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FOREWORD

Environmental protection in the 1990s is pervaded by the language of risk, and

" environmental policies are set by the concepts and methods of risk assessment. Risk assessment
and risk management provide the primary framework for decision-making at tlée U.S.
Environmental Protection Agency (EPA), and EPA’s primary mission is to reduce risks to
environmental stressors. EPA’s first Agencywide guidelines for ecological risk assessment,
published in May 1998, provided a broad framework applicable to a wide range of environmental
problems associated with chemical, physical, and biological stressors. However, although EPA
has considerable experience in applying the ecoldgical risk assessment paradigm to chemical
contaminants, Agency experience for physical and especially biological stressors is limited. This
report illustrates the applicability of the new ecological risk assessment guidelines to biological
stressors such as nonindigenous pathogenic shrimp viruses.

Conducting the shrimp virus assessment illustrates several important points about the
ecological risk assessment process. First is the importanée of stakeholder involvement. Given
that the shrimp virus issue involves sensitive socioeconomic and political issues, it was essential
to hold meetings with stakeholders prior to completing the risk assessment and to conduct the -
risk assessment process openly. Second, although there are critical data gaps and uncertainties
surrounding the shrimp virus issue, the ecological risk assessment process facilitates clear
communication of available scientific information in a way that facilitates environmental
decision-making. Finally, a primary objective of conducting a risk assessment is to support risk
management activities. The use of this shrimp virus risk assessment as input to a subsequent risk
management workshop provides this critical linkage. Overall, this assessment provides an

excellent prototype for evaluating the risks associated with biological stressors.

William H. Farland
Director
- National Center for Environmental Assessment
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PREFACE

Public concerns over the potential introduction and spread of nonindigenous pathogenic
shrimp viruses to the wild shrimp fishery and shrimp aquaculturé industry in U.S. coastal waters
have been increasing. Although these viruses pose no threat to human health, outbreaks on U.S.
shrimp farms, the appearance of diseased shrimp in U.S. commerce, and new information on the
susceptibility of shrimp and other crustaceans to these viruses prompted calls for action. In
response, the Joint Subcommittee on Aquaculture (JSA) tasked a Federal interagency Shrimp
Virus Workgroup with assessing the shrimp virus problem. Four Federal agencies are
represented on the JSA Shrimp Virus Workgroup: the National Marine Fisheries Service
(NMFS), the Animal and Plant Health Inspection Service (APHIS), the Environmental Protection
Agency (EPA), and the Fish and Wildlife Service (FWS). ‘

In June 1997, the Shrimi) Virus Workgroup summarized the available information on
shrimp viruses in a report to the JSA entitled “An Evaluation of Potential Shrimp Virus Impacts
on Cultured Shrimp and on Wild Shrimp Populations in the Gulf of Mexico and Southeastern
U.S. Atlantic Coastal Waters” (JSA Shrimp Virus Report [JSVR]). During July 1997, in
cooperation with the JSA, EPA’s Natjonal Center for Environmental Assessment (NCEA)
sponsored a series of four stakeholder meetings to gather stakeholder input on the JSVR and the
shrimp virus issue. The JSVR and the stakeholder (public) comments formed the basis for the
shrimp virus peer review and risk assessment workshop, held during January 1998. Workshop
participants considered several potential pathways of nonindigenous pathogenic shrimp viruses
to wild shrimp populations, including shrimp aquaculture, shrimp processing, and “other”
sources and pathways, and independently assessed risks using a cjualitative risk assessment
approach developed by the Aquatic Nuisance Species Task Force. The workshop report was
revised based on comments provided by an external scientific review in J uly 1998.

This workshop report, together with the results of the independent scientific review, was
used as the basis for a risk management workshop on shrimp viruses held on July 28-29, 1998, in
New Orleans. The risk management workshop, jointly sponsored by the EPA Gulf of Mexico
Program, NMEFES, and the USDA Agricultural Research Service, Heveloped options and strategies
for managing the threat of shrimp viruses to cultured and wild stocks of shrimp in the Gulf of
Mexico and southeastern U.S. Atlantic coastal waters.
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1. EXECUTIVE SUMMARY

This report highlights issues and conclusions from the Shrimp Virus Peer Review and
Risk Assessment Workshop, sponsored by the U.S. Environmental Protection Agency (EPA) in
cooperation with the Joint Subcommittee on Aquaculture (JSA; National Science and

Technology Council), held January 7-8, 1998, in Arhngton VA. The goals of the workshop
were to:

« Complete a qualitative assessment of the risks associated with shrimp viruses,
following the general risk assessment process developed by the Aquatic Nuisance
Species Task Force.

« Evaluate the need for a future, more comprehensive risk assessment.

« Identify critical risk-relevant research needs.

The workshop focused on the scientific and technical aspects of the likelihood that
nonindigenous viruses will become established in wild shrimp populations in the Guif of Mexico
and southeastern Atlantic coastal regions and on the potential ecological consequences of
establishment. The workshop included 22 experts with varied backgrounds, including shrimp
biology, toxicology, virology, marine ecology, ecological risk assessment, and shrimp
aquaculture and processing. Before the workshop, participants received several background
documents (ERG, 1997; JSA, 1997; ANSTF, 1996 [Appendix G]) and they were asked to
prepare written premeeting comments for review by all participants. (These comments appear in
Appendix C.) At the workshop, participants were divided into three groups, each of which was
charged with evaluating the risks associated with one of the following categories of viral
pathways: ‘

e Aquaculture
¢ Shrimp processing
e Other potential sources

The risk that shrimp viruses pose to shrimp aquaculture operations was not considered as
part of the scope of the workshop due to the limited time available; however, workshop
participants believed that the risks to shrimp aquaculture should be given spemal attention as part

of a subsequent technical or management workshop.




The qualitative risk assessment was conducted using the modiﬁed Aquatic Nuisance
Species Task Force risk assessment approach (ANSTF, 1996; Appendix G). In developing the
qualitative risk assessment, participants considered the following:

» Likelihood of viruses being present in the pathway

» Ability of the viruses to survive transit in the pathway

» Colonization potential of the viruses in native shrimp

» Spread potential of the virus within native shrimp populations
» Consequences of establishment

In general, workshop participants agreed that viruses could be associated with pathways
leading to coastal environments and that they could survive in these pathways. Participants
concluded that there is potential for viruses to colonize native shrimp in localized areas, such as
an estuary or embayment, near the point of entry into the marine System. Some participants also
noted that repeated viral introductions to an area will increase the risk of colonization.

Participants had widely divergent views on the potential for viruses to spread beyond the
initial local area of colonization. This divergence largely reflects the high uncertainty associated
with this aspect of exposure. Participants considered the potential for localized colonization and
subsequent spread to be a critical aspect of evaluating the potential establishment of viruses in
native shrimp.

Workshop participants discussed the impact that virus establishment could have on local
shrimp populations (e.g., within an individual estuary). The participants determined that initial
kill rates might be high but that the population would be likely to recover rapidly due to
reintroduction of shrimp from other locales or compensatory increases in reproduction.
Workshop participants concluded that the risk from viral introductions to the entire population of
native shrimp along the southeastern Atlantic coast and within the Gulf of Mexico is relatively
low, although there is a high degree of uncertainty associated with this evaluation.

The ability of workshop participants to address broader ecological risks in a
comprehensive manner was limited by the time and information available. However, some
participants thought that the issue of broader ecological risks is important and merits further
consideration. | | |

Workshop participants identified areas where further research and information would
improve the assessment of risks and could help evaluate current conditions. They also identified

actions for reducing uncertainty that should be given the highest priority, including:




2. INTRODUCTION

This report highlights issues and conclusions from the Shrimp Virus Peer Review and
Assessment workshop sponsored by the U.S. Environmental Protection Agency (EPA) in
cooperation with the Joint Subcommittee on Aquaculture (JSA), held January 7-8, 1998, in
Arlington, VA. The goals of the workshop were to:

» Complete a qualitative assessment of the risks associated with shrimp viruses, |
following the general risk assessment process developed by the Aquatic Nuisance
Spemes Task Force (ANSTF)

» Evaluate the need for a future, more comprehensive rlsk assessment

» Identify critical risk-relevant research needs

The workshop focused on the scientific and technical aspeéts of the likelihood that
nonindigenous viruses will become established in wild shrimp populations in the Gulf of Mexico
and southeastern Atlantic coastal regions and on the potential consequéncés of such
establishment. , ’

This section provides an overview of the recently published JSA report (JSA, 1997) that
formed the basis for the workshop, a description of the workshop process, and a discussion of the
qualitative risk assessment approach used at the workshop. Section 2 of this document
summarizes discussions held during the workshop on several aspects of the qualitative risk -
assessment procéss, and it contains a risk characterization developed by the workshop chair and
breakout group chairs following the Workshop’s conclusion. Section 3 discusses actions for
reducing uncertainty that were identified by participants during the workshop. The reports of
each breakout group are contained in Appendix A.

2.1. JSA REPORT OVERVIEW

_ Dr. Kay Austin of EPA’s National Center for Environmental Assessment, and a member
of the JSA Shrimp Virus Work Group, discussed the work group’s efforts to date and described
events leading to the workshop. She provided an overview of the purpose, scope, and findings of
the work group’s report, entitled “An Evaluation of Potential Shrimp Virus Impacts on Cultured
Shrimp and on Wild Shrimp Populations in the Gulf of Mexico and Southeastern U.S. Atlantic
Coastal Waters” (hereinafter called JSA report) (JSA, 1997). Highlights of her presentation
follow. ‘
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New, highly virulent viruses have been documented in foreign shrimp aquaculture.
Consumer demand for shrimp continues to grow, and to meet this demand, the United States has
greatly increased shrimp importation from areas of the world where pathogenic shrimp viruses
are known to be endemic. Recent events have prompted calls for investigation into the actual
risks to U.S. domestic resources. These events have included catastrophic viral outbreaks in
shrimp aquaculture both in the United States and abroad, recent appearances of these organisms
in shrimp in commercial retail stocks, and new information on the susceptibility of shrimp and
other crustaceans to these organisms. While some of these viruses have severe and lethal effects
in crowded aquaculture conditions, they are not known to pose threats to human health.

The U.S. shrimp industry (harvesting and processing alone) is valued at $3 billion per
year. Imported shrimp account for more than 80% of the market. In 1995, imports exceeded
domestic production by a ratio of four to one, amounting to 720 million pounds (in tails). The
largest share of these imports comes from Latin America and Asia, areas of the world where
shrimp viruses are endemic. Domestic aquaculture operations, in contrast, account for a much
smaller portion of the U.S. market, ranging from 2 million pounds in 1991 to 4 million pounds in
1994,

The JSA, which is under the auspices of the President’s National Science and Technology
Council, formed the interagency Shrimp Virus Work Group in March 1996 to assess the risks
associated with these emerging viral pathogens. Four Federal agencies are represented in the
work group: the National Marine Fisheries Service (NMFS), EPA, the U.S. Fish and Wildlife
Service (USFWS), and the U.S. Animal and Plant Health Inspection Service (APHIS). JSA
charged the work group with developing a Federal interagency s’&ategy to address the shrimp
virus issue and to identify relevant research on viral stressors, their potential mode of
transmission, and their potential for introduction to U.S. shrimp resources.

The work group recognized that the shrimp virus problem presents some unique issues in
risk assessment. Members determined that the problem is a complex one that moves beyond the
traditional single-chemical, single-species assessment process. The shrimp virus problem
involves potentially nonindigenous viral stressors and has great potential to significantly impact
the U.S. shrimp industry and other ecological components of coastal systems.

During its initial evaluation of the problem, the work groﬁp decided to base its approach
on EPA’s ecological risk assessment guidelines, which were published in draft form in 1996
(U.S. EPA, 1996). Because the work group determined that not enough information was
available to complete an actual risk assessment, it followed a problem formulation appfoach that
enabled the work group to summarize risk-relevant information available prior to January 1997
and to identify data gaps and critical research needs.
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During its problem formulation activities, the work group developed a, prdposed
management goal and identified potential viral sources, potential viral and other environmental
stressors, and potential ecologicél effects. The work group also reached consensus on assessment
endpoints and developed a conceptual model (Figure 1) that illustrates the linkages between
human activities, viral stressors, and assessment endpoints of concern. The work group’s report
was completed in June 1997.

Significant findings of the JSA report include the following:

» Viral disease has been associated with severe declines in wild shrimp harvests in the
Gulf of California. Populations of the blue shrimp, Penaeus stylirostris, and other
less dominant species plummeted coincident with the observed occurrence of IHHNV
disease in wild shrimp populations in the Gulf of California. The work group found
that this is the best piece of epidemiologic information suggesting a link between
introduced viruses and declines in wild shrimp populations. There remains
considerable debate, however, regardlng the validity of this association of disease and
effects.

+ Nonindigenous shrimp viruses have not been documented in wild U.S. shrimp
populations; until recently, detection efforts have been minimal. Sampling techniques
may have been inadequate, and the correct technology may not have been available to
adequately detect the viruses. -

+ Numerous nonindigenous viral disease outbreaks have occurred in U.S. shrimp
aquaculture since 1994, and frozen shrimp in commerce have been found to be
contaminated with these viruses. Laboratory studies show that all life stages of
shrimp are potentially at risk from at least one of the four viruses covered in the JSA
1997 report.

e Harvesting practices in foreign aquaculture could put U.S. domestic shrimp ‘
populations at risk. The work group learned that when an outbreak occurs in some
foreign aquaculture operations, the affected crop is often harvested 1mmed1ately and
exported to avoid severe crop and monetary losses.

* Shrimp may be contaminated from a number of possible sources. The work group
identified aquaculture and shrimp processing as two potentially important sources that
may affect wild shrimp populations. Potential pathways for nonindigenous viruses to
reach shrimp populations via these sources are shown in Figures 2 and 3. The work
group also considered a number of other possible sources, such as live and frozen bait
shrimp, ballast water, and natural spread by mechanisms such as hurricanes, floods, or
animals. Research and display facilities also may be a source of exposure to wild
populations.

2-3




Effects

v

Assessment Endpoint:
Ecological structure and function of
coastal and near-shore marine
communities as they affect penaeid

survival, growth, and
reproduction of Penaeid

shrimp populations shrimp

¥ — 2
l"‘ > Shrimp . Other
Aquacuiture ‘ Processing .- '.. Sources/Pathways
STRESSORS
cal Factors
Taura Syndrome | §1!9-$-3-Q!§- Ecologi
White Spot {e.g., harvesting, (e.g., temperature,
Yellow Head contaminants, salinity, predation)
IHHNV habitat destruction)
EX.EQ&ELE - L %’Emﬁzea
leen?eld P P&
{Shrim p Naupitus
— Life :
c ' " Aduft @
ycle | Q.
- OCEAN
Individual |
v _ Mortality I
Species g Effects

y
A AR ,

Assessment Endpoint:

Figure 1. Shrimp virus conceptual model. This model was provided to workshop
participants to assist with their discussions. Participants focused their discussions
on viral stressors and direct effects on penaeid shrimp.
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* Species other than shrimp may be at risk from these viruses. Viral disease could
result in alterations to ecosystem structure or function, potentially affecting a wide
range of endpoints, such as predator-prey relationships, competition, and nutrient
cycling. Many other economically and ecologically important organisms that occupy
coastal areas feed on juvenile shrimp, and impacts to these organisms could be serious
if the wild shrimp populations on which they feed decline. Other organisms may be
susceptible to disease themselves or serve as carriers of these viruses.

