with and two cumulative surveys of stakeholders, including commercial watermen, 
oyster aquaculturists, shellfish processors and shippers, scientists investigating oysters and 
marine-estuary ecosystems, environmentalists who are active in efforts to restore Chesapeake 
Bay, recreational fishers, and owners of seafood restaurants in the region.   


 
A report entitled Oyster Restoration in the Chesapeake Bay: A Cultural & Socioeconomic 


Assessment (Paolisso and Dery 2008) reports findings about the cultural value of oyster 
restoration and the socioeconomic importance of different approaches for restoring oysters in the 
Bay for a diverse range of stakeholders within the Chesapeake region.  The PEIS includes an 
analysis of this information.   


 
 Review Committees and Peer Review Groups – In addition to providing information and 
opportunities to comment on the content of the PEIS, the lead agencies established research-
review committees and peer-review groups to provide scientific and technical insight to inform 
the project and associated research and assessment efforts.  Each advisory group or committee 
included stakeholders from the research community who are experts in their respective fields: 


• Scientific Advisory Committee (SAC) – This group was composed of all of the 
principal investigators involved with the Oyster PEIS research effort designed to 
satisfy the critical gaps in knowledge identified in the 2000 NRC report. 


• Ecological Risk Assessment Advisory Group (ERAAG) – This group was composed 
of Federal agency risk assessment specialists and was established to assist in the 
development of the ERA framework and advise on the technical content of the ERA. 







 
5-4 


• OAP – This group was established to provide peer review and to provide technical 
guidance on suitable data sources/input parameters for the modeling and assessment 
projects in support of the PEIS, including determining the adequacy of available 
information to inform a decision and the degree of risk associated with each 
alternative. 


• Peer Review Groups (PRGs) – These groups provided independent review of research 
results to be incorporated into the PEIS assessments; specifically, research that was 
funded for the PEIS, but was not published in a scientific peer reviewed journal.  
Each PRG was composed of two to five nationally recognized members of the 
scientific community.  The peer review effort was divided among PRGs according to 
research and assessment subject matter and expertise (e.g. larvae transport, natural 
resource economics, etc.).  Each PRG’s review included an evaluation of: the clarity 
of the hypotheses, if applicable; the validity of the research design; the quality of data 
collection procedures; the robustness of methods employed; the appropriateness of 
the methods for the hypotheses being tested; the extent to which the conclusions 
follow from the analysis; and the strengths and limitations of each research project.  
The PRG’s comments and/or peer review reports were provided to the research or 
assessment project principal investigators.  Responses from the principal investigators 
on how the peer review comments would be addressed in continued research efforts 
and/or final research project documentation were requested. 


• The ASMFC, Interstate Shellfish Transport Committee (ISTC) – This committee is 
comprised of shellfish technical representatives from each of the Atlantic coastal 
states from Maine through Florida, the District of Columbia, the PRFC, the National 
Marine Fisheries Service (NMFS), and the FWS.  This group provided technical input 
from a coastal perspective.  They reviewed and developed consensus statements on 
issues related to the methodology and analytical results of research, modeling and 
assessment projects being completed to support the PEIS, and forwarded the 
consensus statements to the PDT. 


 
The lead agencies and principal investigators of research projects and assessments 


periodically updated the advisory groups, as well as the Executive Committee and Management 
Committee, on project and research advancements as appropriate throughout the course of the 
Oyster PEIS project. 


 
5.2.1.3 Other Stakeholder Groups 


 
In addition to soliciting Cooperating Agency input through the PDT process and technical 


guidance through the establishment of advisory groups, the lead agencies initiated and/or 
accepted written correspondence from the following interested agencies, organizations, industry 
representatives, and academic institutions:  


 
• FWS  
• Virginia Department of Historic Resources 
• NMFS Habitat Conservation Division 
• National Park Service 
• EPA  
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• Maryland Historic Trust 
• Virginia Department of Conservation and Recreation's Division of Natural Heritage 
• NOAA  
• Florida Fish & Wildlife Conservation Commission 
• South Carolina Department of Natural Resources 
• Virginia Office of the Governor 
• Harris Seafood 
• Delaware River Keeper 
• State of Rhode Island 
• Anne Arundel County Watermen’s Association 
• Coastal Conservation Association (CCA) 
• The Nature Conservancy (TNC) 
• Virginia Seafood Council (VSC) 
• National Wildlife Federation  
• Defenders of Wildlife 
• International Council for Exploration of the Seas (ICES) 
• Maryland Department of the Environment (MDE) 
• Audubon Society of Maryland – D.C. 
• ASMFC 
• Maryland House of Delegates – Del. Dan Morhaim 
• Maryland Department of Natural Resources  
• Virginia Institute of Marine Science (VIMS) 
 
Additional information on the content of the correspondence can be found in 


Appendix G:  Agency Coordination. 
 


5.2.2 Communication Methods 
 
Communication methods used by the lead agencies to distribute information included: 


television, radio, newspapers, fliers, electronic mail, postal mail and Web sites.   
 
Public presentations of the project proposal, and research and assessment findings 


provided at public meetings, conferences, trade shows and fairs, were advertised with fliers and 
newspaper postings, as well as in radio and television announcements.   


 
Maryland Public Television recorded interviews with representatives from the lead and 


Cooperating Agencies on the progress of the PEIS.  PEIS briefings were also provided in 
numerous newspaper articles throughout the course of the project, available in hardcopy and 
electronic format including via the Chesapeake Bay Program’s Bay News electronic mail list 
server distribution.  


 
Information sharing was geared toward electronic and internet submissions due to its 


potential for immediate mass distribution, high accessibility, low cost and low environmental 
impact.  The lead agencies maintained a continuously updated postal and electronic mail server 
interest list used to coordinate advisory group reviews and provide project updates to interested 
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parties.  Work group meetings were announced on Web sites and through electronic mail distri-
butions.    


 
A project Web site was established to facilitate public input within and outside the 


Chesapeake Bay region (DNR’s Oyster In Focus Web site http://www.dnr.state.md.us/dnrnews 
/infocus/oysters.asp).  The scheduling of public meetings and project accomplishments, 
including updates on key research components, were publicized in press releases available on the 
Web site.  A calendar of meetings and events was also posted on the Oyster In Focus Web site 
throughout the course of the project, beginning with the first posting on April 21, 2003.  A copy 
of the presentation given by the lead agencies at the January 28, 2004 and February 5, 2004 
public scoping meetings was posted to the Oyster In Focus Web site, along with summaries of 
the meetings and written public comments provided during the public scoping period.  The 
Oyster In Focus Web site also contains 


 
• copies of the project Purpose and Need Statement and funding authorization 


• a list of the PEIS alternatives 


• links to the PEIS press releases and progress reports 


• overviews of the research, modeling and assessment frameworks, peer review plan 
and a list of research projects 


• a diagram of the peer review process and copy of the approved peer review plan (for 
compliance with the 2004 Office of Budget and Management bulletin) 


• a link to the NRC Report on Nonnative Oysters in the Chesapeake Bay 


• a link to the STAC report Identifying and Prioritizing Research Required to Evaluate 
Ecological Risks and Benefits of Introducing Diploid Crassostrea ariakensis to 
Restore Oysters to Chesapeake Bay 


• a list of PEIS working group membership and responsibilities 


• links to project Web sites created by NOAA and PEIS research institutions, including 
the University of Maryland (UMD) (containing contact information for the research 
Principal Investigators) and VIMS (including a timeline for VIMS involvement in the 
project and associated efforts and links to research work products and background 
documents) 


• a link to  ICES’ 1994 Code of Practice on the Introductions and Transfers of Marine 
Organisms 


 
Copies of Oyster PEIS “Progress Reports”, news releases and a link to the In Focus Web 


site were provided on the USACE-Norfolk District Oyster PEIS homepage: http://www.nao 
.usace.army.mil/OysterPEIS/homepage.asp.  Public notices and events related to the Oyster PEIS 
project were posted to the VMRC public information webpage:  http://www.mrc.state 
.va.us/public-info.shtm. 
 


Updates on the scientific and technical components of the project, including research and 
assessment findings, were presented at PDT meetings and NOAA (PEIS) Quarterly Research 
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Review meetings.  These review meetings were an opportunity for the Federal and State agencies 
and the research community to receive summaries of critical research findings directly from, and 
pose questions directly to, the research principal and/or associate investigator.  Opportunities 
were provided for the public to participate in the research review meetings via Internet Webcast.  
NOAA posted summaries of the Quarterly Research Reviews to its Web site: http://noaa 
.chesapeakebay.net/nonnativeoysterresearch.aspx along with: 


 
• a list of funded PEIS research  


• an explanation of the PEIS process 


• a summary of the findings of the NRC report Nonnative Oysters in the Chesapeake 
Bay and a link to purchase the report 


• links to the STAC report and 2005 ICES code 


• work products and information distributed at scientific conferences 
 


5.2.3 Process 
 


5.2.3.1 Project Authorization and Funding 
 
Federal authorization for the USACE – Norfolk District to initiate the Oyster PEIS 


project was established by Section 510 of Water Resources Development Act of 1996, as 
amended by Title 1, Department of Defense – Civil, Department of the Army, Corps of 
Engineers – Civil, Construction General provisions of the Energy and Water Appropriations Act.  
Federal project funding was established by H.R.2754: Making Appropriations for Fiscal Year 
Ending September 30, 2004. http://thomas.loc.gov/cgi-bin/bdquery/z?d108:h.r.02754. 


 
5.2.3.2 Scoping Meetings and Proposal Development Prior to Publication of the Notice of 


Intent 
 
A pre-scoping stakeholder workshop was held in October 2003 in Annapolis, Maryland 


to obtain perspectives from researchers and stakeholders with regard to their expectations of the 
PEIS proposal and process for its evaluation.  The meeting screened the proposal for issues that 
needed to be addressed and identified critical research issues on which research plans were 
developed. 


 
A pre-scoping planning meeting was called in November 2003 following the 


development of the Memorandum of Understanding (MOU) between the lead Federal and State 
agencies.  In the meeting, a group of upper-level project managers from Federal and State lead 
agencies, later forming the Management Team, agreed to the development of a Scientific 
Advisory Committee (SAC) to guide research, a peer review panel to review the PEIS, and a 
Web site for sharing information on the PEIS.   


 
On November 18, 2003, a pre-scoping research workshop was held to discuss the desired 


output and necessary inputs to the model of the dispersal of C. ariakensis larvae and potential 
impacts to water quality, as well as input data available and additional input data needed for the 
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modeling effort.  Following the meeting, the UMD submitted a proposal to the lead agencies for 
the hydrodynamic modeling of the larval transport of C. ariakensis. 


 
In December 2003, an additional pre-scoping research workshop was held by the 


technical advisory committee, for the Chesapeake Bay Program (CBP; Chesapeake Bay Program 
STAC), in cooperation with the NRC, to identify and prioritize research required to evaluate 
ecological risks, benefits and alternatives related to the potential introduction of C. ariakensis.  A 
timeline for research was developed in this meeting.  It was recommended that the finalized 
STAC report, released in March 2004, be used as a foundation for further C. ariakensis research.   


 
On December 4, 2003, a meeting was held to discuss the economic analysis requirements 


needed to evaluate alternatives in the PEIS.  Shortly thereafter, the UMD submitted a proposal to 
the lead agencies for the economic assessment.  Also in December 2003, the ASMFC became an 
active participant in the programmatic PEIS process.   


 
On December 10, 2003, an additional pre-scoping planning meeting was held by 


representatives from the cooperating Federal and State agencies and the PRFC, who would 
become the initial members of the PDT.  Discussion included the creation of a PDT with 
representatives from the cooperating Federal agencies; inclusion of representatives from the 
ASMFC on the PDT and in a research review work group; language specifications for the Notice 
of Intent (NOI); and the presentation of the proposal at the public meetings.  The USACE – 
Norfolk District agreed to request that all of the Cooperating Agencies designate personnel for 
assignment to the PDT.  Edits to the draft NOI were incorporated and publication of the NOI and 
the initiation of public meetings was set for to January 2004 to allow for additional PDT review.   


 
On December 17, 2003, a pre-scoping meeting involving PDT members was held to 


discuss and clarify the language for the NOI.  The USACE agreed to distribute briefing materials 
to non-governmental organizations.  


 
Seven preliminary alternatives to the proposed action were developed at pre-scoping 


meetings and workshops, held with the prospective lead agencies, cooperating agencies, 
researchers, and other stakeholders.  These alternatives were presented in the NOI, published in 
the Federal Register on January 5, 2004. 
 
5.2.3.3  Public Scoping Process 


 
Project-specific outreach began in 2004 with the publication of the formal NOI in 


Volume 69, Number 2, pages 330 through 332 of the Federal Register, which is available via the 
internet as well as in hardcopy form.  The lead agencies also published the NOI and summaries 
of the NOI in newspapers, including the following, and on the DNR Web site established for the 
Oyster PEIS project (DNR Oyster In Focus Web site: http://www.dnr.state.md.us/dnrnews 
/infocus/notice_of_intent2.asp):   


 
• Richmond Times Dispatch 
• The Daily Press 
• The Virginian Pilot 
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• The Eastern Shore News  
• The Baltimore Sun 
• Evening Capital 
• Star Democrat 
• Daily Banner 
 
The NOI was posted in about 150 locations in Virginia in tackle shops, marinas, post 


offices, courthouses and other public areas. 
 
In addition, the lead agencies distributed copies of the NOI to interested parties, including 


the: 
 
• Maryland Department of Agriculture 
• Maryland Seafood and Aquaculture Task Force 
• Maryland Oyster Roundtable Steering Committee and Interest List 
• Maryland Oyster Roundtable and Interest List 
• Maryland Sportfish Advisory Commission 
• Maryland Tidal Fish Advisory Commission 
• Maryland Coastal Bays Fishery Advisory Commission 
• Maryland Watermen's Association 
• Maryland County Oyster Committees 
• Maryland CBF 
• Maryland Coastal Bays Program 
• Maryland CCA 
• Maryland Saltwater Sportfishing Association 
• PEIS research community (future SAC) 
 
Copies of the NOI were subsequently posted to Web sites of interested parties, including 


the Maryland Watermen’s Association Web site.   
 
In addition to introducing the purpose and intent of the PEIS process, the preliminary 


alternatives, and providing a description of the scoping process, the NOI identified  
 
• the lead and cooperating agencies 


• scheduled dates for public scoping meetings 


• a deadline for submittal of public comments (set at three weeks beyond the last public 
scoping meeting) 


• names, affiliations, and contact information for submitting public comments 


• key issues for research and assessment 


• applicable legislation and regulations for environmental review and consultation 
 
Public comment on the overall scope of the Oyster PEIS, including the purpose and need, 


list of alternatives to be evaluated, and project schedule were collected from the participants at 
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the two public meetings held in both the Commonwealth of Virginia and State of Maryland on 
January 28, 2004 and February 5, 2004, respectively.  Each public scoping meeting provided a 
briefing and presentation on the state of C. virginica in the Chesapeake Bay and its tributaries, 
the status of restoration efforts, preliminary programmatic PEIS alternatives, and the proposed 
action of the programmatic PEIS.    