During July 1997, JSA and EPA sponsored public meetings in Charleston, SC; Mobile,
AL; Brownsville, TX; and Thibodaux, LA, to gather stakeholder input on the shrimp virus issue
and the JSA report. Stakeholders included individuals from the wild shrimp fishery industry, the
shrimp aquaculture industry, the shrimp processing industry, environmental organizations,
regulatory and resource management agencies, and the general public. The minutes of these
stakeholder meetings were published in October 1997 (ERG, 1997).

2.2. PEER REVIEW OF JSA SHRIMP VIRUS REPORT

Prior to the workshop, Eastern Research Group (ERG) provided all experts with a number
of documents and materials to help the experts prepare for the workshop and to assist them in
developing a peer review of the JSA report. The materials provided included the JSA report
(JSA, 1997), the minutes of the stakeholder meetings about the JSA report (ERG, 1997), and a
copy of a qualitative risk assessment process for nonindigenous organisms (ANSTF, 1996).
Panel members (Appendix B) were asked to review the material and prepare written comments to
address questions on the following topics:

* Management goals, assessment endpoints, and the conceptual model
» Viral stressors and factors regulating shrimp populations

» Viral pathways and sources

» Stressor effects

* Comprehensive risk assessment and research needs -

A(Lists of the peer review éxperts and their breakout group discussion assignments are
contained in Appendix B. The charge to experts and the experts’ premeeting written comments
are contained in Appendix C. Overheads prepared by the chairpersons that summarize the
premeeting comments are contained in Appendix F.)
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Below are summarized the peer review comments by expert panel members on aspects of
the JSA report (excluding sections not directly relevant to the JSA report) important to
developing a qualitative ecological risk assessment. The recomh1ended modifications to
information included in the JSA report were considered in discussions at the workshop and
incorporated as appropriate into the qualitative risk assessment.

2.2.1. Management Goal, Assessment Endpoints, Conceptual Model, and Scope of the
Assessment

The participants were charged with commenting on how well the JSA report’s proposed
management goal, assessment endpoints, and conceptual model reflected the dimensions of the
shrimp virus problem. Those persons responding generally agreed that the proposed
management goal adequately reflected the broader dimensions of the shrimp virus problem.
However, a number of participants offered suggestions to further broaden the focus of the
management goal to include the following: enlarging the report’s geographic coverage to include
the U.S. Pacific coast; focusing on risks to aquaculture; considering other potential pathogens
(e.g., other viruses, bacteria, fungi) and other potentially susceptible organisms; addressing other
environmental stressors pgtentially impacting wild shrimp populations (e.g., pollutants, coastal
development); and evaluating the economic impacts related to developing (or not) alternative
seafood production methods. One reviewer also indicated that the management goal may have
been appropriate in 1996, as it assumed the four viruses were “new” and none had been
established in U.S. coastal waters. However, the reviewer noted that there is growing evidence
that at least one of the four viruses (WSSV) may have already become established. Other
reviewers emphasized the need to keep the focus of the management goal and assessment
endpoints narrow for the risk assessment to be manageable.

Participants generally agreed that the proposed assessment endpoints were adequate to
address the scope of the problem. Many reviewers broadly interpreted or accepted the intent of
the first assessment endpoint—*“survival, reproduction of wild shrimp”—but they viewed the
second proposed assessment endpoint—“ecological structure and function”—as too broad to be
measurable or meaningful. Some believed that the second proposed endpoint should be deleted
and replaced with one to address concerns for potential risks to a broad range of other marine

organisms. A number of other recommendations were made to modify the proposed endpoints,
including the following: emphasize risks of viruses to aquaculture, focus on ecological aspects
not necessarily related to wild shrimp populations and harvest, and develop comprehensive data
on the genetic structure and prevalence of viruses in natural populations. One expert expressed




concern that the report did not focus enough on ecologically important, nonpenaeid species such
as the grass shrimp. ' ' 7 '

Reviewers expressed a variety of opinions about the scope of the conceptual model and
the risk assessment. While some experts-indicated that the proposed conceptual model should be -
expanded to include the full range of probable risks and to develop a suite of related assessment
endpoints, others emphasized that such an expansion would be overly ambitious for the initial
phase of the risk assessment. It was recommended that all potentially important interactions
should be identified in the conceptual model and connectivity between various endpoints or
systems should be represented. One reviewer noted that the assessment might be expanded
following the findings of the initial phase of the risk assessment.

2.2.2. Viral Stressors and Factors Regulating Shrimp Populations (Relevance of
Laboratory Data, Human Health Concerns, Reliability of Available Identification
Techniques) ' ' ,

Because of the lack of extensive field data on virus effects on wild shrimp populations,
participants were asked to judge the relevancy of information on virus infectivity and effects
from laboratory or intensive aquaculture to.determine virus effects on wild shrimp populations.
Opinions varied widely. Some participants viewed such information as totally irrelevant given
conditions in an aquaculture setting, such as high densities that can potentially contribute to
susceptibility, virus infectivity, and spread. Others noted that while this type of information
could not be used to make reliable predictions about virus effects on wild populations, it is
valuable in determining the potential for effects to occur in the wild. Reviewers noted that
laboratory studies can be used to establish potential host range, and dose response data can be
used to predict impacts to wild populations. In some cases, participants noted that such data can
provide the best and most reliable information available.

The JSA report indicated that concerns for human health effects of shrimp viruses could
be “ruled out” based on expert opinion and numerous observations, given the tremendous
quantities of shrimp imports over the past 30 years and the lack of evidence of human health
effects as a result of shrimp importation, processing, and consumption. Workshop participants
were asked to comment on the report’s conclusions. Opinions varied; some experts were more
cautious and expressed the opinion that it was premature to completely rule out human health
- effects, while others with perhaps more extensive experience working with the viruses of interest
offered a differing point of view. The latter group noted that while one can never be absolutely
certain that a nonhuman host virus will not become infectious to humans, it is highly unlikely
that shrimp viruses will affect human health. Participants noted that viruses co-evolve with their
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hosts and become highly adapted to particular hosts. Given the tremendous evolutionary distance
between vertebrates and invertebrates, it is improbable that these viruses could infect humans or
other vertebrates, even by mutating. However, factual evidence to clarify this uncertainty is
Jacking. , |
The JSA report expressed concern about the availability and reliability of methods for
isolation and identification of shrimp viruses in wild populations and environmental media.
Expert panel members were asked to comment on their understanding of this issue. Opinions
were divided; some panel members responded that identification techniques are reliable and
effective, while others pointed out that detection methods have yielded mixed results. It was
noted that bioassays, histologic examination, and serologic methods have been applied, but their
specificity and sensitivity have been difficult to assess. Panelists said that methods are available
for only three or four of the viruses focused on by the JSA report, and the complex nature of this
testing may not allow definitive conclusions to be made about occurrence. Most participants
commented that additional research is needed to develop molecular, immunologic, and
diagnostic techniques to screen for viruses in wild shrimp tissues, feed, and environmental media
potentially contaminated by shrimp viruses. Given current technology, one expert noted that it is
impossible to determine with certainty virus occurrence in large volumes of soil or water.

2.2.3. Viral Pathways and Sources

The JSA Shrimp Virus Work Group considered aquaculture and shrimp processing to be
primary pathways of concern leading to exposure of pathogenic shrimp viruses to wild shrimp
populations, and other sources were identified as secondary pathWays for exposure. Workshop
participants were asked to judge the acceptability of these sources as potential pathways for virus
introduction to wild shrimp populations.

2.2.3.1. Aquaculture

One common theme expressed by participants was that there is little scientific evidence to
either confirm or refute the occurrence of epizootics among wild shrimp associated with naturally
occurring or introduced viruses. Participants noted that evidence indicates that one shrimp virus
may be present in wild populations in U.S. coastal waters, but its source is unknown. One expert
remarked that no convincing causal relationship has been established between outbreaks of virus
in aquaculture facilities and virus transmission to wild stocks. The expert continued that
although no direct link has been established, it does not rule out that it has occurred previously or
will occur in the future. The expert added that, to date, wild populations have not been
adequately monitored. He concluded that when monitoring is available, we may be able to track
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the movement of virus infection, eventually resolving this issue. One other reviewer also noted
that without simultaneously isolating viruses from aquaculture and a geographically located
shrimp population (possible with the development of gene probes), the role of aquaculture in
infecting wild shrimp remains speculative. Participants emphasized that resolving this issue is
highly problematic and a critical element to the risk assessment.

2.2.3.2. Shrimp Processing ‘

The JSA report sﬁggests that shrimp processing could be another primary source for
introducing pathogenic shrimp viruses to U.S. coastal waters. Workshop participants were asked
to consider how evidence from wild shrimp populations either supported or refuted the
importance of shrimp processing as a potential source for shrimp virus. As with shrimp
aquaculture, in general, panel members concluded that there was little scientific evidence to
suggest a strong link between processed shrimp or shrimp process wastes and the occurrence of
shrimp viruses in wild shrimp populations. However, several experts noted that disposal of wash
water from shrimp processing facilities directly to receiving waters that support any phase of
wild shrimp development should continue to be a concern. One theme reflected in reviewer
comments was concern that the practice of some producers to harvest diseased shrimp for export
makes this one of the more likely potential sources of virus contamination of wild shrimp.
populations (because the United States imports significant quantities of shrimp). One other
reviewer concluded that even though shrimp processing could introduce virus, there is not
enough known about viral persistence in nature to determine whether shrimp processing
represents a realistic source of pathogenic shrimp virus introduction to wild shrimp.

2.2.3.3. Other Potential Sources .

Workshop participants were also asked to consider the potential role of sources other than
aquaculture and shrimp processing (secondary sources) in introducing pathogenic shrimp virus to
wild ép\rimp. Those panel members responding considered bird feces and ballast water transfer
as likely other potential sources. Natural spread, bait shrimp, and the introduction of secondary
hosts were considered to be less important “other” potential sources. It was generally agreed that
while those other sources suggested by participants and those listed in the JSA report could be
plausible, their relative contribution was unknown. Participants expressed concern that
management of these other | f)otential sources could be problematic. However, one dissenting
panel member expressed the opinion that an evaluation of the existing data with respect to the
probabilities of transmission and establishment should be done for all potential sources.
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The JSA report expressed concern that manufactured shrimp feed could be a potential
other source of shrimp virus. Participants were asked to consider the importance of shrimp feed
as a potential source of pathogenic shrimp viruses. Panel members were divided in their
responses to this question. Many expressed the opinion that processing temperatures were
adequate to eliminate shrimp feed as a source of shrimp virus, while others noted that
temperatures may not be adequate and shrimp feed should continue to be of concern as a possible
other source. However, one expert emphasized that the likelihood of shrimp feed as a source
could be determined only by knowledge of virulence of the specific type of virus, its viability,
and the length of time materials were held at temperatures, especially those processed at lower
(70°C) temperatures. To further eliminate shrimp feed as a potential other source, one
participant noted that farms should be discouraged from using or supplementing manufactured
food with natural feeds.

2.2.4. Stressor Effects

Participants were asked to consider how the available evidence regarding the effect of
introduced shrimp virus on wild shrimp populations should be interpreted. In general, workshop
participants indicated that there is little convincing information or scientific data on effects of
introduced pathogenic shrimp viruses on wild shrimp populations. Some participants believed
the available information, when considered carefully, could be useful in identifying underlying
problems. One expert cautioned that available evidence should be considered individually for
each virus and host system. Another expert noted that while there is clear evidence that viruses
have been introduced to aquaculture, it is not known how these may relate to the observed
declines such as those observed in the Gulf of California example considered by the JSA report.
Reviewers also noted that such associations of virus occurrence cannot be made without
considering the role of other important environmental factors in wild shrimp population declines,
notably overfishing, El Nino, pollution, and environmental degradation. Reviewers indicated
that there is a critical need for research to address this issue.

The JSA report discussed the importance of virus effects on nonshrimp species, and panel
members were asked to comment on this issue. For the most part, participants agreed that
potential virus effects on nonshrimp species are generally unknown but of significant concern.
One respondent observed that it is well documented that some viruses can infect other crustacean
species, noting that WSSV has been detected by polymerase chain reaction (PCR) in both
cultured and wild shrimp, prawns, crabs, and other arthropods in different Asian countries. He
concluded that the potential threat to U.S. shrimp, nonshrimp, and the ecosystem as a whole
could not be ruled out. However, one member noted that while nonshrimp species are important
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ecologically, pa’thogenicity' of viruses is usually species specific. In contrast, another participant
 commenting on the JSA report’s discussion of effects on nonshrimp species thought that these
effects should be considered not very great, and he pointed out that the report also failed to
emphasize concern for effects on nonpenaeid shrimp species, such as the grass shrimp. This
concern stemmed from the knowledge that other parasites of shrimp can be harmful to other
marine organisms and that these pathogenic shﬁmp viruses could cause serious impacts to sport
commercial fisheries by reducing available food sources such as the grass shrimp. Yet another
expert noted that effects on nonshrimp species should be considered important, especially on
susceptible species with low population levels. One participant felt this was an extremely
important issue but noted it is probably difficult to evaluate on the short term. -

2.3. SHRIMP VIRUS PEER REVIEW AND RISK ASSESSMENT WORKSHOP
PROCESS .

At the beginning of the workshop, the workshop chairperson, Dr. Charles Menzie
(Menzie-Cura & Associates) reviewed the agenda (included in this report as Appendix D),

explained the workshop’s format, and reviewed the workshop’s goals, which were to:

« Complete a qualitative assessment of the risks associated with nonindigenous shrimp
viruses, following the general risk assessment process developed by the ANSTF

» Evaluate the need for a futuré, more comprehensive risk assessment

¢ Identify critical risk-relevant research needs

Dr. Menzie explained that the workshop report would be used to provide information for
a proposed workshop to identify potential risk management options. The proposed workshop,
sponsored by JSA and NMFS, was held in July 1998. Peer review experts were divided into
three breakout groups, each of which was charged with evaluating the risks associated with one
of three viral pathways (aquaculture, shrimp processing, and other potential sources).

Three experts in ecological risk assessment were selected as breakout group leaders: Dr.
Wayne Munns (EPA Office of Research and Development), who facilitated discussions on
aquaculture; Dr. John Gentile (University of Miami), who facilitated discussions on shrimp
processing; and Dr. Anne Fairbrother (Ecological Planning and Toxicology, Inc.), who facilitated
discussions on other potential sources. (See Appendix B for breakout group assignments.) After
the workshop, Dr. Munns prepared the report of the aquaculture breakout group (Appendii( ﬁl),
Dr. Gentile prepared the report of the shrimp processing breakout group (Appendix A-2), Dr.
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Fairbrother prepared the report of the other pathways breakout group (Appendix A-3), and Dr.
Menzie prepared the qualitative risk assessment (Section 3). Workshop participants were asked
to review and comment on the breakout group reports prior to preparation of this final document.