 
Participants at the public scoping meetings were organized into discussion groups and 


asked to identify the top five project priorities.  Responses were used to further develop the PEIS 
alternatives, coordination process and research and assessment components.   


 
In addition to hosting the January 28, 2004 and February 5, 2004 public meetings, the 


lead agencies provided an internet forum for individuals that were unable to attend the public 
meetings to provide comments: http://www.dnr.state.md.us/dnrnews/infocus/oystercomments. 
html.  Approximately 36 posts were made.  These internet postings included positions on the 
proposed action and alternatives and suggestions for research and management strategies.   


  
5.2.3.4 Finalization of Alternatives 


 
Comments produced by the public as well as Federal agencies, and State and local 


governments, were used to assist the USACE, DNR, VMRC, NOAA, EPA, and FWS representa-
tives in defining the issues that would be evaluated in the PEIS.  All public scoping comments 
were collected, reviewed, and discussed at a PDT meeting on March 26, 2004.  Workshops and 
meetings were held at the PRFC office in Colonial Beach, Virginia to further refine the 
alternatives.  A workshop held on February 1, 2006, provided data specifically for the refinement 
of the aquaculture alternatives.  The PDT and representative members of the research com-
munity, CBP, Oyster Recovery Partnership (ORP) and aquaculture community attended.  A 
meeting on the harvest moratorium alternative was held November 15, 2006.   


 
5.2.3.5 Briefings and Updates  


 
Over the course of the project, the lead agencies gave many briefings on the PEIS project 
including regular briefings to the ASMFC Policy Board.  Briefings included updates on the 
research findings and project schedule and provided opportunities for public input.  Venues at 
which project information was provided include fairs, trade shows, scientific conferences, and 
local and regional government and advisory organization public meetings including, but not 
limited, to  


 
• 2004 Maryland Trade Association show 


• 2004 Maryland State Fair 


• 2005 and 2006 Interstate Shellfish Sanitation Conference (ISSC), Annual Interstate 
Seafood Seminars 


• October 18, 2004 ORP Board of Directors' meeting 


• 2006 Annual CBP Citizens Advisory Committee meeting 
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• February 22, 2005 DNR Monitoring and Non-Tidal Assessment (MANTA) noon 
seminar series 


• April 16, 2005 annual Maryland Tributary Strategies Team meeting 


• NOAA noon seminars 


• October 15, 2005 Horn Point, Aquaculture and Restoration Ecology Laboratory 
public open house 


• CBP's Chesapeake Bay seminar series 


• January 12, 2006 Maryland Outdoor Caucus meeting 


• 32nd East Coast Commercial Fishermen's & Aquaculture Trade Exposition 


• 2006 Science & Seafood Seminar Series – Savor the Bay 


• March 15, 2006 CBP, Scientific and Technical Advisory Committee (STAC) meeting 


• April 13, 2006 Caroline County Health Department Tidewater Environmental Health 
Association meeting 


• May 12, 2006 Oyster CAC annual meeting 


• September 6, 2006 Blue Ribbon Oyster Panel meeting 


• September 14, 2006 PRFC meeting 


• May 14, 2007 Chesapeake Bay Commission meeting 


• December 6, 2006 NOAA, Fisheries Office of Policy Seminar on Policy 
Development and Analysis Techniques 


• March 18, 2004, April 20, 2006, July 20, 2006 and May 17, 2007 CBP 
Implementation Committee meetings 


• Estuarine Research Federation 2007 Biennial Conference 


• December 4-5, 2007 Oyster Management Workshop 


• March 10 and April 9, 2008 Briefings to the Oyster Advisory Commission 


• April 23, 2008, Briefing to ASMFC, ISTC and the CBP, STAC 
 


5.2.4 Public Outreach and Agency Coordination Following Publication of Draft PEIS 
 


On October 14, 2008, the lead agencies convened a press conference to announce their 
intent to release the Draft PEIS to the public on October 17, 2008.  The Draft PEIS was released 
according to that schedule.  The Notice of Availability (NOA) for the Draft PEIS was published 
in the EPA Federal Register (Vol. 2, No. 202, p. 61859) on October 17, 2008, simultaneously 
with the distribution of hardcopies and CDs of the document to the 35 libraries and 90 agencies 
and individuals included in the PEIS distribution list included in Section 8. 


 
The USACE – Norfolk District’s updated PEIS Web page was activated on October 17, 


2008, and contains a downloadable copy of the Draft PEIS, a copy of the NOA, peer review 
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reports for the Draft PEIS, related research and assessment documents, and a link to other 
supporting documentation.  The USACE – Norfolk District monitored download activity during 
the public comment period; Figures 5-1 and 5-2 summarize that activity. In addition, DNR’s 
PEIS Web page was updated to include a list of frequently asked questions concerning the PEIS 
and a copy of the October 14, 2008, press release. 


 
During the 60-day public comment period following the publication of the Draft PEIS 


(October 17 – December 15, 2008), the lead agencies coordinated a series of public meetings – 
three each in Maryland and Virginia - to receive comments on the document. The dates, 
locations, and times of the meetings were announced in the October 14, 2008, press release and 
were included in the NOA.  The press release emphasized the importance of public input in this 
process and encouraged public participation in the meetings.  The USACE – Norfolk District 
issued subsequent press releases during the week before the first public meeting and on the day 
before the first meeting to promote involvement. On October 17, 2008, the NOA was distributed 
via email to approximately 200 representatives of the cooperating Federal agencies; resource 
agencies in Maryland, Virginia, Delaware, Georgia, South Carolina, North Carolina, New Jersey, 
New York, and Connecticut; various research institutions; and members of the general public 
who previously had indicated their interest in the project.  The meeting dates also were 
advertised on the USACE – Norfolk District’s Web site 
(http://www.nao.usace.army.mil/OysterEIS/Public Comment.asp) and DNR’s Web site 
(http://www.dnr.state.md.us/dnrnews/infocus/oysters.asp).  


 
According to the USACE – Norfolk District’s Public Affairs Office, 58 media articles 


covering the Draft PEIS were released to an estimated audience of more than 3 million during 
the months of October and November, 2008.  Several of these articles advertised the dates, 
locations, and times of the public meetings.  Specifically, the schedule of public meetings was 
announced in articles that appeared in the Washington Post (Washington, D.C.), The Star 
Democrat (Easton, Maryland), The Daily Times (Salisbury, Maryland), and the Daily Banner 
(Cambridge, Maryland) on October 17, 2008, and in the Eastern Shore News on October 18, 
2008, for a combined circulation of approximately 700,000 people. 
 


Table 5-1 lists the dates and locations of the public meetings and indicates the 
approximate number of participants and their affiliations. All of the public meetings concerning 
the Draft PEIS were scheduled for 6:00 p.m. to 9:00 p.m. and followed a uniform agenda.  The 
lead agencies procured an independent contractor who specializes in meeting facilitation and 
team-building to facilitate the meetings.  As part of this service, the facilitator provided bulleted 
lists of participants’ key concerns relayed during the meetings.  The participants were asked to 
confirm the facilitator’s summary at the close of each meeting. 