2.4. QUALITATIVE RISK ASSESSMENT METHODOLOGY

Mer. Richard Orr, of the U.S. Department of Agriculture, Animal, and Plant Health
Inspection Services (USDA-APHIS), provided participants with an overview of the qualitative
risk assessment methodology to be used at the workshop. The process was based on the ANSTF
risk assessment approach (ANSTF, 1996), which provides a qualitative assessment of the
probability and consequences of establishment of a nonindigenous species in a new environment.
(A copy of the ANSTF report [1996] is contained in Appendix G.) Mr. Orr noted that the
methodology may be used as a subjective evaluation, or it may be quantified to the extent
possible depending on the needs of the analysis. He reviewed an assessment on black carp to
illustrate the application of this process to a nonindigenous species. Both documents were
provided to workshop experts as background information prior to the workshop.

Mr. Orr explained that the risk assessment model is divided into two major components:
the “probability of establishment” and the “consequences of establishment” (see Figure 4, which
contains the risk assessment model from the Report to the Aquatic Nuisance Species Task
Force). These components of the model are further divided into basic elements that serve to focus
scientific, technical, and other relevant information for the assessment. Mr. Orr discussed how
the following elements could be used to estimate the probability of establishment of viral
pathogens in wild shrimp populations: 1 '

* Probability of the nonindigenous organism being on, with, or in the pathway

* Probability of the organism surviving in transit

» Probability of the organism successfully colonizing and maintaining a population
where introduced

* Probability of the organism spreading beyond the colonized area

The following elements are used in the ANSTF approach to evaluate the consequence of
establishment of a nonindigenous species (see, Appendix G, p. 22):

* Economic impact

* Environmental impact
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» Impact from social and/or political influences

For the purposes of the Shrimp Virus Peer Review and Risk Assessment Workshop, only
environmental impacts were evaluated. It was recommended that economic and perceiVed
impacts of establishment be considered at a workshop on risk ménagement: options, which was
held in July 1998.

Mr. Orr stressed that it is critical for the qualitative risk assessment to capture and
communicate the uncertainty that surrounds the available information about shrimp viruses.
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3. QUALITATIVE RISK ASSESSMEN T

3.1. THE RISK ASSESSMENT PROCESS
Workshop participants began the risk assessment process by reviewing the management
goal and assessment endpoints presented in the JSA report (JSA, 1997). Participants evaluated

the risks associated with aquaculture, shrimp processing, or other potential sources. In the
breakout groups, participants considered the ecological risks associated with each identified viral
pathway. The evaluation of each pathway was conducted independently. It is important to note
that participants did not attempt to rank the relative risk of the three identified sources.

Each breakout group evaluated both the potentlal for establishment of the viruses via the
identified pathways and the potential ecological consequences of establishment. The breakout
groups considered the four following elements of the potentlal for establishment of viruses via
the identified pathways

* Association of nonindigenous viruses with the pathway

* Entry of nonindigenous viruses into coastal waters via the pathway (including
survival)

* Colonization/infection of shrimp at the local level

¢ Spread of nonindigenous viruses to the shrimp populations at large

To determine the probability of establishment of nonindigenous viruses, the breakout
groups rated each of these elements as either low, medium, or high. The consequences of
establishment were similarly rated. During their deliberations, the breakout groups were asked to
identify the level of uncertainty (ranging from very uncertain to very certain) associated with
each of the elements describing the potential for and consequences of establishment of
nonindigenous pathogenic shrlmp viruses. | :

Using the method set forth in the ANSTF (1996) report (Appendlx G), workshop
participants estimated the overall risk by compiling the risks associated with the individual
elements of the process (i.e., [1] the four elements of the probability of establishment and [2] the
consequence of establishment). The probability of establishment is determined by the lowest
ranking of any of the four elements. For example, if eléments under the probability of
establishment had rankings of high, hi;gh, low, and medium, the overall probability of
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establishment would be considered low. This approach is reasonable because, for an organism to
become established, each of the elements must occur. Assuming the elements are independent of
each other, combining a series of probabilities will give a probability much lower than the
individual element ratings. The conservatism of this approach is justified by the general high
degree of biological uncertainty that is found throughout the process (ANSTF, 1996).

Rankings for the probability of establishment and the consequence of establishment are
combined into an overall level of risk as shown in Table 1.

These rankings, which are based on expert judgment, should not be considered separately
from the discussion and rationale provided by the workshop parficipan{s. As noted in the
ANSTF (1996) report, “the strength of the Review Process is not in the element-rating but in the
detailed biological and other relevant information statements that motivate them.”

After evaluating the probability of establishment for their respective pathways and the
consequences of establishment at the local and regional (e.g., Gulf of Mexico) population levels,
the three breakout groups presented their findings in a plenary session. Breakout group findings
are found in Appendices A-1, A-2, and A-3, while the main body of this document primarily
reflects plenary discussions but incorporates breakout group findings when there was a lack of
consensus. Following the conclusion of the expert workshop, the breakout group chairpersons
and the workshop chairperson met to discuss the breakout group findings and their reports and to
develop a risk characterization for the assessment using ANSTF methodo].ogies.

Table 1. Combining the rankings for the probability of establishment and
the consequences of establishment into an overall estimate of risk

If the overall And the

probability of consequence of Then the overall
establishment is: establishment is: | risk ranking is:
High High High

Medium High High

Low High Medium

High Medium High

Medium Medium Medium

Low Medium Medium

High Low Medium
Medium Low Medium

Low Low Low




3.2. QUALITATIVE RISK ASSESSMENT RESULTS
This section summarizes discussions held durlng the workshop on several aspects of the -
risk assessment process:

« Management goal and asséssmgnf ‘endpoints that frame the assessment (Section 3.2.1)
 The probability of establishment of shrimp viruses (Section 3.2.2)
* The consequences of establishment (Section 3.2.3)

« A characterization of the risks resulting from a combination of the probability and
consequences of establishment (Section 3.2.4)

The reports of the three breakout groups are contained in Appendix A. Tables 2 through
5 provide the risk rankings assigned to various pathways by the breakout groups, which are
summarized in Sections 3.2.2 through 3.2.4.

3.2.1. Management Goal and Assessment Endpoints

Workshop participants were asked to evaluate the completeness and adequacy of both the
management goal and the assessment endpoints identified in the JSA report (JSA, 1997). In the
ecological risk assessment process, the management goal is intended to reflect the mahagement
context of the assessment, while the assessment endpoints are explicit expressions of the
environmental values to be protected, which serve as the focal points for an assessment.

The management goal identified in the JSA report is to:

* Prevent the establishment of new disease-causing viruses in wild populations of
shrimp in the Gulf of Mexico and southeastern U.S. coastal waters while minimizing
possible impacts on shrimp importation, processing, and aquaculture operations.

A number of participants thought that the management goal should be broadened to
include risks to aquaculture operations. Participants concurred that these risks are important, but
because of the limited time available for workshop discussions, they agreed that risks to
aquaculture operations would not be considered during the workshop. Participa“r\lts‘recommended
instead that risks to shrimp in aquaculture operations and management of those risks be the -
subject of a separate workshop.
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Table 2. Summary of aquaculture breakout group risk rankings

Refer to supporting discussion in the text to properly evaluate information presented in this table.
The risk assessment process is described in Section 3.1 and Appendix G.

Transport Sediment
to and solid
Probability of Pond Pond processing waste
establishment | Fscapement flooding effluent facility disposal
ss0cla w igh/very 1gh/very igh/very igh/very igh/very
ssociation with High/ High/ High/ High/ High/
pathway certain certain certain certain certain
n otenti igh/very oW, edium/very LOW, OW,
try p ial Hi Low/ Medium/ Low/ Low/
certain or very certain certain reasonably reasonably
low/reasonably certain certain
certain®
Colonization Low (or Low (or Low (or Low (or Low (or
potential medium to medium to medium to medium to medium to
high)*/very high)®/very high)*/very high)®/very high)®/very
certain certain certain certain certain
Spread potential Low/relatively Low/relatively Low/relatively Low/relatively Low/relatively
uncertain to uncertain to uncertain to uncertain to uncertain to
high/very high/very high/very high/very high/very
uncertain® uncertain® uncertain® uncertain® uncertain®
Overall Lowtohigh |
probability of S
establishment | . o
Consequences of Low to Low to Low to Low to Low to
establishment medium/very medium/very medium/very medium/very | medium/very
uncertain uncertain uncertain uncertain uncertain
Overall risk Low to high
estimate .

"High if pond is infected and shrimp escape from pond; low otherwise.

®Some breakout group members believed that the potential was medium and would be high if the aquaculture

industry expands significantly along the Gulf Coast.

“The breakout group.could not reach consensus; opinions on entry potential ranged from low to high.




Table 3. Summary of shrimp processing breakout group risk rankings

Refer to supporting discussion in the text to properly evaluate information presented in this table.
The risk assessment process is described in Section 3.1 and Appendix G.

| High/

High/

High/

High/very

certain

uncertain

| very certain | very certain very certain certain
Low/very High/very Medium/ Low/
| certain certain reasonably very certain
» certain -

Low/ | Medium/ Low/ Low/

1 very certain | moderately reasonably very certain -
- | certain uncertain

| Low/ Medium/ Low/ Low/
| very certain - | moderately reasonably very certain

Low-medium/

Low-medium/

Low-medium/

medium/ reasonably reasonably reasonably
| reasonably uncertain uncertain uncertain
{ uncertain
Low/highly Low/highly Low/highly Low/highly
uncertain uncertain uncertain uncertain
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The JSA report (1997) identifies two assessment endpoints:

«  Survival, growth, and reproduction of wild penaeid shrimp populations in the Gulf of
Mexico and southeastern U.S. Atlantic coastal waters

+ Ecological structure and function of coastal and near-shore marine communities as
they affect wild penaeid shrimp populations

Workshop participants elected to focus their efforts on the first assessment endpoint
(direct effects to wild shrimp populations) for the following reasons:

» Risks to wild shrimp populations are of primary concern

 Information on secondary effects is even more limited than information on direct
effects on shrimp

» There was limited time available at the workshop for;evaluating all possible direct
and indirect effects.

Participants recognized the potential for direct effects on organisms other than penaeid
shrimp and the potential for indirect effects; however, these effects were not discussed in detail
during the workshop. They are, however, a potential concern for resource managers.

3.2.2. Probability of Establishment

This section summarizes breakout group discussions concerning the elements of the
probability of establishment, which include association with pathway, entry potential,
colonization (infection) potential, and spread potential. . '

Workshop participants recognized that differences among the four viruses could result in
variations in the risk rankings associated with the elements comprising the probability of
establishment for an individual virus. For example, if one virus were to survive longer than
another virus in the marine environment, it could affect the entry potential ranking. However, the
breakout groups decided to consider the potential for establishment of nonindigenous viruses as a
single group but agreed to identify any unique differences that might alter risk rankings. A
summary of the characteristics of the four viruses is contained in Table 6.
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Table 6. Virus persistence, virulence, and infectivity

IHHANV TSV YHV WSSV
Persistence 35 35 - . 1.5 : 1.5
(1 = least, 4 = most) ' . v
Virulence to Guli: of Mexico 1 ) 2 3 . i .4

species
(1 = least, 4 = most)

Relative infectivity

Penaeus setiferus

Larvae ‘ — - ~ ND ND
Post-larvae — : ++ _ ++
Juvenile + | o+ ++ ++
Adult ND + ND ND

Penaeus duorarum

Larvae - = ND ~ ND
Post-larvae — — — ‘ ++
Juvenile ‘ + + o+ ' +

Adult : ND ND ND ND

Penaeus aztecus

Larvae — — ND ND

Post-larvae — ' + ) — ++

Juvenile + + ++ +

Adult ND ' ND . ND ' ND

Infectivity:

ND = No data

+ = Infectious

++ = Mortality

— = Tried but negative




3.2.2.1. Association With the Pathway

Breakout groups concluded with moderate to high certainty that there is a high likelihood
that viruses are present in the aquaculture pathway, shrimp processing pathway, and some of the
other potential pathways. :

3.2.2.1.1. Aquaculture. The occurrence of nonindigenous viruses in U.S. aquaculture operations
is well documented. As summarized in the JSA report, TSV has been identified in disease
outbreaks in Hawaii, Texas, and South Carolina (Lightner, 1996a,b). IHHNV was first identified
in Hawaii (Lightner et al., 1983a,b) and was subsequently observed in farms in South Carolina,
Texas, and Florida (Fulks and Main, 1992). WSSV and YHV also have been documented at a
shrimp farm in Texas (Lightner, 1996a,b). WSSV and YHV are considered to be of Asian
origin; TSV and IHHNYV are thought to have originated in Latin America. Workshop -
participants noted that the origins of these viruses are not always traceable to their ultimate
sources, but it was suggested that their introduction to the United States may have resulted from
the importation of infected shrimp from other regions of the world (e.g., Latin America and
Asia).

3.2.2.1.2. Shrimp processing. Shrimp viruses can be brought into the United States with

imported shrimp that are subsequently processed or used for other purposes (e.g., feed, bait
shrimp, and retail sale). Of the shrimp processed in the United States, 80% of the total crop is
foreign and 20% is domestic in origin. Pathogenic viruses have been identified in imported
shrimp sold in this country. Breakout group members concluded with high certainty that the
probability of association is high for all pathways considered (effluent, landfill, and shrimp and
fish feed). |

3.2.2.1.3. Other pathways. Other “primary” pathways described in the JSA report and
considered by workshop participants include ballast water, bait shriinp, animal vectors, and
shrimp feed. There appear to be no data on the occurrence of shrimp viruses in ballast water (or
any of its components). Nonetheless, it is known that many organisms are dischargéd routinely
with ballast water (including species of mysid shrimp, some of which have colonized bays and
estuaries with devastating effects). There is, therefore, a high probability that ballast water could
contain shrimp viruses, whether free living, attached to particulate matter, or in dead or infected
shrimp.




Anglers use shrimp as bait when fishing in estuaries for fish that eat shrimp. They
purchase bait from bait shops, or they use shrimp sold in grocery stores for human consumption.
Bait shrimp generally are smaller than those sold for human éonsumption. They may originate
from aquaculture facilities that have harvested their shrimp prior to full growout because of a
viral outbreak. Some participants thought that Latin American and Asian producers may freeze
these small shrimp and ship them to the United States for sale as bait, while the larger, uninfected
shrimp will be sold at premium prices for human cOnsﬁmption. Therefore, there is a high
probability that some imported bait shriinp may contain viruses.

Both live and frozen shrimp may be sold as bait. However, only native species of
aquaculture shrimp may be harvested and sold as live bait. Some states (e.g., South Carolina)
allow the use of nonnative farm shrimp as frozen bait. Native shrimp used in aquaculture are
known to sometimes carry indigenous viruses (such as baculovirus, BP) but to date, there is no
evidence that they carry nonindigenous viruses. Furthermore, any of these shrimp that are
harvested early due to perceived disease problems are likely to be sold as frozen bait rather than
as fresh bait. Therefore, there is a low probability that live shrimp used for bait will carry
nonindigenous viruses. | |

Shrimp feed is made from soy protein, fish protein (including anchovies and menhaden),
shrimp heads, and other types of shrimp and crustaceans (e.g., Artemid). Because the heads and
other body parts of infected shrimp can carry a high concentration of viruses, workshop
participants believed that there is a medium probability that the shrimp parts used as an
ingredient in shrimp feed may be contaminated with the viruses. Although pathogenic
nonindigenous viruses may be associated with this pathway, workshop participants concluded
that the viruses are likely to be destroyed during processing of the shrimp feed (see Section
3.2.2.2).

Animal vectors such as gulls and freshwater and marine invertebrates were considered as
another possible source for viral entry. For example, gulls and other scavengers, such as
raccoons, are often seen feeding on dead shrimp and other organic matter associated with
aquaculture facilities that have undergone viral outbreaks. Workshop participants believed there
was a high probability of viral association with this pathway. '

Workshop participants considered a numbefvof other pathways to have a low to medium
probability for viral association. Due to time limitations, these pathways, including natural
spread of the virlises, research and display facilities, human sewage, fishing vessels, hobby and
ornamental displays, live seafood distribution, other crustacean aquaculture, and incidental
introductions, could not be discussed in detail at the workshop.
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3.2.2.2. Entry Potential

Entry potential includes the probability of viruses surviving in transit and the probability
of their transport to coastal waters. Each breakout group recognized that the entry potential of
nonindigenous viruses depends on the pathway of arrival. For example, the survival and entry
characteristics of viruses found in shrimp processing effluents may be quite different from those
found in ship ballast waters. In addition, the breakout groups recognized that entry potential
depends on location. For example, viruses associated with shrimp that are raised, processed, or
disposed of in locations far inland are less likely to reach coastal waters than are viruses that are
associated with shrimp that are raised, processed, or disposed of along the coast. Workshop
participants evaluated subpathways within each of the major pathway categories (aquaculture,
shrimp processing, and other source pathways) and described entry potentials‘ for viruses as
ranging from low to high. Participants found the level of certainty associated with these
evaluations to be quite variable.

3.2.2.2.1. Aquaculture. The aquaculture breakout group considered the six subpathways from
aquaculture to wild shrimp stocks identified in the conceptual model contained in the JSA report.
Many breakout group members believed that the escapement subpathway (including both
accidental and intentional releases, as well as “escape” via transport of shrimp tissue by the
predatory activities of other animals) was the most likely route of release of viruses to the
environment and that viruses were likely to survive when transported via this pathway. (As
discussed in the following paragraphs, however, some breakout group members believed that the
sediment and effluent pathways, which the group tabled because of a lack of crucial data, may
also be important.)

The aquaculture breakout group noted that the entry potential via escapement (and other
pathways) is likely to be related to the conditions in the pond (i.e., the presence and degree of
infection by the viruses), the life stage of the shrimp (e.g., postlarvae may be more likely than.
adult shrimp to escape by passing through engineering controls), and the design of pond control
systems. They concluded with relatively high certainty that the probability of surviving in transit
would be high if conditions are favorable but assigned a low probability of survival if they are
not.

The aquaculture breakout group had considerable discussion about the ability of viruses
to survive in pond effluents and sediments. There is suggestivé evidence about this potential
pathway. TSV has been documented in water but not specifically in effluent waters. A
workshop observer communicated results of an experiment that 1suggest that caged shrimp
exposed in infected ponds developed disease (shrimp developed disease when exposed within 1
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to 2 days to experimentally inoculated water, but they did not develop disease when exposed on
days 3 to 5 following inoculation) (R. Laramore, personal communication, 1998). In 1995, HSF,
Ltd., and the Arroyo Aquaculture Association conducted several trials in which cages were A
floated within a shrimp growout pond that had experienced a TSV epidemic and with pond water
in tanks. The cages Were suspended above the pond bottom and stocked with juvenile P. .
vannamei.

One participant noted that no TSV was detected in shrimp exposed for 30 days under
these conditions. These results suggest that TSV may be transmitted during the acute but not the
chronic stages of the disease. Other data suggest that IHHNV can survive in water in an infective
state for at least 24 days (Glover et al., 1995). Another participant noted that viruses can spread
quickly from pond to pond on aquaculture facilities, but it is not known how this transmission
- occurs. Based on this information, the aquaculture breakout group estimated that there is a
medium potential that effluents released from infected farm ponds are a viable pathway for
exposure to native populations; however, the breakout group was very uncertain about this
estimate. , 7

Pond flooding, sediment and solid waste disposal, and transport of shrimp to processing
facilities were thought to have low likelihoods for entry potential, with uncertainties ranging
from reasonably certain to very certain. ' A

3.2.2.2.2. Shrimp processing. The shrimp processing breakout group identified two
subpathways for which there is a medium to high potential for viruses to enter coastal areas:
untreated effluents from shrimp processing facilities and solid wastes from disposal facilities
near coastal areas that receive waste from shrimp processing facilities. The breakout group
concluded with high certainty that there is a low potential for viable shrimp viruses to survive in
effluents that are treated and disinfected at municipal facilities, and therefore, there is a low
potential for entry of viable shrimp viruses to coastal areas from this pathway.

The shrimp processing breakout group estimated that approximately 50% of shrimp
processing liquid effluent is untreated and that virus-contaminated discharges may therefore be
released regularly into the environment. The breakout group was very certain that the probability
of the organism surviving in transit—and therefore entering the environment through this
pathway—is high.

Because of the uncertainties associated with the amounts of material reaching landfills,
the types of vectors, and the threshold amount of virus required to infect the wild and aquaculture
populations, the shrimp processing breakout group found it difficult to assess the probability of
establishment of shrimp viruses from solid waste disposal facilities. Most breakout group T
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members generally agreed that the shells, and particularly the heads, of foreign farmed and wild
shrimp are highly likely to contain viruses. Considering these factors, breakout group
participants concluded that these viruses are likely to persist for some time in landfill settings.
Land crabs and seagulls are thought to be possible vectors for moving viruses from the landfills
to estuarine waters. When these animals consume virus-contaminated materials, viruses might
pass through their digestive systems in an infective state. The breakout group noted that TSV
remains infective following gut passage in gulls, and the breakout group on other pathways
suggested several other possible vectors for viral transmission. It is not known whether the
concentrations and frequency of virus introduction from such vectors is sufficient to infect wild
and aquaculture shrimp populations. The shrimp processing breakout group was reasonably
certain that there is a medium probability of entry potential from coastal landfills to estuaries.

3.2.2.2.3. Other pathways. The other pathways breakout group found that the entry potential of
viruses in ballast water, bait shrimp, and animal vectors is high. jThe group determined that
while it is not likely that the freezing process used for bait shrimp will significantly reduce the
virulence and infectivity of the virus, the effects of freezing may be virus specific. For shrimp
feed, breakout group participants concluded that the probability of survival in transit depends on
whether or not the feed meal is heat treated to temperatures sufficient to inactivate all viruses. It
is thought that some of the viruses (e.g., TSV) may survive and maintain infectivity, even when
heated to temperatures greater than 100 °C. While most of the fish meal produced in the United
States is subjected to temperatures that appear to be sufficient to kill the viruses, breakout group
members were unable to provide published data that would confirm this supposition. Moreover,
several participants believed that other countries do not always heat-treat their meals, which
would increase the potential for viable viruses to be present in the feed. The other pathways
breakout group concluded that the transit survival probability is low for heat-treated feed and
high for untreated feed. In contrast, the shrimp processing breakout group was very certain that
feed was processed at temperatures sufficient to inactivate the viruses. Additional research will
be necessary to resolve this issue.

3.2.2.3. Colonization Potential

Workshop participants agreed that the potential for viruses to colonize coastal areas is
one of the most critical aspects of evaluating the potential for establishment. Workshop
participants concluded that there is a high potential for viruses to be associated with many of the
pathways identified in this report, but a low to high potential that these pathways could lead to
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introduction of viruses. The breakout grbups were certain about association of viruses with these
pathways and their entry potential through the pathway; however, they had a high degree of
uncertainty about colonization potential.

3.2.2.3.1. Aquaculture. Many members of the aquaculture breakout group concluded that

colonization potential was low (very uncertain). The rating of low was based on a lack of
evidence that viruses had become established in wild shrimp populations in the United States as a
result of aquaculture. Breakout group pazﬁcipants noted that colonization potential is likely virus
specific and dependent on shrimp species and specific life stage. However, some breakout group
members ranked colonization potential as medium, particularly for pond effluents, noting that
these could provide continuous potential input of virus in coastal systems and as high if
aquaculture expands further along the Gulf coast. 7

3.2.2.3.2. Shrimp processing. Colonization potential varied with pathway. Breakout group
members considered'colonization potential low for treated effluent, and they were very certain of
this because they believed the disinfection processes would kill viruses. Colonization potential

- was also considered low for solid waste in landfills, but here there was reasonable uncertainty
because of the absence of virus to shrimp dose-response data and the uncertainties associated
with frequency and concentration of viruses associated with vectors at landfills. Shrimp and fish
feeds were considered to have low colonization potential with high certainty because high
temperatures used in processing feed were believed sufficient to kill pathogenic viruses.
Colonization potential was judged to be medium for untreated effluent with medium uncertainty,
because persistence, infectivity, and virulence of viruses in receiving waters will vary depending

on numerous factors.

3.2.2.3.3. Other pathways. Colonization potential ranged from low to high depending on the
pathway. For ballast water, colonization potential was considered low (moderately certain). On
the basis of experience with other organisms, few organisms introduced into new environments
survive to colonize. For penaeid shrimp and viruses, colonization depends on the point of
discharge (e.g., nearshore vs. open ocean) and a number of other factors such as transmission and
infectivity that are poorly understood outside of laboratory or aquaculture situations. For
shrimp/fish food, colonization potential was thought to be medium (very uncertain). Introduction
could occur via food used in aquaculture or chumming. The potential for viruses to colonize as a
result of introduction from animal vectors was thought to be medium to high (relatively

uncertain). Shrimp are likely to feed on bird feces that may contain viruses. Likelihood would :’—’
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increase in areas of high vector density (e.g., many seagulls where a shrimp die-off has occurred
in an aquaculture pond). Finally, breakout group members thought that colonization potential
from infected bait shrimp would be high (very uncertain) because bait shrimp are deposited in
areas where native shrimp are known to occur.

In general, breakout groups believed that, for most subpathways, there is either a low or
medium likelihood that, once introduced, viruses would be able to colonize native shrimp at a
local level (i.‘e., within specific estuaries or embayments). The exceptions were high likelihoods
of colonization noted for bait shrimp and, in the view of a few, aquaculture. In support of their
conclusions, the breakout groups identified the following factors: ‘

* Colonization potential is likely to be related to the mégnitude of the source and the
frequency of introductions. Therefore, large, frequent sources may have a greater
likelihood of colonization than small, intermittent sources.

* Colonization potential is likely to be related to the medium in which the viruses are
introduced. For example, viruses introduced within live or dead shrimp are thought to
have a greater likelihood of colonization than are viruses introduced via water.

« There is no clear evidence to suggest that colonization has occurred in wiid shrimp
populations, despite a history of outbreaks in aquaculture operations, the presence of
shrimp processing operations, discharges of ballast water, and the use of bait shrimp.
(Although recent evidence suggests that WSSV-like viruses found in wild shrimp
populations in South Carolina coastal waters may not differ from Asian isolates of the
virus [Lo et al., in press], the significance of this observation is unclear.)

3.2.2.4. Spread Potential

The breakout groups viewed the potential spread of viruses beyond the initial locus of
colonization as an area of great uncertainty. The aquaculture breakout group did not reach
consensus on spread potential; estimates ranged from low (relatively uncertain) to high (very
certain). Although viral diseases can spread rapidly between aquaculture ponds, participants
recognized the difficulty in extrapolating from the spread of disease in aquaculture farms to that
in wild populations. Factors such as population density and the time course of the disease may
be important. For shrimp processing, spread potentials were judged to be low for both treated
effluent (very certain, due to destruction of viruses by disinfection) and shrimp and fish feeds
(very certain, because participants believed that high temperatures used in processing feed would
kill pathogenic viruses). Spread potential for untreated effluent was considered medium
(moderate uncertainty; persistence, infectivity, and virulence of viruses in receiving waters are
sources of uncertainty and will vary depending on numerous factors). The spread potential for
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solid waste in landfills was considered high (reasonably certain). The other pathways breakout
group believed that colonization potential for the four main pathways it considered was medium
(very uncertain). During plenary discussion of the reports from the individual breakout groups,
workshop participants generally believed that there is a medium probablhty that viruses could
spread beyond the initial locations of colonization.

Breakout groups identified a number. of factors significant to evaluating the potential
spread of introduced viruses, such as the degree of interaction that would occur among individual
wild shrimp and the spatial scale over which Shrimp might “mix.” Stocks of P. setiferus in the
southeast Atlantic are thought to be fairly genetically homogeneous, as are the northern and
southern populations in the Gulf of Mexico. Workshop participants believed that this suggests
~ the potential for substantial interaction over broad geographic regions, which would promote the
| spread of viral infection. However, genetic homogeneity may not be the case for other penaeid
species. The potential for spread also depends in large part on the time course of the disease, as
well as the density of shrimp in wild populations. Breakout group members determined that low
shrimp densities are likely to hinder disease spread, whereas high densities are likely to promote
transmission. Spread potential is also host dependent and virus specific. It was noted that TSV
and THHNV have low spread potential, and the spread potential of YHV and WSSV is currently
unknown. A WSSV-like virus has been found in a variety of crustaceans in southeastern Atlantic
waters, but it is unknown at this time if it is the same as the Asian strain of WSSV. (Recent
evidence suggests, however, that WSSV-like viruses found in wild shrimp populations in South
Carolina coastal waters may not differ from Asian isolates of the virus [Lo et al., in press]). This
evidence suggests a potential for colonization and spread, but it is unclear whether the WSSV-
like viruses are indigenous, or if nonindigenous, when they may have been introduced. Finally,
as noted in the JSA report, the presence of other stressors (e.g., low dissolved oxygen and
extreme salinity) is also likely to influence the potential for spread of the disease.

3.2.3. Consequences of Establishment

In continuing to assess the risks to wild populations of shrlmp viruses, the breakout
groups evaluated thepotential ecological effects associated with the establishment of pathogenic
shrimp viruses. The breakout groups approached this step of the qualitative risk assessment
process by considering the available information on the direct effects of viruses on shrimp.
Breakout groups also examined possibly analogous situations based on experience with other
diseases and invertebrates. Breakout groups discussed possible effects on ecological structure
and function but, due to the limited time available, gave primary attention to direct effects on
wild shrimp populations. In the absence of documented information or firsthand knowledge, ~
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experts relied primarily on professional judgment to evaluate the consequences of establishment.
The breakout groups concluded that there is a high degree of uncertainty in assessing the
consequences of establishment. |

3.2.3.1. Direct Consequences to Shrimp Populations

In considering the possible consequences of shrimp viruses to shrimp populations at the
local level and at the scale of the entire populations or stock, breakout groups evaluated three
types of effects:

e Mortality of the infected animal
* Reduction in reproductive rates

» Alteration of the genetic structure of the population

3.2.3.1.1. Mortality effects. Breakout group experts concluded that the direct consequences of
the establishment range from low to medium and that effects on the mortality of shrimp are more
likely to occur at the local level than at the scale of the entire populatioh or stock. The breakout
groups determined that the probability of colonization at a local level is greater than the
probability that viruses would spread beyond the local level to a regional population. It is
thought that WSSV and YHV are more likely than IHHNV or TSV to cause acute mortality but
that ITHHNV and TSV are more likely to become endemic following introduction.