 
Dr. William Richkus of Versar, Inc., manager of the PEIS Writing Team, opened the 


meetings with an overview of the Draft PEIS, which consisted of a visual presentation and 
handouts (Appendix G, Attachment D: Public Meeting Materials).  A question-and-answer 
session followed during which Dr. Richkus answered participants’ questions about technical 
content of the Draft PEIS. 
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Figure 5-1.  Cumulative downloads of the Draft PEIS from USACE’s PEIS Web page during the 
public comment period (October 17 through December 15, 2008). 


 


Figure 5-2.  Weekly downloads of the Draft PEIS from USACE’s  PEIS Web page showing the 
most frequently downloaded sections of the document. 
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Table 5-1.  Public Meetings for the Draft PEIS for Oyster Restoration 
Number of Participants Affiliations of Participants 


November 5, 2008  – Potomac River Fisheries Commission – Colonial Beach, VA 


~ 50 


PEIS Management Team 
TNC 
NOAA 


 


EPA 
VMRC 
VSC 
Members of the general public 


November 7, 2008 – Virginia Marine Resources Commission – Newport News, VA 


~ 30 


PEIS Management Team 
CBF 
TNC 


 


FWS 
VIMS 
VSC 
Members of the general public 


November 10, 2008  –  Nandua High School – Onley, VA 


~ 50 


PEIS Management Team 
CBF 
Eastern Shore Post 
Elizabeth River Project 


 


Lynnhaven River Now 
TNC 
VMRC 
VSC 
Members of the general public 


November 12, 2008  – Calvert Marine Museum – Solomons,  MD 


~ 50 


PEIS Management Team 
CBF 
CCA 


 


TNC 
NOAA 
VSC 
Members of the general public 


November 13, 2008  – Miller Senate Building – Annapolis, MD 


~ 90 


PEIS Management Team 
ASMFC 
CBF 
CCA 
TNC 


 


USACE – Baltimore District 
EPA 
CBP 
FWS 
VSC 
Members the general public 


November 14, 2008 – Minnette Dick Hall – Cambridge, MD 


~ 60 


PEIS Management Team 
CBF 
Maryland State legislature 


 


Maryland Watermen’s Association 
TNC 
VSC 
Members of the general public 


ASMFC - Atlantic States Marine Fisheries Commission 
CBF - Chesapeake Bay Foundation  
CBP - Chesapeake Bay Program 
CCA - Coastal Conservation Association 
EPA - Environmental Protection Agency 
FWS - U.S. Fish and Wildlife  
NOAA - National Oceanic and Atmospheric Administration 


PEIS - Programmatic Environmental Impact Statement 
PRFC - Potomac River Fisheries Commission  
TNC - The Nature Conservancy 
USACE - U.S. Army Corps of Engineers 
VIMS - Virginia Institute for Marine Science  
VMRC - Virginia Marine Resources Commission 
VSC - Virginia Seafood Council 


 
 
Written and oral comments were submitted during the public meetings.  Attendees were 


requested to indicate on the sign-in sheet if they wished to make a formal statement during the 
meeting.  Following the technical question-and-answer session, those individuals were invited to 
speak before the audience.  After those statements, the facilitator invited the audience to 
comment.  When the audience offered no further comments, the facilitator informed the 
attendees of the date, time, and location of the next meeting and adjourned the meeting.  Each 
meeting was recorded on audiotape to ensure accurate documentation of the oral comments. A 
subcontractor to DNR prepared detailed summaries of the proceedings of each of the public 
meetings (Appendix G, Attachment E: Public Meeting Documentation).     
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5.2.5 Overview of Comments on the Draft PEIS 
 


During the 60-day comment period, the USACE – Norfolk District received comments 
from 2,175 respondents in the form of letters, emails, and statements offered during the public 
meetings.  A total of 92 individuals provided comments during one or more of the public 
meetings.  A variety of concerned residents, business owners, and representatives of watermen’s 
associations and other non-profit organizations provided testimony during those proceedings; 
attendance records and summaries for each meeting are included in Appendix G.  Formal 
responses to comments are presented in Appendix I.  All comments received during the public 
comment period were considered, and copies of all letters and emails received prior to the 
closing date of the comment period (December 15, 2008) are included in Appendix J.   
 
5.2.5.1 Government Agencies 
 


A total of 30 Federal, State, and local resource agencies, government commissions, and 
committees and one academic institution, the Virginia Institute for Marine Science (VIMS), 
submitted letters of comment on the Draft PEIS.  VIMS’ comments were submitted with the 
Commonwealth of Virginia’s comments and are grouped with “Agency Comments” in Appendix 
J.   


 
The following Federal agencies submitted written comments: NOAA, U.S. Department 


of the Interior, and EPA.  Each of those agencies formally expressed support for Alternative 8a.  
The main issues raised by the Federal agencies included 
 


• creation and sustainability of critical 
habitat 


• scientific uncertainty concerning the 
Suminoe oyster 


• economic consequences of a 
moratorium  


• the need to improve enforcement of 
harvest prohibitions for oyster  
sanctuaries and managed reserves 


• human health risks associated with 
introducing the Suminoe oyster 


• interactions between native and 
nonnative species and biodiversity 
loss 


• irreversibility and widespread effects 
of the proposed action 


• economic viability and risks of 
cultivating the Suminoe oyster, 
including the potential for triploid 
reversion 


• policy issues concerning introduction 
of a nonnative species


 
Resource agencies representing states along the Atlantic seaboard submitted 


comments, including agencies in Florida, South Carolina, North Carolina, Virginia, 
Maryland, Delaware, New Jersey, New York, and Maine.  State agencies’ raised concerns 
about the proposed action, specifically regarding the susceptibility of the Suminoe oyster to 
environmental stressors and the uncertainty regarding the spread and biological interactions 
of the species.  The majority of the State agencies requested the use of only the native species 
in all future restoration efforts.   Multi-state and advisory commissions including the Atlantic 
States Marine Fisheries Commission, the Gulf States Marine Fisheries Commission, the 
Delaware River Basin Fish and Wildlife Management Cooperative, and Citizens Advisory 
Commission to the Chesapeake Bay Executive Council also provided formal comments in 
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opposition to the proposed action, citing the potential for adverse ecological consequences, 
human health risks, the Suminoe oyster’s susceptibility to environmental stressors, and 
insufficient economic information for comparing the costs of the alternatives.  Comments 
provided by eight State agencies, commissions, and committees specifically supported 
Alternative 8a or opposed the proposed action.  The office of Meyera E. Oberndorf (Mayor, 
Virginia Beach, Virginia) submitted a letter endorsing Alternative 8a.  The office of Virginia 
Delegate Albert C. Pollard submitted a letter supporting Alternative 8b.  The following 
agencies, commissions, and offices did not indicate support for a specific alternative:  
Maryland Department of the Environment, Maryland Department of Planning, Maryland Port 
Administration, Virginia Department of Environmental Quality, and the Delaware River 
Basin Commission. Table 5-2 and Figure 5-3 summarize the documented preferences of 
Federal, State, and local agencies for specific combinations of alternatives. 


 
Although it is not officially a governmental agency, the Scientific and Technical 


Advisory Committee (STAC) provides guidance to EPA’s Chesapeake Bay Program and 
consists of appointed members selected from Federal and State agencies, universities, 
research institutions, and private industry.  STAC formally recommended Alternative 8a. 
STAC’s letter provides a detailed justification for that decision and identifies the members’ 
assessments of the limitations of the Draft PEIS. 


 
In a formal letter, VIMS commented that a single alternative could not meet 


ecological and economic needs and, therefore, that those needs should be considered 
separately to evaluate the alternatives.  Nevertheless, VIMS formally endorsed Alternative 8a 
based on positive and negative findings regarding the Suminoe oyster.   


 
5.2.5.2 Nongovernmental Organizations 
 


A total of 32 nongovernmental organizations provided comments on the Draft PEIS.  
In addition to various environmental organizations, several organizations from Maryland and 
Virginia that are affiliated with the seafood industry provided comments on the Draft EIS.  
Sixteen of the responding groups expressed concerns about the ecological risks of 
introducing a nonnative species and encouraged continued efforts to restore the native 
species.  Ten organizations favored Alternative 8c but requested the elimination of the 
harvest moratorium from that alternative.  The remaining organizations expressed no clear 
support for any particular alternative. Figure 5-3 illustrates the documented preferences of 
nongovernmental organizations for specific combinations of alternatives. 
 
 
5.2.5.3 Individuals 


 
A total of 2,091 citizens submitted letters, postcards, emails, and oral comments 


concerning the Draft PEIS.  Six representatives of businesses associated with the oyster 
industry commented.  Table 5-2 shows the documented preferences of those businesses 
regarding the combinations of alternatives evaluated in the Draft PEIS. Citizens submitted 
410 identical postcards and 1,341 emails supporting CBF’s official position on the Draft EIS 
(Appendix J, p. J-468).  Approximately 95% of the individuals who commented expressed  
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Table 5-2.  Documented preferences of governmental agencies, businesses associated with the 
oyster industry, and nongovernmental organizations regarding combinations of 
alternatives for restoring oysters in Chesapeake Bay. 


DOCUMENTED PREFERENCE*  
AGENCY or ORGANIZATION None 


Stated 8a 8b 8c 


Federal Agencies and Commissions 
Environmental Protection Agency (EPA)  X   
National Oceanographic and Atmospheric 
Administration (NOAA)  X   


Department of the Interior (DOI) - including the Fish 
and Wildlife Service (FWS)   X   


Chesapeake Bay Program (CBP) – Scientific and 
Technical Advisory Commission (STAC)  X   


CBP – Citizens Advisory Committee (CAC)   Native only   
State and Local Agencies and Commissions 


VA Institute of Marine Sciences (VIMS)  X   
     
NC Marine Fisheries Commission  Native only   
SC Department of Natural Resources   X   
ME Department of Marine Resources  Native only   
NY Department of Environmental Conservation (DEC)  X   
DE Division of Fish and Wildlife, NJ Division of Fish 
and Wildlife, and NY DEC (joint position)  X   


DE DNREC Natural Resources and Environmental 
Control  Native only   


DE River Basin Fish and Wildlife Management 
Cooperative  Native only   


DE River Basin Commission X    
VA Department of Environmental Quality  
 X    


VA DEQ - Waste Division  X    
VA DEQ - VA Dept. of Agriculture and Consumer 
Services 


X    


VA DEQ - Michelle Henicheck X    
VA DEQ - Tidewater Regional Office/ 
VA DEQ - Piedmont Regional Office 


X    


VA DEQ - Office of Air Data Analysis X    
VA Department of Historic Resources X    
VA Department of Conservation and Recreation - 
Kristal McKelvey 


X    


VA Department of Conservation and Recreation - 
Robert S. Munson 


X    


VA Department of Game and Inland Fisheries X    
VA Department of Health X    
Hampton Roads Planning District, Virginia X    
VA Delegate Albert C. Pollard, Jr. District 99    X  
VA Beach Mayor, Meyera E. Oberndorff  X   
MD Port Administration X    
MD Department of Planning X    
MD Department of the Environment X    
FL Fish and Wildlife Conservation Commission  Native only   
Atlantic States Marine Fisheries Commission (ASMFC)  X   
Gulf States Marine Fisheries Commission  X   
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Table 5-2.  (Continued) 


DOCUMENTED PREFERENCE*  
AGENCY or ORGANIZATION None 


Stated 8a 8b 8c 


Businesses 
Bevans Oyster Co./A.J. Erskine   X  
Hazelwood Oyster Farms, Inc./Thomas A. Hazelwood 


   
X 


(Supports 
proposed action) 


Marinetics/Bob Maze  Native only   
Oyster King 1, Inc./Andrew Murdza  Native only   
Mason Seafood/Tommy Mason    X 
Rappahannock River Oysters, LLC/Ryan Croxton   Native only   


Non-governmental Organizations 
VA Seafood Council   X X 
Elizabeth River Project  X   
Defenders of Wildlife  X   
Chesapeake Bay Foundation (CBF)  X   
Chesapeake Bay Seafood Industry Association    X 
MD Conservation Council  X   
Smithsonian Environmental Research  X   
Natural Resources Defense Council  X   
Lynnhaven River Now  X   
VA Aquarium and Marine Science Center Foundation  X   
The Nature Conservancy  X   
Rappahannock Preservation Society  Native only   
Shore Drive Community Coalition  Native only   
The National Aquarium, Baltimore  X   
South Arundel Citizens for Responsible Development, Inc.  Native only   
South River Federation   X   
Southern Maryland Audubon Society  X   
National Wildlife Federation  X   
Partnership for the DE Estuary  Native only   
Oyster Reef Keepers of VA  Native only   
Coastal Conservation Association  X   
Virginia Watermen’s Association X    
Queen Anne’s County Seed Committee    X 
Queen Anne’s County Watermen’s Association X    
Maryland Watermen’s Association    X 
Maryland Oystermen's Association    X 
Dorchester County Watermen’s Association    X 
Talbot County Shell Association    X 
Calvert County Watermen’s Association    X 
Kent County Watermen’s Association    X 
St. Mary’s County Watermen’s Association    X 
Friends of the Rappahannock X    
* Some agencies, businesses, and organizations did not specify a preferred alternative; those are noted as None Stated.  Some indicated that they 


preferred the use of only native oysters in any future restoration efforts, which was interpreted to be analogous to Alternative 8a for accounting in 
this table. 


8a – Eastern oysters only: Enhance efforts to restore Eastern oysters; impose a harvest moratorium and compensation program for the oyster 
industries; cultivate Eastern oysters. 


8b – Eastern oyster and triploid Suminoe oysters: Enhance efforts to restore Eastern oysters; impose a harvest moratorium and a compensation 
program for the oyster industries; cultivate Eastern oysters; cultivate triploid Suminoe oysters. 


8c – Eastern oyster and diploid and triploid Suminoe oysters:  Introduce diploid Suminoe oyster; enhance efforts to restore Eastern oysters; impose a 
harvest moratorium and a compensation program for the oyster industries; cultivate Eastern oysters; cultivate triploid Suminoe oysters. 
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Figure 5-3.  Illustration of the documented preferences of major groups for one of the 


combinations of Alternative 8 specified in the Draft PEIS. 
 
 
support for Alternative 8a or opposed the proposed action.  Approximately 2.6% (56) supported 
Alternative 8c; 0.2% (4) supported Alternative 8b; and 0.05% (1) endorsed the proposed action 
only.  Approximately 2.4% (51) did not specify support for a particular alternative.  Some 
individuals including some seafood businesses and watermen, opposed the inclusion of a harvest 
moratorium as part of Alternatives 8b or 8c. Figure 5-3 illustrates the documented preferences of 
seafood businesses for specific combinations of alternatives. 
 


5.3 REQUIRED CONSULTATIONS 
 
The preferred alternative (Alternative 8a) establishes a broad general direction for future 


oyster restoration programs to be implemented by the USACE and the States of Maryland and 
Virginia using only the native Eastern oyster.  Preferred Alternative 8a does not define specific 
projects in specific locations or specify the scope of any individual element of a comprehensive 
restoration effort.  As a result, it is not possible to identify which Federal or State statutes will be 
applicable and will require coordination with Federal regulatory agencies, State agencies, or 
both.  Section 2.6 listed statues that may be applicable to future programs; this section provides 
greater detail concerning several of the statutes that would require consultation if they apply to a 
specific implementation plan.   