3.2.3.1.2. Reproductive effects. Breakout group experts focused primarily on factors that would
affect reproductive output or recruitment. Experts were aware of no information describing
adverse viral effects on the reproductive potential of infected individuals (indicating a potentially
important data gap). One participant noted that reproductive output of infected P. vannamei
brood stock appears to be unaffected by viral infection. However, in contrast to the previous
statement, individual growth impairment in offspring of P. vannamei infected with IHHNYV has
been documented (Fulks and Main, 1992). Assuming that fecundity of fernale Penaeus is an
increasing function of size (a phenomenon common in other invertebrate species), workshop
participants considered that stunted growth of offspring could relsult in reduced reproductive
output of the second generation. Individual growth impacts could therefore cause population-
level effects, although an analysis of any changes in reproductioh on shrimp population dynamics
would be required to support this assertion. Workshop participahts noted that epidemiologic
models show that in “r-selected” species, effects on reproduction can have greater effects on
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population size than mortality effects. (Penaeid shrimp can be characterized as “r-selected”
organisms because they display an annual life history pattern with high reproductive output and
high mortality during early life stages.) ’

3.2.3.1.3. Effects on genetic structure and fitness. Breakout group participants discussed the
potential effects of virus colonization on the genetic structure and fitness of wild shrimp
populations. One breakout group thought that rapid reductions in population abundance resulting
from viral disease could have unknown but potentially important effects on genetic structure by
limiting genetic variability (the “founder effect”). One participant cited evidence from Thailand
indicating that shrimp populations in the south of Thailand are much less genetically diverse than
those from the northern part of the country. It has been hypothesized that this is due to the
release of shrimp from aquaculture into the wild. One breakout group discussed the importance
of understanding whether genetic resistance to viruses differs among populations. Further
knowledge of genetic variability among Gulf Coast shrimp is necessary to make accurate
predictions about which area has the highest potential for an epizootic.

3.2.3.1.4. Other information. Other information or lines of evidence that affected the experts’

professional judgments about the potential consequences of establishment are summarized
below:

* Penaeid shrimp can be characterized as “r-selected” organisms because they display
an annual life history pattern with high reproductive output and high mortality during
early life stages. Thus, penaeid shrimp populations that suffer population reductions
in one year can exhibit rapid recovery, and this may reduce the long-term
consequences of short-term impacts. In reviewing available information, the breakout
group concluded that mass mortalities of adult shrimp may have relatively short-term
impacts on standing shrimp stocks. For example, some natural stressors on shrimp
(e.g., cold temperatures or freshwater flooding) are known to cause short-term
reductions in populations at the local level. Because of high fecundity and migratory
behavior, P. setiferus is capable of rebounding from a very low population size in one
year to a large number in the next, if environmental conditions are favorable. This
has been observed off the South Carolina coast several times in the past 50 years
(Linder and Anderson, 1956; McKenzie, 1981). In another case, an increase in
reproductive output of the Honduran population of P. vannamei was reported during a°
1994 TSV outbreak. This provides anecdotal support for the concept that e
demographic compensatory responses may occur in disease-depleted populations,
although it was noted that the population changes could have been caused by other
factors (Laramore, 1997).
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« Along with anecdotal information about the possible long-term effects of viral
infections in Latin American and Asian shrimp populations, observations by some
workshop participants indicated that direct mortality effects could be relatively
transitory. Also, based on the observation that resistance to IHHNV appears to have
increased in all populations tested since the identification of this virus in Hawaiian
stocks, it was suggested that initial outbreaks could lead to enhanced resistance to
future viral infection.

It should be noted, however, that some workshop participants were concerned that the
ability of viral pathogens to persist at low levels in a population could result in long-
term adverse population effects. For example, participants noted the purported virus-
induced declines in the population abundances of P. stylirostris in the Gulf of
California began in 1987 and lasted 6 to 7 years, with stocks now reported to have
returned to preoutbreak levels. (The role of IHHNYV as the cause of the initial
population decline has been the subject of much debate, however.)

» Based on observations from aquaculture situations, it appears that local colonization
of shrimp viruses could result in local mortalities of shrimp. For example, TSV and
others viruses are known to cause mass mortality on shrimp farms. Experiments with
these viruses have documented mortality rates of up to 100%. One participant noted.
that in South Carolina, survival on commercial farms affected by TSV dropped from
63% in 1995 (the year prior to the TSV outbreak) to 19% in 1996 (the year of the
TSV outbreak). ' '

« Lines of evidence from other crustacean species indicate an association between an
introduced biological agent and subsequent environmental impacts. For example, a
crayfish species introduced from California to Europe may likely have served as a
carrier to spread the freshwater crayfish plague throughout Scandinavia (Unestam and
Weiss, 1970). Unlike short-term natural stressors (e.g., changes in temperature or
salinity), an introduced disease organism (biological stressor) is likely to persist in the
population.

» No empirical data exist to indicate that historical releases of shrimp virus to the Gulf
of Mexico or to southeast Atlantic coastal waters have resulted in population-level
impacts. However, no well-designed studies have been conducted to examine the
epidemiologic conditions within these waters.

3.2.3.2. Effects on Ecological Structure and Function

Workshop participants observed that the introductibn of nonindigenous shfimp viruses
could affect ecological conditions apart from any direct effects on shrimp. Because these indirect
effects were not a focus of this workshop, experts made only a limited attempt to characterize
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these consequences. Despite these limitations, some of the discussion related to this topic may
be helpful to risk managers and is included in this report.

The aquaculture breakout group discussed instances in which other invertebrate species
have experienced severe disease consequences. Participants viewed these examples as relevant

to the effects of nonindigenous pathogenic viruses on shrimp:

» The near decimation of oysters (Crassostrea virginica) by the protozoan pathogens
Haplosporidium nelsoni and Perkinsus marinus, called MSX and dermo disease,
respectively (Haskin and Andrews, 1988; Andrews, 1996; Burreson and Ragone-
Calvo, 1996), has resulted in significant changes in the oyster reef habitat throughout
Chesapeake Bay and dramatically reduced the rate at which bay water was filtered by
feeding bivalves (Kennedy, 1996).

* Insect/virus associations were described in which high abundances of the host species
promote rapid outbreaks of viral disease, followed by dramatic declines in the host,
near disappearance of the virus, and reestablishment of the host.

«  The introduction into Scandinavia of North American crayfish that were carriers of
the freshwater crayfish plague Aphanomyces astaci (Unestam and Weiss, 1970) had
significant consequences.

Workshop participants believed that, in the absence of data on nonindigenous shrimp
viruses in the wild, these and similar examples cQuld’ serve as models for extrapolating potential
consequences of viral establishment for shrimp populations. These examples may also serve as
models for how ecological systems might be affected by viral outbreaks in shrimp. Either '
application would require careful analysis to identify similarities and differences relative to the
shrimp virus situation. _ o

The other pathways breakout group discussed the potential for viruses to affect estuarine
ecology by infecting other species of shrimp, such as grass shrimp. Grass shrimp (Paleomonetes
sp.) are an important part of the estuarine food web. Many species of fish (and penaeid shrimp)
rely on this species as an important prey item. Data from Thailand suggest that grass shrimp may
be carriers of one or more of these viruses, but data on infectivity rates and effects for Thai grass -
shrimp are lacking. On the other hand, it was noted that observations in South Carolina
confirmed the presence of large populations of apparently healthy Paleomonetes in tidal areas
near TSV-infected shrimp farms.
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3.2.4. Risk Characterization

Using the ANSTF approach (ANSTF, 1996; Appendix G), workshop participants
characterized the risk of viral introductions to wild penaeid shrimp populations by combining the
probability of establishment of the virus with that of the presumed ecological consequences (see
Section 3.1). Workshop participants assessed risks to local popuiations, which the experts
generally defined as the population within a single estuary; they also considered the long-term
effects on the entire population of native shrimp in the Gulf of Mexico and southeastern Atlantic
coastal waters.

The risks estimated by the individual breakout groups are summarized in Tables 2
through 5. The discussion in this section is based on those risk estimates but emphasizes overall

conclusions drawn during plenary workshop discussions among all breakout group participants.

3.2.4.1. Risk to Local Populations

Workshop participants concluded that the probability of establishment of shrimp viruses |
in a local estuary ranges from low to medium. The probability of establishment depends
primarily on the colonization potential of the particular viruses. However, the probability of
establishment could become much greater if virus is introduced repeatedly to the estuary over a
long period. Workshop participants generally believed that the impact of such an establishment
on the local shrimp population might involve high initial kill rates followed by rapid recovery
due to reintroduction of shrimp from other locations. Therefore, workshop participants
characterized the overall long-term risk of nonindigenous pathogenic virus introductions to the
shrimp populations in a local estuary as generally low to medium. (The possibility of longer-
term effects is suggested and discussed in Section 3.2.3.1).

Although workshop participants had very little time to consider the risks posed by
nonindigenous shrimp viruses to other components of the estuarine ecosystem, many believed the
level of risk to be medium, although uncertainty surrounding this risk estimate is very high. Of
particular concern to participants was co-infection of important food web species, such as grass
shrimp and crayfish. Because both penaeid shrimp and grass shrimp are important food sources
for many other estuarine organisms, participants noted that the loss of this food base could have
significant effects on other species. Following an initial viral kill of shrimyp, fish or wildlife
populations that depend on shrimp and other crustaceans as prey sources may take longer to
recover than shrimp populations.

Participants raised concerns about the lack of information on the transmissibility of
disease from one estuary to another through migration of diseaséd or infected shrimp. |
Participants thought that survivors of a local epizootic could move out to sea to reproduce,
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possibly infect other shrimp and offspring, and then move into adjacent or nearby estuaries.
Such an event would expand what appears to e a localized risk into large-scale risk; however,
each breakout group that evaluated the potential for spread by natural processes rated the
probability of this occurrence as low. Therefore, the risk of a local infection having large-scale
consequences is characterized as medium.

3.2.4.2. Large-Scale Risk

Workshop participants characterized the risk from viral introductions to the entire
population of native shrimp along the southeastern Atlantic coast and within the Gulf of Mexico
using the same analysis of the establishment pathways combined with that of the potential
consequences of establishment on a large geographic scale. Workshop participants concluded
that the consequences of virus introduction to the population as a whole would be relatively
insignificant, and they characterized the risk as low.

Some participants expressed concern that the genetic structure of the population might be
altered, and if viral resistance were linked with certain other important genes, overall fitness of
the shrimp could be lowered. One participant noted that alterations to the genetic structure of the
population could make the shrimp more susceptible to future infections and to simultaneous
environmental stressors, such as weather changes or reduced estuarine salinity, thereby
potentially increasing the risk potential. Furthermore, some participants stressed that uncertainty
about the long-term ecological consequences of viral introduction will remain high until the
effects of virus infsction on reproduction can be determined. ’

3.2.4.3. Summary »
Overall conclusions by workshop participants concerning the risks posed by

nonindigenous pathogenic shrimp viruses may be summarized as follows:

« Based on information currently available, most workshop participants believed that
‘the risk to native shrimp from introduction of nonindigenous viruses is low to
medium, although uncertainty is high.

* Most participants agreed that local effects should be given a higher risk ranking than
large-scale effects because local effects are more likely to occur.

« Participants suggested that the large amount of uncertainty associated with this risk
characterization could be reduced through appropriate laboratory and field studies.
The lack of evidence of conclusive viral impacts on worldwide shrimp populations
does not derive from published systematic studies but rather is anecdotal.
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Furthermore, by analogy, other marine invertebrates have experienced severe local
impacts from exposure to pathogens (as has been noted in oyster populations in
Chesapeake Bay). Also, viruses that have become established in terrestrial insect
populations can cause cyclic epizootics and population crashes. Therefore,
participants concluded that there is an urgent need to continue efforts to gather
available data on shrimp virus effects and to conduct a systematic research effort that
could be used to reduce the uncertainty of any subsequent risk assessments.

3.3. RISK MANAGEMENT RELEVANCE |
Although this report does not recommend risk management actions, it contains
information that may help risk managers with their decisions by:

* Providing insight into the pathways by which shrimp viruses could potentially enter
and become established in the marine environment

» Identifying potential consequences to wild shrimp populations at local and stock
levels

» Suggesting specific actions and studies that can reduce the uncertainties associated
with evaluating the potential risks of shrimp viruses on wild shrimp populations

The ability to make quantitative estimates of the risks of viruses to wild populations of
penaeid shrimp is constrained by the amount and type of information that is currently available.
The majority of workshop participants believed that it is unlikely that the information required to
complete a quantitative risk assessment will be available within the foreseeable future. At
present, qualitative evaluations can be made.

The ability of workshop participants to address broader écological risksina
comprehensive manner was limited by available information, but participants agreed that this
important issue merits further consideration. Furthermore, while the topic of risks that |
nonindigenous pathogenic shrimp viruses pose to shrimp aquaculture operations was not part of
the scope of the workshop, workshop participants agreed that these risks should be given special
attention as part of another technical or management workshop.’
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4. ACTIONS FOR REDUCING UNCERTAiNTY?

The qualitative risk assessment conducted during the workshop revealed several critical
sources of uncertainty. Further improvement in the ability to estimate risks to wild populations
of shrimp will require reducing uncertainty in these key areas.

Workshop participants discussed the relative impdrtance of actions for feducing
uncertainty. Some participants stressed that, to reduce uncertainty, risk management actions need
to occur in parallel with research, monitoring, and other actions. Most workshop participants
generally believed that particular emphasis should be given to the following actions for reducing
uncertainty: ’ '

» Improved diagnostic methods

* Surveys of wild shrimp populations for the presence of nonindigenous viruses and for
genetic composition

» Experiments to reduce uncertainties surrounding virus transmission and virulence

» Field epidemiological studies

4.1. DIAGNOSTIC METHODS B

Workshop participants determined that improvements to existing diagnostic methods and
development of new diagnostic tools are very high priorities. Several participants noted that
without adequate diagnostic methods, other risk assessment elements cannot be well studied or
adequately evaluated. Other participants noted that many valuable diagnostic tools currently
exist. Several key needs were identified during the workshop:

» There is a significant need to develop new diagnostic procedures. Some molecular
probe applications and bioassay tests are available, although several workshop
participants noted that the sensitivity of existing bioassay tests needs to be improved.
One participant also cited the need to develop cell culture tests for crustacea, noting
that new technologies are available to assist in developing cell cultures, but money
and lack of equipment have been major obstacles.

» Tests for infectivity are needed to establish the threshold number of viruses that
would be required for colonization potential. At least two tests should be employed,
such as a PCR and ELISA or a PCR and a bioassay.
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» Current diagnostic applications are focused on detecting viruses in the animal itself.
Although some preliminary efforts have been made to detect viruses in environmental
media (e.g., to identify the presence of WSSV using water concentration techniques
and PCR), techniques to detect viruses in effluent streams, sediment, and other
environmental media need to be improved.

» There appears to be considerable variability among laboratories in the procedures for
using available diagnostic tools. Procedures for using diagnostic tools should be
standardized so that both the credibility and limitations of diagnostic tools can be
established.

4.2. SURVEYS OF WILD SHRIMP POPULATIONS

Participants identified the need to survey native shrimp populations to develop baseline
information on viruses in wild stocks. It was noted that some monitoring activity has been
conducted in the coastal waters of South Carolina and Texas. Participants generally believed that
it was important to proceed with field surveys despite the current limitations of diagnostic
methods. Participants suggested that because of these limitations, current survey efforts should
include the archiving of samples to be evaluated pending development of improved diagnostics.