 
Any future restoration programs designed to implement the preferred alternative will be 


likely to require permits from the USACE under Section 404 of the Clean Water Act, Section 10 
of the River and Harbors Act, or both because any restoration action probably will involve either 
placing new substrate on the bottom of the bay or manipulating existing substrates.  The USACE 
will review applications for such permits to determine if the proposed actions are within its 
jurisdiction and if they would be covered under a nationwide permit or would require individual 
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permits. In some cases in which an individual permit is necessary, the applicant could be 
required to prepare an appropriate document in compliance with NEPA regulations to facilitate 
the permitting decision, as noted in Section 2.6.  The following statutes have specific 
consultation requirements that may have to be met before certain actions can be implemented. 


 
5.3.1 Endangered Species Act (ESA) Section 7 Consultation 
 


Section 7(a)(2) of the ESA [16 USC §1536(a)(12)] requires every Federal agency, in 
consultation with and with the assistance of the Secretaries of the Interior, Commerce, or both to 
ensure that any action it authorizes, funds, or carries out in the United States or upon the high 
seas is not likely to jeopardize the continued existence of any species listed as endangered or 
threatened, or result in destruction or adverse modification of critical habitats for listed species. 
This PEIS focuses on describing a proposed action and alternative management strategies for 
attempting to restore the abundance and functions of oysters in Chesapeake Bay and identifies 
the strategy preferred by the lead agencies. Federal permits may be required later at the project or 
site-specific level after the lead agencies develop specific, detailed plans for implementing their 
preferred alternative.  At that point, the appropriate permitting agencies will conduct further 
environmental review, including consultation under Section 7(a)(2) of the ESA, if necessary. 


 
5.3.2 Virginia Department of Conservation and Recreation Consultation 
 


Virginia’s Department of Conservation and Recreation (DCR) has requested coordination 
for project review of any land-based activities in Virginia’s Natural Area Preserves (Section 
3.10.2) that may result from this PEIS (DCR 2008).  According to a Memorandum of Agreement 
between DCR and Virginia’s Department of Agriculture and Consumer Services (VDACS), 
DCR represents VDACS in comments regarding potential effects on state-listed threatened and 
endangered species of plants and insects. The primary contact for such consultation is 
 


Kirstal McKelvey 
Coastal Zone Locality Liaison 
Virginia Department of Conservation and Recreation 
217 Governor Street 
Richmond, Virginia 23219-2010 
(804) 692-0984 


 
 


5.3.3 Essential Fish Habitat Consultation 
 


The Magnuson-Stevens Fishery Conservation and Management Act requires Federal 
agencies to consult with the Secretary of Commerce, through the NMFS, with respect to “any 
action authorized, funded, or undertaken, or proposed to be authorized, funded, or undertaken by 
such agency that may adversely affect any Essential Fish Habitat (EFH) identified under this 
Act” [16 USC § 1855(b)(2)].  When the responsible Federal agency determines that an action 
may adversely affect EFH, the agency must initiate consultation with NMFS [16 USC 
§1855(b)(2)].  To carry out this EFH consultation the responsible Federal agency must submit an 
EFH assessment containing “a description of the action; an analysis of the potential adverse 
effects of the action on EFH and the managed species; the Federal agency’s conclusions 
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regarding the effects of the action on EFH; and proposed mitigation, if applicable” to the NMFS.  
NMFS may request the responsible Federal agency to include additional information in the EFH 
assessment, such as the results of on-site inspections, views of recognized experts, a review of 
pertinent literature, an analysis of alternatives, and any other relevant information [50 CFR § 
600.920(e)(4)].  Depending on the kinds and magnitudes of effects on EFH, compensatory 
mitigation may be necessary to offset permanent and temporary effects of the project.  If the 
project were expected to result in substantial adverse effects on EFH, an expanded EFH 
consultation could be necessary [50 CFR § 600.920(i)].  


 
The implementation of a management strategy to restore the abundance and functions of 


oysters in Chesapeake Bay may result in future, site-specific projects that, if authorized by the 
USACE, could affect EFH and thereby trigger the requirements of the Magnuson-Stevens 
Fishery Conservation and Management Act.  This PEIS describes the general kinds of effects 
that could result from the kinds of site-specific projects for restoring oysters in Chesapeake Bay 
that might be associated with the preferred alternative.  The analysis provided in the PEIS will be 
used to guide the development of any EFH assessments required for future EFH consultations on 
site-specific proposals.  For any future, site-specific project that requires an authorization from 
the USACE, the USACE will make a determination about whether the project would adversely 
affect any EFH in the project area.  If adverse effects are possible, the USACE will initiate an 
EFH consultation by providing an EFH assessment to the NMFS’ Northeast regional office.  The 
primary NMFS contact for the required EFH consultation is 


 
NMFS Northeast Regional Habitat Conservation Division 
One Blackburn Drive 
Gloucester, Massachusetts 01930-2298 
Phone: (978) 281-9277 


 
5.3.4 Fish and Wildlife Coordination Act Consultation 


 
 The Fish and Wildlife Coordination Act of 1958 (FWCA), as amended (Pub. L. 85-624; 
16 U.S.C., et seq.) requires equal consideration of fish and wildlife resources when evaluating 
water resources development programs and projects.  It provides authority for the involvement of 
FWS and NMFS in evaluating effects on fish and wildlife and requires Federal agencies that 
construct, license, or permit water resources development projects to first consult with the FWS 
or NMFS, as appropriate, regarding the potential effects on fish and wildlife resources and 
measures to mitigate those effects; therefore, in order to comply with the FWCA, the USACE 
will consult with the FWS and NMFS prior to making a permit decision or authorization required 
for future actions related to this PEIS.   


5.3.5 National Historic Preservation Act Section 106 Consultation 
 


 Section 106 of the National Historic Preservation Act (NHPA) requires the head of any 
Federal agency having direct or indirect jurisdiction over a proposed Federal or Federally 
assisted undertaking to take into account the effect of the undertaking on any district, site, 
building, structure, or object that is included in or eligible for inclusion in the National Register 
of Historic Places.  The Advisory Council on Historic Preservation (ACHP) Regulations at 
36 CFR Part 800 set forth the procedures that Federal agencies must follow to comply with 
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Section 106 of the NHPA.  The Section 106 compliance process is undertaken in consultation 
with the State Historic Preservation Office (SHPO), Tribal Historic Preservation Office(s) 
(THPO), and other interested parties to identify historic properties that may be affected by the 
project, to assess the potential for adverse effects on those properties and, if the potential for an 
adverse effect is found, to seek ways to avoid, minimize, or mitigate the adverse effects. Section 
36 CFR 800.8 of the ACHP regulations outlines the procedures for coordinating Section 106 
compliance with the National Environmental Policy Act (NEPA) process.  In that process, 
consulting parties provide information about specific historic properties that may be affected by 
the proposed project during the NEPA scoping phase.  The NEPA document then provides an 
assessment of the potential for adverse effects on those properties and identifies proposed 
measures to mitigate the potential adverse effects.  Prior to, or within the time allowed for public 
comment on the NEPA document, the SHPO, THPO, ACHP, or other consulting party may 
object that preparation of the NEPA document has not met the standards set forth in the ACHP 
regulations, or that the substantive resolution of the effects on historic properties proposed in the 
NEPA document is inadequate.  If such an objection is received, the matter is referred to the 
ACHP, which has 30 days to provide an opinion on the objection.  The responsible Federal 
agency must consider the opinion of the ACHP in reaching a final decision on the issue of the 
objection and must prepare a summary of the decision that contains the rationale for the decision 
and evidence of having considered the ACHP’s opinion. 
 


This PEIS describes the general kinds of effects on historic properties that could result 
from the kinds of site-specific projects for restoring oysters in Chesapeake Bay that might be 
associated with implementing the preferred alternative.  The analysis provided in the PEIS will 
be used to guide consultations on site-specific proposals.  For any future, site-specific project, 
the appropriate responsible Federal agency will make a determination about whether the project 
would adversely affect any historic properties in the project area.  If adverse effects are possible, 
the responsible Federal agency will initiate a consultation by contacting the appropriate SHPO.  
The SHPOs for Maryland and Virginia are 


 
J. Rodney Little, Director and SHPO 
Maryland Historical Trust 
Division of Historical and Cultural Programs 
100 Community Place 
Crownsville, Maryland 21031-2023 
 
Kathleen Kilpatrick, Director 
Virginia Department of Historic Resources 
2801 Kensington Avenue 
Richmond, Virginia 23221 
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the Final Programmatic Environmental Impact Statement (PEIS).  The Final PEIS is also 
available on the USACE, Norfolk District website and in libraries. Numerous people who 
provided their e-mail addresses at the public meetings or through public comments have been 
notified concerning the availability of the document. 
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PO Box 769 
Morehead City, MC 28557 
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201 W. Preston St. 
Baltimore, MD 21201 


Rene Hypes 
VA Dept. of Conservation and 
Recreation 
217 Governor St. 
Richmond, VA 23219 
 


Ellie Irons 
VA Dept. of Environmental  
Quality 
629 E. Main St. 
Richmond, VA 23219 


Linda Janey 
MD Dept. of Planning 
301 W. Preston St. 
Baltimore, MD 21201 
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Derral Jones 
VA Dept. of Conservation and 
Recreation 
203 Governor St., Ste. 326 
Richmond, VA 23219 
 


James Joseph 
NJ Division of Fish & Wildlife 
501 E. State St., 3rd Floor 
Port Republic, NJ 08241 


Chris Judy 
MD DNR 
580 Taylor Ave. 
Annapolis, MD 21401 
 


George LaPointe 
ME Department of Marine  
Resources 
21 State House Station 
Augusta, ME 04333 


Roland Limpert 
MD DNR 
580 Taylor Ave, Room B-3 
Annapolis, MD 21401 


Ryan M. Link 
Chesapeake Bay Local  
Assistance Dept. 
101 N. 14th St., 17th Floor 
Richmond, VA 23219 
 


Elizabeth Locklear 
VA Dept. of Conservation and 
Recreation 
203 Governor St., Ste. 326 
Richmond, VA 23219 
 


Kate Meade 
Maryland Environmental Service 
259 Najoles Rd. 
Millersville, MD 21108 


Del. Dan Morhaim 
MD House of Delegates 
6 Bladen St., Room 362 
Annapolis, MD 21401 


Crystal Nance 
VA Dept. of Conservation and 
Recreation 
217 Governor St. 
Richmond, VA 23219 
 


Mitchell Norman 
VA. Dept. of Game and Inland 
Fisheries 
500 Hinton Ave. 
Chesapeake, VA 23323 


Tom O’Connell 
MD DNR 
580 Taylor Ave. 
Annapolis, MD 21401 


Bert Parolari 
VA Dept. of Environmental  
Quality 
5636 Southern Blvd. 
Virginia Beach, VA 23426 
 


Paul Peditto 
MD DNR 
580 Taylor Ave. 
Annapolis, MD 21401 


A.C. Ray 
VA Dept. of Transportation 
1401 E. Broad St. 
Richmond, VA 23220 


Roger Richardson 
MD Dept. of Agriculture 
50 S. Harry S. Truman Pkwy. 
Annapolis, MD 21401 
 


Karl Roscher  
MD Dept. of Agriculture 
50 S. Harry S. Truman Pkwy. 
Annapolis, MD 21401 


Edward Santoro 
Delaware River Basin  
Commission 
25 State Police Drive 
West Trenton, NJ 08628 
 


Alexi Sharov 
MD DNR 
580 Taylor Ave. 
Annapolis, MD21401 


Larry Simpson  
Gulf States Marine Fisheries 
PO Box 726  
Ocean Springs, MS 39566 
 


Jack Travelstead 
VA Marine Fisheries Commission
2600 Washington Ave. 
Newport News, VA 23607 


Robert Tudor 
Delaware River Basin Commission 
25 State Police Road 
PO Box 7360 
West Trenton, NJ 08628 
 


Alan Weber 
VA Dept. of Health 
109 Governor St. 
Richmond, VA 23219 


Joanna Wilson 
VA Dept. of Historic Resources 
2801 Kensington Ave. 
Richmond, VA 23221 
 


Heather Wood 
VA Port Authority 
600 World Trade Center 
Norfolk, VA 23510 
 


Commissioner 
VA Dept. of Health 
109 Governor St. 
Richmond, VA 23219 


State Coordinator 
VA Dept. of Emergency Services
10501 Trade Ct. 
Richmond, VA 23236 
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Watershed Field Coordinator 
VA Dept. of Conservation and 
Recreation 
1548-A Holland Rd. 
Suffolk, VA 23434 


  


 
8.3 BUSINESS AND CIVIC ORGANIZATIONS 
 


Jennifer Adkins 
Partnership for the DE Estuary 
110 South Poplar Street, Ste. 202 
Wilmington, DE 19801 
 


Brett Bancroft 
Maritime Aboriginal Aquatic 
Resources Secretariate 
172 Truro Heights Road 
Truro Heights, NS CA B6L 1X1 
 


Mark Bryer 
The Nature Conservancy 
5410 Grosvenor Lane, Ste. 100 
Bethesda, MD 20814 


Lynn Clements 
VA Aquarium & Marine  
Science Center Foundation  
717 General Booth Blvd.  
Virginia Beach, VA 23451 
 


Howard (Chip) Crum 
Maryland Aquaculture Association
4007 A Buckeystown Rd. 
Frederick, MD 21704 


Aimee Delach 
Defenders of Wildlife 
1130 17th Street NW 
Washington, DC 20036 


Jim Elliott 
Chesapeake Bay Program 
Citizens Advisory Committee 
PO Box 1981  
Richmond, VA 23218 
 


Charles Frederickson 
James River Association 
9 S. 12th Street, 4th Floor 
Richmond, VA 23219 


Bill Goldsborough 
Chesapeake Bay Foundation 
8 Herndon Ave. 
Annapolis, MD 21403 
 
 


Paulette Hammond 
MD Conservation Council 
2304 South Road 
Baltimore, MD 21209 


Capt. Bob Jensen 
Rappahannock Preservation Society
PO Box 6 
Topping, VA 23169 
 


Austin Kane 
National Wildlife Federation 
11100 Wildlife Center Drive 
Reston, VA 20190 


Marjorie Mayfield 
Elizabeth River Project 
475 Water St., Ste. C103A 
Portsmouth, VA 23704 
 


Erick Michelsen 
South River Federation  
2830 Solomons Island Road 
Edgewater, MD 21037 
 


Jim Mullen 
Maryland Oystermen’s  
Association 
PO Box 290  
Rock Hall, MD 21661 
 


David Pittenger 
National Aquarium in Baltimore 
Pier 3/501 Pratt Street 
Baltimore, MD 21202 
 