Workshop participants noted that monitoring surveys should include genetic
characterization of wild populations. To date, only limited studies have been conducted. (In one
study that is under way, molecular techniques are being used to determine the degree of genetic
variability between populations of P. setiferus in the Gulf of Mexico and the U.S. southeastern
Atlantic coastal region.) Participants suggested that surveys should be focused both in areas that
may have experienced the release of nonindigenous viruses and areas where it is unlikely that
prior release has occurred.

4.3. EPIDEMIOLOGY OF SHRIMP VIRUS TRANSMISSION

Workshop participants identified a need for well-designed experiments to improve
understanding of the pathogenicity of viruses in native shrimp. In particular, studies are needed
on virulence, distribution in various shrimp tissues, and rates of transmission, susceptibility, and
recovery. Some suggested that laboratory experiments would be hindered by inadequacies in
current techniques to identify pathogens and by the absence of diagnostic methods specific to
identifying viruses in various environmental media. Given existing techniques for quantifying
the amount of virus present, participants noted that currently it is most feasible to conduct
qualitative transmission studies in which the amount of virus is estimated on a relative basis.

In other discussions, participants identified the need to understand not only mortality
effects but also the consequences of infection on shrimp reproduction and growth. It is
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recognized that there are significant differences in viral pathogenesis among the four different
viruses and the relative ability of the viruses to affect mortality, growth;, and reproduction.

Participants also identified the need to develop a better understanding of the transmission
of viruses from one species to another (i.e., between penaeid species and between penaeid and
nonpenaeid spécies). '

One participant stated that the most important reason to improve understanding of the
epidemiology of shrimp viruses is to help identify mitigation measures (e.g., for aquaculture as a
pathway). o ' -

4.4. FIELD EPIDEMIOLOGIC STUDIES

In addition to laboratory-based experiments, most participants believed that a parallel
effort involving field epidemiology could yield information helpful for understanding the
prevalence and potential effects of viruses in wild shrimp populations. Field epidemiologic
studies may not provide the same level of understanding of detailed mechanisms as would
laboratory experiments.

Participants suggested that field epidemiologic studies could make use of existing
information from Latin America and Southeast Asia. Information would be sought on:

» The extent to which native shrimp populations in these areas may have been exposed
to viruses :

.» The presence of viruses within these populations

» The observed effects (or lack thereof) of viruses on shrimp abundance and
recruitment

» Possible ecological effects

Others suggested that the known locations of shrimp virus prevalence around the world
should be documented and mapped so that potential sources can be identified.

4.5. LOWER PRIORITY RISK-RELEVANT RESEARCH AREAS
Workshop participants identified other areas, in addition to the four priority areas listed
previously, where additional research is needed to improve the ability to estimate risks to wild

shrimp populations.




4.5.1. Viral Persistence

Some participants noted the need to develop better techniques and to conduct
experiments to evaluate the persistence of viruses in effluent streaims, sediment, and other
environmental media. It was noted that experiments should couple viral pe'rsistencé with viral
infectivity. For example, participants noted that IHHNV can be detected in sediments for 24
days; however, the duration of infectivity is unknown.

4.5.2. Compensatory Mechanisms

Participants believed that it is important to develop a better understanding of the
- compensatory mechanisms of native shrimp species in response to viral disease outbreaks.
Research is needed to:

» Understand genetics and disease resistance (i.e., the need to improve understanding of
the relationship between population genetics and the identification of disease-resistant
phenotypes and how particular phenotypes develop resistance to a particular virus).

e Determine whether shrimp populations compensate for increased mortality with
increased reproduction.

» Compile information on the shrimp immune-like response to viral infection. It was
noted that coupling our understanding of target-organ sensitivity with information
about resistance will improve the ability to predict which shrimp are likely to become
carriers. ‘

4.5.3. Monitoring of Imported Shrimp

Participants identified the need to monitor virus levels in imported shrimp using tests
such as PCR and bioassay. Some experts suggested that, in terms of risk reduction, monitoring
imported shrimp should be a higher priority than monitoring wild shrimp populations because of
the high volume of imported shrimp.

4.5.4. Development of Suitable Population Models

Suitable population models are needed to evaluate the consequences of various virus- |
induced mortality or reproductive impairment scenarios. Because of the commercial importance
of shrimp, workshop participants believed that it is highly likely that population models exist for
these species. Additionally, a large body of catch statistics could be subject to time series
analysis in concert with known periods of virus outbreaks or other environmental stressors, such
as storm events. These types of data may be available for foreign fisheries as well. By using
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population models, constants for infection and transmission rates, and transport and fate, a
modeling framework could be created to examine specific hypotheses. Sensitivity analyses could
then be performed to determine which parameters are most important and contribute the most
uncertainty. Research could then be directed to reduce uncertainty.

4.5.5. Other Risk-Related Research Needs
Other risk-related research needs identified by workshop participants include:

» Procedures for disinfection and eradication of large-scale outbreaks in aquaculture
settings

* Qenetic and biochemical characterizations of the viruses
* Research to improve understanding of factors that exacerbate expression of viral
disease under conditions of high densities and high nutrients found in aquaculture

settings

» Targeted surveys of nonpenaeid species (e.g., grass shrimp, crayfish, and micro-
crustacea) to determine if they are susceptible to, or carriers of, nonindigenous viruses
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5. SUMMARY

This section provides a brief summary of the results of the workshop. Topics include the
qualitative risk assessment process; “the need for a future, more comprehenswe risk assessment;
risk-relevant research needs and areas of additional concern.

5.1. QUALITATIVE RISK ASSESSMENT PROCESS
Workshop participants conducted a qualitative assessment of risks by considering the:

* Likelihood of viruses being present in the pathway

* Ability of the viruses to survive trénsit in the pafhway

* Colonization potential of the viruses (in native shrimp)

* Spread potential of the virus within native shrimp populations

 Consequences of establishment

In general, workshop participants believed that viruses could be in pathways leading to
coastal environments and that they could survive in these pathways. Participants concluded that
there is some potential for viruses to colonize native shrimp in a localized area, such as an
estuary or an embayment, near the point of entry into the marine system. Participants had widely
divergent views on the potential for viruses to spread beyond the initial local area of
colonization, and this divergence reflected the large uncertainty associated with this aspect of
exposure. Participants considered the potential for localized colonization and subsequent spread
to be a critical aspect of evaluating the potential establishment of viruses in native shrimp.

Workshop participants considered the consequences of virus establishment at a local level
(e.g., within an individual estuary) as well as within the offshore stocks. Participants discussed
the impact of such an establishment on the local shrimp population. Initial kill rates might be
high, but the populatioh would be likely to recover rapidly due to reintroduction of shrimp from
other locales. Workshop participants characterized the risk from viral introductions to the entire
population of native shrimp along the southeastern Atlantic coast and within the Gulf of Mexico
as low. Concern was expressed that certain effects (e.g., effects on genetic structure of shrimp
and on the ecological system) may be difficult to assess. '
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5.2. COMPREHENSIVE RISK ASSESSMENT NEEDS

Most workshop participants concluded that, given the current knowledge base, it is
infeasible to conduct a more comprehensive, quantitative estimate of risk. Most participants
believed that, at present, qualitative evaluations can be made, but these are accompanied by large
uncertainties. Participants agreed that there is a need to continue efforts to gather available data
on shrimp virus effects and to conduct a systematic research effort that could be used to reduce
the uncertainty in any subsequent risk assessments.

5.3. RESEARCH NEEDS

Workshop participants identified a number of areas in which further research and
information would improve the assessment of risks and the evaluation of current conditions, with
particular emphasis on the following areas:

« The improvement of existing and the development of new diagnostic methods for
viruses in shrimp and environmental media. These methods are essential for all
research studies and monitoring programs and for determining if viruses are present in
imported shrimp, cultures used for aquaculture, and other possible pathways.

« Surveys of wild shrimp populations. Baseline information on the presence of
viruses in native shrimp populations would provide insight into the extent to which
populations already carry viruses. Baseline information would also be useful for
supporting epidemiologic studies. Baseline studies could proceed even though there
are limitations with current diagnostic methods. Well-designed studies would be
enhanced by including an examination of the genetic structure of the populations.

» Epidemiology of shrimp virus transmission. Workshop participants identified a
need for well-designed experiments to improve understanding of the pathogenicity of
viruses in native shrimp.

+ Field epidemiologic studies. In addition to laboratory-based experiments,
participants believed that a parallel effort involving field epiderniology could yield
information helpful for understanding the prevalence and potential effects of viruses
in wild shrimp populations.

5.4. ADDITIONAL AREAS OF CONCERN

Workshop participants identified the following areas of concern, in which additional
efforts should be focused: “




Management implications of shrimp viruses. It was recommended that a risk
management workshop be held, focusing on impacts to natural resources and on
possible impacts on shrimp importation, processing, and aquaculture operations.

Risks of shrimp viruses to aquaculture operations. Workshop participants also
recommended that a separate workshop be held on this topic.

Risks of shrimp viruses to nonpenaeid species. Because this workshop was limited
to evaluating the direct effects of viruses on wild shrimp populations, participants
recommended that additional effort be directed toward evaluating nonpenaeid shrimp
species (e.g., grass shrimp) and other species (e.g., crabs, amphipods, and copepods)
that could be impacted by viruses.
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APPENDIX A. BREAKOUT GROUP REPORTS

Workshop participants were organized into three groups, each of which was charged with

evaluating the risks associated with one of the following categories of viral pathways:

Aquaculture
Shrimp processing
Other potential pathways

Dr. Wayne Munns (EPA Office of Research and Development) led the aquaculture group, Dr.

John Gentile (University of Miami) led the shrimp processing group, and Dr. Anne Fairbrother
(Ecological Planning and Toxicology, Inc.) led the “Other Pathways™ group. Prior to the
workshop, participants were given their breakout group assignment (Appendix B) and provided
premeeting materials for their consideration in preparing for the workshopb (Appendix C). Atthe
discretion of edch breakout group chair, observers were provided an opportunity to participate in
discussions during breakout group sessions.

The breakout groups applied an adaptation of the risk assessment procedure described in the
Aquatic Nuisance Species Task Force (ANSTF) report (RAM, 1996; Appendix G) to evaluate
the ecological risks associated with each identified viral pathway (see also Section 2.1). Each
breakout group evaluated and ranked elements of both the potential for establishment of the
viruses via the identified pathways and the potential ecological consequences of establishment,
should it occur. Breakout groups also identified the level of uncertainty (ranging from very
uncertain to very certain) associated with these rankings.

After the workshop, Dr. Munns prepared the report of the Aquaculture Breakout Group

- (Appendix A-1), Dr. Gentile prepared the report of the Shrimp Processing Breakout Group
(Appendix A-2), and Dr. Fairbrother prepared the report of the “Other Pathways™ Breakout
Group (Appendix A-3). Workshop participants had a chance to review and comment on the
breakout group reports prior to preparation of the final document. 4




A-1. Report of the Aquaculture Breakout Group

A.1.1 INTRODUCTION

This breakout group was charged with assessing the risk associated with introduction of
nonindigenous virus to wild shrimp populations from the shrimp aquaculture: pathway (see
Figure A-1).

Prior to implementing the ANSTF process, the Aquaculture Breakout Group addressed two
questions. First:

1. Should the evaluation consider the four primary viruses (IHHNV, TSV, WSSV, and
YHYV) separately or as a group?

The breakout group recognized that consideration of differences among the viruses and in their
relationships with host penaeids could lead to different ratings of the elements comprising
probability of establishment; however, given the time constraints for completing the risk
assessment, the breakout group decided that the viruses would be considered as a group
whenever possible, but unique differences would be identified that might contribute to distinctly
different conclusions about elements of the probability of establishment.

The second question addressed by the group was:

2. Should the evaluation consider risks of viruses direcﬂy to aiquaculture operations in
addition to the two assessment endpoints identified in the JSA report?

In its initial deliberations, the breakout group noted that aquaculture operations have already
experienced outbreaks of viral infection, some of which have been catastrophic. This suggests
that, because of the obvious risks to aquaculture, a further assessment to estimate these risks is
not necessary at the present time. The breakout group decided instead to recommend to risk
managers that action is needed to minimize risks to aquaculture from future outbreaks. Effective
mitigation of this risk is likely to require evaluation of viral pathways to aquaculture operations;
therefore, some future pathway analysis may be necessary. For this assessment, the breakout
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group decided to consider sources and pathways leading to aquaculture only if they provided

information relevant to aquaculture as a source of viruses to wild populations of shrimp.

A summary of risk ratings discussed by the aquaculture breakout group is provided in Table A-1.
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Figure A-1. Conceptual model: Virus sources and pathways for aquaculture (JSA, 1997)




Table A-1. Summary of Aquaculture‘Breakout Group riskrrrankings

Refer to supporting discussion in the text to properly evaluate information presented in this table.

The risk assessment process is described in Section 2.1 and Appendix G.

Transport Sediment
to and Solid
Pond Pond Processing Waste
Escapement Flooding Facili Disposal
High/very High/very High/very High/very High/very
certain certain certain certain certain
"§I High/very Low/ Medium/very Low/ Low/
! certain or very certain " certain reasonably reasonably
low/reasonably certain certain
certain’
Low (or medium Low (or Low (or Low (or Low (or
" to high)*/very medium to medium to medium to medium to
certain high)*/very high)*/very high)*/very high)*/very
certain certain certain certain
Low/relatively Low/relatively Low/relatively Low/relatively Low/relatively
uncertain to uncertain fo uncertain to uncertain to uncertain to
high/very high/very high/very high/very high/very
uncertain® uncertain® uncertain® uncertain’ uncertain®

Low to Low to Low to Low to Low to
medium/very medium/very medium/very medium/very medium/very
uncertain uncertain uncertain uncertain uncertain




High if pond is infected and shrimp escape from pond; low otherwise.
Some breakout group members believed that the potential was medium and would be high if the aquaculture
industry expands significantly along the Gulf Coast.

The breakout group could not reach consensus; opinions on entry potential ranged frora low to high.




A.1.2 PROBABILITY OF ESTABLISHMENT OF VIRUSES IN AQUACULTURE
Al21 Probability of Nonindigenous Viruses Being in the Aquaculture Pathway

The occurrence of nonindigenous viruses in U.S. aquaculture operations is well documented.
The breakout group concluded that the probability of nonindigenous viruses being in the
aquaculture pathway is High (Very Certain). As summarized in the JSA report, TSV has been
identified in disease outbreaks in Hawaii, Texas, and South Carolina (Lightner, 1996a, 1996b).
IHHNYV was first identified in Hawaii (Lightner et al., 1983a, 1983b) and was subsequently
observed in farms in South Carolina, Texas, and Florida (Fulks & Main, 1992). WSSV and
YHYV also have been documented at a shrimp farm in Texas (Lightner, 1996a, 1996b), and a
WSSV-like particle has been identified in South Carolina (P. Sandifer, personal commuﬁication).
Breakout group members noted that the origins of these viruses are not always traceable to their
ultimate sources, but it was suggested that their introduction to the United States may have
resulted from importation of infected shrimp from other regions of the world (e.g., Latin America
and Asia). The breakout group questioned the frequency of virus occurrence in U.S. aquaculture
operations due to the lack of well-established monitoring programs and detection protocols; the
group concluded, however, that, given the time course of disease progression and the nature of
current shrimp farming practices (e.g., high shrimp densities), it is very certain when viruses are

present.

A.1.2.2 Probability of Nonindigenous Viruses Surviving in Transit in the Aquaculture
Pathway '

To determine the probability of nonindigenous viruses surviving in transit, the breakout group
considered the six subpathways from aquaculture to wild shrimp stocks, as shown in Figure A-1.
The group initially attempted to rate‘survivai in transit for each subpathway in an effort to
_provide complete information for management consideration; however, there was insufficient
time for this task and the group determined that the probability of surviving in transit is primarily
a function of the most likely subpathway. Given the lack of information and high uncertainty for
subpathways such as pond effluent and sediments, the breakout group tabled discussions of these
and other pathways and focused much of their discussion on one remaining subpathway
(escapement), which includes both accidental and intentional releases, as well as “escape” via

transport of shrimp tissue by the predatory activities of other animals. (However, as discussed in
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the following, opinions diverged on this topic. Some breakout group members believed that the
sediment and effluent pathways, which the group tabled because of a lack of crucial data, may “
also be important.)

A.1.2.2,1 Escapement Subpathway

Information relevant to this rating includés documented cases of shrimp escapement in South
Carolina (South Carolina Department of Natural Resources, C. Browdy, personal
communication) and capture of cultured species in Texas waters by shrimp trawlers (R.
Goldburg, personal communication). The frequency of escapement is said to be low and
infrequent because of engineering controls, such as the use of screens in effluent streams F.
Jaenike, personal communication). However, the breakout group recognized that the release of
viruses to the environment via this subpathway is dependent on the life stage of the infected
shrimp (e.g., larval stages may be more likely to bypass engineering controls). Professional
judgment suggests that all life stages are capable of escape under favorable conditions.

The breakout group agreed that viruses would survive shrimp escapement. The group
acknowledged that the probability of release of viruses to the environment is a function of the
probability that a pond is infected and the probability of shrimp escaping from that pond. The
breakout group concluded that the probability of surviving in transit would be High (Very
Certain) if these two conditions were met but would be Low (Reasonably Certain) if they were
not met.

A.1.2.2.2 Pond Flooding Subpathway

The breakout group concluded that the probability that nonindigenous viru‘ses‘ could escape
aquaculture operations via pond flooding was Low (Very Certain), based on the judgment that
ponds are unlikely to flood to overflowing. For example, ponds did not overflow during recent
hurricanes in South Carolina, although the intensity of a storm event, its point of impact, and the
specific location of aquaculture ponds would all influence the likelihood of flooding and the
potential for escapement.
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A.1.2.2.3. Pond Effluent Subpathway

Due to the lack of data and consensus among breakout group members, the breakout group did
not complete an evaluation of this pathway, although a rating of Medium (Very Uncertain) was
assigned. The primary uncertainties are the presence, viability, and infectivity of viruses in
effluent waters. It was noted that TSV has been documented in water but not necessarily in
effluent waters. There is suggestive evidence about this potential pathway. A workshop
observer (R. Laramore) communicated results of an experiment that suggest that caged shrimp
exposed in infected ponds developed disease. (Shrimp developed disease when exposed within 1
to 2 days to experimentally inoculated water, but they did not develop disease when exposed
within 3 to 5 days of the water’s inoculation [R. Laramore]). In 1995, HSF , Ltd.‘, and the Arroyo
Aquaculture Association conducted several trials in which cages were floated within a shrimp
growout pond that had experienced a TSV epidemic and with pond water in tanks. The cages
were suspended above the pond bottom and stocked with juvenile P. vannamei. No TSV was
detected in shrimp exposed for 30 days under these conditions (F. Jaenike, personal
communication). These results suggest that TSV may be transmitted during the acute but not the
chronic stages of the disease. An unsubstantiated statement was made that viruses sorb quickly
to particulate matter and, by so doing, may reduce their potential for future infection. The
breakout group concluded that experiments critical to addressing this subpathway have not been
conducted. ' '

Some members of the breakout group offered a dissenting opinion about the potential for virus
transmission in effluent waters. They believed that the group had not adequately evaluated this
pathway. It was noted that data from J. Lotz suggest that IHHNV and TSV can survive in an
infective state for a minimum of 28 days. D. Lightner suggested that IHHNV can survive in
sediments for up to 24 days; however, he had not evaluated the virus’s infectivity during that
period. Waters in the Gulf of Mexico typically have high particulate loads; therefore, once
particulate matter is suspended, it represents a viable route of exposure to P. setiferus (which is
primarily pelagic) and P. aztecus (which is both demersal and pelagic over the course of a day).

_ Some participants felt that this information suggests that effluents released from infected farm

ponds could represent a viable pathway for exposure to native populations.
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A.1.2.2.4 Transport to Processing Facility Subpathway

The breakout group assigned a rating of Low (Reasonably Certain) for this pathway, because
cases of accidental shrimp escapement by this route have not been documented and are believed
to be virtually nonexistent.

A.1.2.2.5 Sediment and Solid Waste Disposal Subpathway

The breakout group assigned a rating of Low (Reasonably Certain) for this pathway, assuming
that pond dredging activities do not occur within 30 days of disease outbreak. This judgment is
based on the relatively short half-lives of viruses in sediments (estimates of viability ranged from
1 to 2 days for WSSV to 30 days for IHHNV) and also on the knowledge that disposal of solid
wastes into the ocean is not permitted under U.S. regulation.

A.1.2.2.6 Bait Shrimp Subpathway

This pathway was evaluated by the “Other Pathways” Breakout Group.

A.1.2.3 Colonization Potential for the Aquaculture Pathway

In evaluating the potential for virus colonization, the group concluded that the probability of
nonindigenous viruses successfully colonizing and maintaining a population where introduced is
Low (Very Uncertain). Some breakout group members expressed concern about the rating of
Low for colonization potential and offered a dissenting opinion. These individuals believe that
the rating should be changed to Medium, based on information communicated during plenary
discussions and the judgment that pond effluent might provide a continuous input of virus to
near-coastal systems. Furthermore, they believe that if the aquaculture industry were to expand
significantly along the Gulf coast, this potential might more appropriately be rated as High.

Nonetheless, the breakout group concluded that the potential for colonization from U.S.
aquaculture sources is Low, because of the lack of evidence suggesting establishment of viable
virus populations in wild U.S. shrimp stocks introduced via the aquaculture pathway and because
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virus outbreaks in farm ponds have not been correlated with similar outbreaks in local wild stock.
This may not be true in other areas of the world, where past practices have involved the
“dumping” of entire ponds when outbreaks have occurred. The breakout group recognized,
hoWever, that colonization potential is likely to be virus specific and dependent on the specific

shrimp species and its life stage susceptibilities.

A.1.2.4 Spread Potential for the Aquaculture Pathway

After considerable discussion, the breakout group was unable to reach consensus on the potential
for the spread of viruses once the viruses had colonized. The group ultimately concluded that the
potential ranges from Low (Relatively Uncertain) to High (Very Uncertain).

Workshop participants suggested that stocks of P. setiferus in the Atlantic are genetically
homogeneous (Mark Frischer, Skidaway Institute of Oceanography, personal communication), as
are the northern and southern populations in the Gulf of Mexico (D. Boudreaux, observer,
personal communication). Thus, there is the potential for substantial interaction over broad -
geographic regions, which could promote the spread of viral infection. However, other penaeid
species may not be genetically homogeneous.

During its deliberations, the breakout group considered whether experiences with viral disease in
aquaculture farms could be extrapolated to field situations. Participants noted that when an
outbreak occurs at a facility, viral infection spreads fairly rapidly within individual ponds and can
individuals and from pond to pond remain unknown. The breakout group recognized that disease
transmission in aquaculture may not be analogous to transmission in wild populations, due to
differences in the relative stress experienced by farm shrimp (e.g., crowding, nutritidn,
predation). '

The breakout group agreed that the potential for spread depends in large part on the time course
of the disease and the density of shrimp in wild populations (and therefore the rate of individual
encounters). For example, low shrimp densities are likely to hinder disease spread, whereas high
densities are likely to promote transmission. The breakout group recognized that spread potential
is virus specific as well as host dependent. (TSV and IHHNYV are thought to have low spread
potential, while the spread potential of YHV and WSSV is currently unknown). Additionally,
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WSSV, when detected in wild stocks in Asia, is distributed over wide geographic areas. This
supports the conclusion that viral disease can spread readily from its original locus of
colonization. As noted in the JSA Réport, other stressors (such as low dissolved oxygen and
extreme salinity) are likely to influence the potential for spread of the disease. The mechanisms
of virus transmission and infectivity remain major data gaps with respect to spread potential.

A.1.3 CONSEQUENCES OF ESTABLISHMENT OF VIRUSES FROM
AQUACULTURE

To assess the consequences of establishment, the breakout group made the assumption that
nonindigenous shrimp viruses are established. However, this assumption does not reflect a belief
on the part of the br;éakout group that viruses have indeed been established in U.S. waters.

The breakout group’s evaluations focused on the two assessment éndpoints articulated in the JSA
report: the direct effects on the survival, growth, and reproduction of wild penaeid shrimp
populations and the effects on eéological structure and function of marine communities as they
affect wild shrimp populations. The breakout group gave primary attention to the first
assessment endpoint.

A.1.3.1 Direct Effects on Wild Shrimp Populations

The breakout group concluded that direct effects on wild shrimp populations are Low to
Medium (Very Uncertain). Participants noted that penaeid shrimp can be characterized as “r-
selected” organisms because they display an annual life history paftern with high reproductive
output and high mortality during early life stages. In reviewing the existing information, the
breakout group concluded that mass mortalities of adult shrimp typically have short-term
repercussions on standing shrimp stocks. For example, the suspected 1987 IHHNV-induced
mortality event in the Gulf of California (Pantoja-Morales, 1993) was associated with reductions
in P. stylirostris population abundances for approximately 6 to 7 years, but stocks are reported to
be returning to preoutbreak levels. (No specific references were offered in support of this
contention, and considerable doubts remain about the role that IHHNYV played in the observed
population declines.) Additionally, participants noted that because of high fecundity and
migratory behavior, P. setiferus is capable of rebounding from a \)ery low population size in one
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year to high abundances in the next year, if environmental conditions are favorable. This has
been observed off the South Carolina coast several times in‘the past 50 years (Linder &
Anderson, 1956; McKenzie, 198 1).' A reported increase in reproductive output of wild shrimp
populations in Honduras during the 1994 outbreak of TSV provides additional support for
demographic compensatory responses (R. Laramore, observer, personal communication),
although it was noted that other factors may have contributed to these population changes. Along
with anecdotal information regarding the possible long-term effects of viral infections in Latin
American and Asian shrimp populations, the breakout group determined that these observations
suggest that direct mortality effects would be relatively transitory. Also, it was suggested that
initial outbreaks could lead to enhanced resistance to future viral infection, based on the
observation that resistance to IHHNV appears to have increased in all populations tested since
the identification of this virus in Hawaiian stocks (Lightner, personal communication).

In addition to direct mortality effects, the breakout group discussed the potential for sublethal
effects of viruses on shrimp reproduction and growth. The breakout group was aware of no
information describing adverse viral effects on reproductive potential of infected individuals.
One expert noted that reproductive output of infected P. vannamei brood stock appears to be
unaffected by viral infection (F. Jaenike, personal communication). However, in contrast to the
previous statement, individual growth impairment in offspring of P. vannamei infected with
THHNYV has been documented (Fulks & Main, 1992). Assuming that fecundity of female
Penaeus is an increasing function of size (a phenomenon common in other invertebrate species),
breakout group participants considered that stunted growth of offspring could result in reduced
reproductive output of the second generation. The breakout group concluded that individual
growth impacts could therefore cause population-level effects, although an analysis of the
importance of reproduction to shrimp population dynamics would be required to support this
conclusion.

To complete its evaluation of direct consequences of viruses to shrimp populations, the breakout
group considered a scenario in which a shrimp population experiences a 50 percent decrease in
abundance for 5 years as a result of viral outbreak. (This scenario is similar to the Gulf of
California situation described by Pantoja-Morales.) By extrapolating from the information
summarized previously, the breakout group suggested that the direct consequences on population
abundance might be short lived and that stocks would rapidly recover to historic abundances;
therefore, the environmental impacts would be low to medium for the immediate population.

The breakout group recognized, however, that the genetic consequences of rapid reductions in
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population abundance (the so-called “founder effect”) are unknown but potentially important.
Substantial uncertainty surrounds this rating due to the lack of information regarding analogous
situations in actual wild populations and the lack of direct experiméntal evidence.

A.1.3.2 Effects on Ecological Structure and Function

The breakout group did not rate this element due to insufficient data and a lack of time for a
thorough evaluation. The breakout group identified examples in which other invertebrate species
have experienced severe disease consequences:

 The near decimation of oysters (Crassostrea virginica) by the protozoan pathogens
Haplosporidium nelsoni and Perkinsus marinus, called MSX and dermo disease respectively
(Haskin & Andrews, 1988; Andrews, 1996; Burreson & Ragone-Calvo, 1996), has resulted in
significant changes in the oyster reef habitat throughout Chesapeake Bay and dramatically
reduced the rate at which bay water was filtered by feeding bivalves (Kennedy, 1996).

« Insect/virus associations in which high abundances of the host species promote rapid
outbreaks of viral disease, followed by dramatic declines in the host, near-disappearance of

the virus, and reestablishment of the host (S. Thiem, personal cbmmunication).

e The introduction into Scandinavia of North American crayfish that were carriers of the
freshwater crayfish plague Aphanomyces astaci (Unestam & Weiss, 1970).

Some breakout group members believed that these examples might serve as models for
extrapolating potential consequences of viral establishment in aquétic systems as they affect
shrimp populations. These examples may show how ecological systems might be affected by
viral outbreaks in shrimp. The breakout group recognized that careful analysis of these examples
would be needed to identify similarities and differences relative to the shrimp virus situation.

The aquaculture breakout group did not discuss the effects of viral disease on other components
of the ecosystem that might influence dynamics of shrimp populations. Subsequent plenary
diécussion, however, suggested that other crustaceans (notably paleomonids or “grass shrimp”)
might suffer negative impacts with potentially severe consequences to the ecological system as a
whole. The breakout group suggested that fish catch data maintained by Mexico during the Gulf

A-16




of California shrimp decline might help provide insight on possible impacts of shrimp viruses on
nonshrimp species.

The breakout group agreed that development of an epidemiological model describing virus-
shrimp interactions and subsequent sensitivity analyses of its results would be useful for
identifying critical areas of uncertainty and prioritizing research needs. Such a model would
permit initial quantitative assessments of the potential consequences of viral infection on wild
shrimp populations.
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A-2. Report Of The Shrimp Processing Breakout Group

A.2.1 INTRODUCTION
This breakout group was charged with assessihg the risk associated with intl;oduction of
A-2).