Frances Porter 
Virginia Seafood Council 
76 Raleigh Road 
Newport New, VA 23601 
 


Joe Reiger 
Elizabeth River Project 
475 Water St., Ste. C103A 
Portsmouth, VA 23704 
 


Todd Solomon 
Shore Drive Community Coalition 
2260 First Landing Lane 
Virginia Beach, VA 23451 
 


Laurie Carroll Sorabella 
Oyster Reefs Keepers of VA 
PO Box 55201 
Virginia Beach, VA 23471 
 


Skip Stiles 
Wetlands Watch 
P.O. Box 9335 
Norfolk, VA 23505 
 


Randi Strutton 
Hoffler Creek Wildlife Assn. 
4510 Twin Pines Rd. 
Portsmouth, VA 23703 
 


Lisa Suatoni 
Natural Resource Defense Council 
40 W 20th Street  
New York, New York 10011 


Stephen Tanney 
HDR, Inc. 
One Blue Hill Plaza, Floor 12 
Pearl River, NY 10965 
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John Tippitt 
Friends of the Rappahannock 
PO Box 7254 
Fredericksburg, VA 22404 
 


Col. Joe Thomas 
Elizabeth River Project 
475 Water St., Ste. C103A 
Portsmouth, VA 23704 


Michael Upford 
The Nature Conservancy 
5410 Grosvenor Lane 
Ste. 100 
Bethesda, MD 20814 


Nathaniel Williams 
The Nature Conservancy 
5410 Grosvenor Lane, Ste. 100 
Bethesda, MD 20814 
 


  


 
8.4 LIBRARIES 


 
Andrew G. Truxal Library 
101 College Pkwy. 
Arnold, MD 21012 


Anne Arundel Co. Public Library 
5 Harry S. Truman Pkwy. 
Annapolis MD 21401 


Calvert Co. Public Library 
30 Duke St. 
Prince Frederick, MD 20768 
 


Central Rappahannock Regional 
Library 
1201 Caroline St. 
Fredericksburg, VA 22401 


Chesapeake College Library 
Learning Resources Center 
Wye Mills, MD 21679 


Corbin Memorial Library 
4 E. Main St. 
Crisfield, MD 21817 


Dorchester Co. Library 
303 Gay St. 
Cambridge, MD 21613 


Dorchester Co. Library 
222 S. Main St 
Hurlock, MD 21643 


Eastern Shore Public Library 
23610 Front St. 
Accomac, VA 23301 
 


Eastern Shore Public Library 
23610 Front St. 
Accomac, VA 23301 


Enoch Pratt Free Library 
400 Cathedral St. 
Baltimore MD. 21201 


Fairfax Co. Public Library 
12000 Government Center Pkwy.  
Ste. 324 
Fairfax, VA 22035 
 


Federal Maritime Commission 
1100 L St. NW 
Washington, DC 20573 


Henrico Co. Public Library 
1001 North Laburnum Ave. 
Richmond, VA 23223 


Kent Co. Public Library 
408 High St. 
Chestertown, MD 21620 
 


Lewis Egerton Smoot Memorial 
Library 
9533 Kings Hwy. 
King George, VA 22485 
 


Loudon Co. Public Library 
908 Trailview Blvd. 
Leesburg, VA 20175 


MD State Law Library 
361 Rowe Blvd. 
Annapolis, MD 21401 


Norfolk Public Library 
301 E. City Hall Ave. 
Norfolk, VA 23510 


Northumberland Co. Public Library
7204 Northumberland Hwy. 
Heathsville, VA 22473 
 


Petersburg Public Library 
137 S. Sycamore St. 
Petersburg, VA 23803 


Queen Anne’s Co. Free Library 
200 Library Cir. 
Stevensville, MD 21666 


Queen Anne’s Co. Free Library 
121 S. Commerce St. 
Centreville, MD 21617 


Richmond Public Library 
101 E. Franklin St. 
Richmond, VA 23219 
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Somerset Co. Library 
11767 Beechwood St. 
Princess Anne, MD 21853 
 


Somerset Co. Library 
Ewell Branch 
20910 Caleb Jones Rd. 
Ewell, MD 21824 
 


St. Mary’s Co. Memorial Library 
23250 Hollywood Rd. 
Leonardtown, MD 20650 


State Department of Legislative 
Reference Library 
90 State Cir. 
Annapolis, MD 21401 


Sudlersville Memorial Library 
105 W. Main St. 
Sudlersville, MD 21668 


Talbot Co. Free Library 
106 Freemont St. 
St. Michaels, MD 21663 


Talbot Co. Free Library 
100 W. Dover St. 
Easton, MD 21601 
 


Talbot Co. Free Library 
21374 Foster Ave. 
Tilghman, MD 21671 


Calvert Library, Twin Beaches  
Branch 
3819 Harbor Rd. 
Chesapeake Beach, MD 20732 
 


Virginia Beach Public Library 
2416 Courthouse Dr., Building 19 
Virginia Beach, VA 23456 
 


Wicomico Co. Free Library 
122 S. Division St. 
Salisbury, MD 21801 


 


 
8.5 OTHER INDIVIUALS 


 
Standish K. Allen 
VA Institute Marine Science 
The William & Mary College 
PO Box 1346  
Gloucester, VA 23062 


Denise Breitburg 
Smithsonian Environmental  
Research Center 
PO Box 28 
Contees Wharf Road 
Edgewater, MD 21037 
 


Mike Burke 
Office of Benjamin Cardin, U.S. 
Senator 
2602 Cheverly Avenue 
Cheverly, MD 20785-3014 
 


W.R. Carter 
14272 Draper’s Mill Road  
Greensboro, MD 21639 


Mary Christman 
University of Florida 
P.O. Box 110339 
Gainesville, FL 32611 
 


Pete Dewitt 
7325 Puncheon Road 
Pocomoke City, MD 21815 


Ida C. Hall 
1430 Jarvis Point Road 
Kilmarnock, VA 22482 


Maurice Heral 
French Research Institute for 
Exploitation of the Sea (IFREMER)
92138 Issy-les-Moulineaux Cedex 
France 
 


Anson H. Hines   
Smithsonian Environmental  
Research Center 
PO Box 28 
Contees Wharf Road 
Edgewater, MD 21037 
 


Steve Hocking 
14272 Draper’s Mill Road 
Greensboro, MD 21639 


Romuald Lipcius 
VA Institute of Marine Science 
PO Box 1346  
Gloucester, VA 2306 
 


Clyde Miller 
3436 Skyview Terrace 
Falls Church, VA 22042 


Thomas Murray 
VA Institute of Marine Science 
PO Box 1346  
Gloucester Point, VA 23062 
 


Hon. W. Tayloe Murphy, Jr. 
PO Box 1475 
Richmond, VA 23212 


Judith Pederson 
International Council for  
Exploration of the Sea 
292 Main St., E38-300 
Cambridge, MA 02139 
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Read Porter 
The Environmental Law Institute 
2000 L Street, NW, Ste. 620 
Washington, D.C. 20036 
 


Fred Powledge 
25040 Old Brick Way 
Hollywood, MD 20636 


Bill Richkus 
Versar, Inc. 
9200 Rumsey Rd. 
Columbia, MD 21045 


JC Rogers 
17194 Piney Point Road 
Box 239 Piney Point, MD 20674 
 


Kevin Sellner 
Chesapeake Research Consortium 
645 Contees Wharf Rd. 
Edgewater, MD 21037 
 


Robert Weiland 
Main Street Economics 
PO Box 11 
Trappe, MD 21673 


 