Currently, over 60 countries export both pond-raised and wild shrimp to the United States Over
one-half of the shrimp processed in the United States is imported from foreign countries, where
viral diseases may be a problem. To minimize disease effects on cultured shrimp yield, some
countries harvest shrimp during the early stages of a disease outbreak. This strategy avoids high
mortality and catastrophic economic losses, but it increases the likelihood that shrimp imported
to the United States will be contaminated with viable viruses (Lightner, 1996a). Shrimp infected
with WSSV, YHV, and TSV have been identified in retail stores in the United States (D.
Lightner, unpublished); therefore, the importation and processing of infected shrimp may
increase the potential for the introduction of pathogenic viruses info coastal waters adjacent to
processing plants. This pathway may thus pose a threat to-wild shidmp populatiohs (JSA, 1997).

The breakout group reviewed the steps in shrimp processing to identify the potential pathways
for the release of virus-contaminated material into the environment. This information was used
to examine the conceptual model contained in the JSA report (Figure A-2) to ensure the model’s
completeness and to evaluate the probability of establishment, impact, and risk for each of the
pathways. ’ |

The steps in the commercial processing of shrimp are described in Figure A-3. Of the shrimp
processed in the United States, 80 percent of total crop is foreign and 20 percent is domestic in
origin. Of the imported shrimp, 50 percent is farm raised and 50 percent is wild catch. Most
foreign shrimp arrives frozen and generally without heads. Appro?cimately 50 percent of
domestic landings arrive at processing plants frozen, and the remainder is fresh. Therefore, only
about 10 percent of the total shrimp processed in the United States is actually fresh. The
breakout group estimated that up to 40 percent of the total shrimp processed in the United States
arrives at processing plants without heads. Because shrimp heads can carry a high concentration
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of some viruses, the presence or absence of heads on shrimp arriving in the United States is _
significant.

Processing involves several steps, including thawing (if the shrimp arrive frozen), grading,
peeling, and culling (see Figure A-3). Participants noted that no water is transferred when -
foreign, frozen shrimp arrives in the United States on container ships. Liquid effluent produced
from thawing, culling, and washing is either sent to waétewater,treatment facilities or is
discharged into the coastal environment without treatment. Participants noted that the level of

treatment varies according to state requirements. For example, Florida requires treatment of all
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Shrimp Processing

Entrv of Vlrus Into Processmg
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Waste treatment

Figure A-2. Conceptual model: Virus sources and pathways for shrimp processing (JSA,
1997)
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- Figure A-3. Flow diagram for shrimp processing.
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effluent from shrimp processing. Breakout group members estimated that, nationally, 40 to 50
percent of shrimp-processing effluent is treated. Breakout group members concluded that the
discharge of processing effluent from wastewater treatment facilities poses no potential risk
because it is believed that the disinfection process is likely to kill viruses. The direct discharge
of processing effluent into estuarine waters, however, may represént an important pathway for
the establishment of viruses in the environment. Breakout group members felt that this pathway
may represent a frequent or continuous source of virus into the environment, thereby increasing
the probability of establishment. | |

Solid waste is generated primarily during peeling, when shrimp shells are removed and sent to
landfills or processed for fish feed or fertilizer. Breakout group members noted that, in general,
landfills are covered in 24 hours; however, seagulls and land crabs (Sesarma) have been reported
to immediately descend on shrimp heads once they reach the landfill. There is evidence that
TSV can survive intact in seagull feces (D. Lightner, personal communication), thereby
providing a poténtially important pathway for viruses to contaminate both aquaculture facilities
as well as nearshore bays and estuaries. |

Processing operations have an effect on the viability of some viruses. For example, breakout
group members reported that the viability of WSSV (and YHV, by analogy) declines with
increasing frequency of freeze/thaw conditions, but this is not the case for either IHHNV or TSV.
This difference in persistence may result from the size and structure of the viruses ; IHHNV and
TSV are small virus particles whereas WSSV and YHYV are larger, more complex viruses that
may be more labile (Table A-2). Similarly, breakout group participants noted that experimental
evidence shows that IHHNV and TSV have longer half-lives (28 days) in open water than do
WSSV and YHV (7 days) (J. Lotz, personal communication, for TSV and W SSV; Flegel et al.,

1995, for YHV).

The breakout group noted that effluent from shrimp boats is of minimal concern, because it
represents such a small amount of the total potential pathways of virus introduction into the
system.

Based on its analysis of shrimp processing, the breakout group decided that the basic elements of
the conceptual model presented in the JSA report adequately represent the major pathways
associated with processing. For the purposes of this exercise, the breakout group selected four
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pathways for evaluation: treated effluent, untreated effluent, solid waste in landfills, and shrimp -
feed/fish feed.

A summary of risk ratings discussed by the shrimp processing breakout group is provided in
Table A-3. '
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Table A-2. Virus persistence, virulence, and infectivity

THHNV TSV YHV WSSV
Persistence 3.5 3.5 1.5 1.5
(1 = least, 4 = most)
Virulence to Gulf Species 1 2 3 4
(1 =least, 4 = most)
Relative Infectivity
Penaeus setiferus
Larvae — — ND ND
Post-larvae — ++ — et
Juvenile + + ++ ++
Adult ND + ND ND
Penaeus duorarum
Larvae — — ND ND
Post-larvae — —_ — ++
Juvenile + + ++ +
Adult ND ND ND ND
Penaeus aztecus
Larvae — — ND ND
Post-larvae — + — 4+
Juvenile + + A+ +
Adult ND ND ND
INFECTIVITY
ND = No data
+ = Infectious
++ = Mortality

~ = Tried but negative
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Table A-3. Summary of shrimp processing breakout group risk rankings

Refer to supporting discussion in the text to properly evaluate information presented in this table.

The risk assessment process is described in Section 2.1 and Appendix G.

High/

High/very

certain

very certain | very certain very certain certain
Low/ High/ Medium/ Low/

very certain | very certain reasonably very certain

certain
Low/ Medium/ Low/ Low/
very certain | moderately reasonably very certain
certain uncertain
Low/ Medium/ Low/ Low/
very certain | moderately reasonably very certain

uncertain

Low-

Low-

Low-medium/

Low-medium/

uncertain

uncertain
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A.2.2 PROBABILITY OF ESTABLISHMENT OF VIRUSES FROM SHRIMP
PROCESSING

A.2.2.1 Factors Influencing Colonization and Spread from Shrimp Processing

To accurately assess the probability of establishment of viruses released from shrimp processing,
the breakout group reviewed the concepts of colonization/infectivity potential and spread
potential, which are two key elements of the establishment process that may ultimately influence
environmental impact. Participants noted that implicit in any discussion of risk is the issue of co-
occurrence between the stressor (viruses) and the receptor (wild shrimp populations). Exposure
to the shrimp virus, therefore, depends not only on the spatial and temporal patterns of viral entry
into coastal and marine systems but also on the movements and life-history patterns of the shrimp
(JSA, 1997). To help understand this concept, the breakout group discussed the spatial and
temporal distribution of the shrimp populations.

A.2.2.1.1 Life-History/Behavior

Breakout group members noted that shrimp populations move into the nearshore regions as
postlarvae and as juveniles during the spring. During these life stages, shrinap may be more
likely to be exposed to viruses entering from onshore processing discharges or from landfills via
avian and crustacean vectors. It was also noted that prior to leaving the estuaries in late summer
and early fall, many shrimp undergo a “staging period” in which different species commingle and
aggregate in high densities in the nearshore environment for 1 to two months.

The breakout group hypothesized that this behavior increases the likelihood for exposure and
subsequent transmission and spread of disease. It was suggested that this hypothesis is probably
valid for IHHNYV and possibly for WSSV, but not for TSV. A breakout group member also
noted that the spread of virus is a function of the different susceptibilities of shrimp species, their
life stages (Table A-2), and the ways in which the shrimp are distributed. For example, if shrimp
are homogeneously distributed throughout the Gulf, they act as one population. However,
participants noted that a more likely scenario is that there are localized areas with high shrimp
densities and other areas where there are no shrimp. Even within good habitat, populations are
likely to be patchy. |
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A.2.2.1.2 Population Density

To determine if population density affects disease outcomes, the breakout group discussed
whether experiences in aquaculture can be related to field populations. Breakout group members
noted that the virus will create a long-term problem in aquaculture when densities are high. For
example, in 1996, South Carolina farms experienced widespread infection with TSV. Not all
ponds, however, became infected; ponds stocked less densely appeared to avoid the disease.
Breakout group members suggested that densely populated conditions create a stressful
environment that makes shrimp more susceptible to the spread of disease. This hypothesis is
supported by observations from more “natural” impoundments in South Carolina coastal waters,
where shrimp densities are reported to be lower and no disease was found.

A.2.2.1.3 Persistence and Virulence

Knowledge of the persistence and virulence of viruses in various environmental media is
important to predicting the probability of infection/colonization in wild shrimp populations.
Breakout group participants cited data suggesting that persistence in water is virus dependent.
IHHNYV and TSV persist for weeks to a month, and WSSV and YHV persist for days (Table A-
2). Virulence of the four viruses was considered by breakout group participants and ranked in
decreasing order as follows: WSSV, YHV, TSV, IHHNV. In addition, there is a wide range of
sensitivity among species and among life-history stages within a species. Participants noted that
THHNYV, though very persistent, is not particularly virulent to Gulf species. It has only been
detected within juveniles and has not been known to cause mortality. WSSV is least persistent
but appears to be very virulent (Lightner, 1996), causing mortalities to the postlarvae of all three
Gulf species in laboratory experiments (Lightner et al., in press). Variations in persistence,
virulence, and life-stage sensitivity underscore the uncertainties associated with determining

. colonization potential.

A.2.2.1.4 Routes of Infection

To determine the potential for viral establishment, the breakout group also considered the
primary routes of infection. There are four plausible pathways: exposure to water (in particular,
contact with respiratory surfaces), ingestion of water and associated particles, ingestion of other
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infected shrimp, and transmission from infected spawning adults through gametes to larvae. It
was noted that this last pathway is limited to the offshore stage of the shrimp’s life history, while
the other three pathways are of greater significance during nearshore stages. Breakout group
participants further suggested that animal vectors such as sea gulls and land crabs could represent
plausible routes of exposure from solid waste d1sposa1 of processed shrimp. It was proposed that
sea gulls, which eat potentially infected carcasses disposed at landfills, could disperse virus
through their excrement, thereby infecting coastal ponds. Some breakout group members cited
reports from Thailand that land crabs (Sesarma sp.) feeding on infected matter in landfills could
be infected with WSSV and carry the virus back to coastal environments.

A.2.2.1.5 Spatial Scale

Breakout group participants considered that spatial scale is an important factor in both the sprez{d
and the probability of environmental impacts. The breakout group generally agreed that local
discharges of virus-laden effluents have a reasonable likelihood of infecting a local population of
shrimp, particularly in a closed embayment with restricted exchange. Participants hypothesized
that such a localized popuIation would be likely to extinguish itself as a result of disease and thus
have little or no effect on the population as a whole. Participants noted, however, that there is no
evidence to support such a hypothesis.

Similar scenarios can be constructed for large-scale impacts. For example, the “staging” and

“aggregating” behavior discussed previously provides an opportunity for a locally infected
population to commingle with other spe01es at high densities, thereby increasing the likelihood of
transmission and the spread of the virus. Furthermore, the subsequent offshore migration
provides a vector for the virus to reach other populations, thereby potentlally transmitting viruses
through the reproductive cycle. Participants noted that, while scenarios such as these may be
plausible, they tend to have very high uncertainty.

A.2.2.2 Pathway Analyses for Shrimp Processing
Breakout group participants observed that several potential exposure pathways can be developed

for the conceptual model for shrimp processing. Both shrimp processing plants and retail outlets
produce liquid effluent. The proportion of untreated effluent from the retail sector is likely to be
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relatively unimportant, because most effluent is directed to municipal treatment facilities. 7
Breakout gfoup members recognized that this is not the case in processing, where the volumes of
liquid effluent are quite large. The breakout group estimated, however, that at least 50 percent of
liquid effluent from processing passes through a municipal treatment facility, which potentially
reduces the total risk from this pathway. In addition to effluents, both the retail and processing
‘sectors produce solid waste in the form of shells and heads, which are disposed of either in
landfills or used in the production of shrimp or fish feed.

The breakout group qualitatively estimated the probability of establishment of the virus in wild
shrimp populations for the following pathways: treated effluent from shrimp processing and
retail, untreated effluent from shrimp processing and retail, solid wastes to landfills, and solid
wastes to shrimp feed. The breakout group generally agreed that there is a very high probability
that wild and farmed foreign shrimp in each of the four pathways are contaminated with viruses.
Because foreign shrimp compose 80 percent of the total shrimp consumed in the United States,
they represent a major source of potential infection of U.S. farmed and wild shrimp populations.
The breakout group therefore agreed that there is a High probability of viruses being associated
with the pathways leading from both processing and retail to the environment. . The breakout
group was Very Certain of this ranking. These rankings are based on general knowledge, with
empirical data for the presence of both WSSV and YHV in foreign products.

A.2.2.2.1 Treated Effluent

Because of the high likelihood that virus-infected shrimp may be in this pathway, the primary

effluent emanating from plants and retail markets is very likely to carry viruses; however, both
retail and processing effluent treated at municipal treatment plants are highly unlikely to retain
live viruses because of the rigorous disinfection practices used. As a result, the breakout group
was Very Certain that the entry potential is Low. The breakout group was also Very Certain
that there was a Low risk of colonization and subsequent spread of infection. In this case, the

breakout group based its rankings on a general knowledge of virus disinfection and survival in

municipal treatment plants and professional judgment regarding its colonization and spread.
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A.2.2.2.2 Untreated Effluent

Untreated effluent from retail and, more important, from shrimp processing poses the greatest
potential risk for disseminating shrimp viruses to wild shrimp populations. The breakout group
estimated that approximately 50 percent of liquid effluent from shrimp processing is untreated
and that potentially virus-laden discharges could be released regularly into the environment. The
breakout group was Very Certain that the probability of the organism surviving in transit and
the potential for entry into the environment is High. -

Breakout group participants noted that the persistence, infectivity, and virulence of the virus in
the receiving waters is somewhat more uncertain and is a function of the type of virus, the
distance from the receiving waters, the properties of the receiving waters, the stage in the shrimp
life cycle, and time of year. Consequently, the breakout group judged the potential for
colonization to be Medium (Moderately Certain). Because spread of the infection within the
wild shrimp population is also dependent on a variety of factors, the breakout group estimated
that the potential for spread of the virus once initial colonization has occurred to be Medium
(Moderately Certain).

A.2.2.2.3 Solid Waste in Landfills

Because of the uncertainties associated with the amount of material reaching landfills, the types
of vectors, and the threshold amount of virus required to infect the wild and aquaculture
populations, the breakout group found it more difficult to assess the probability of establishment
of shrimp virus in the wild population from the solid waste in landfills pathway. The breakout
group was Very Certain that the shells and particularly the heads of foreign farmed and wild
shrimp are highly likely to contain viruses (High) and that these viruses are likely to persist for
some time in landfill settings. However, the persistence of infectivity of these viruses is
unknown. ‘

Participants noted that land crabs (Sesarma) and sea gulls are two primary vectors thought to
move viruses from the landfills to estuarine waters. Both of these vectors are known to carry
viruses. The breakout group also noted that WSSV and YHV are not known to pass through
these animals’ digestive systems in an infective state; however, TSV is known to pass through
the guts of seagulls in an infectious state. At issue is whether the concentrations and frequency
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of virus introduction from these vectors is sufficient to exceed the threshold level required to
infect wild and aquaculture shrimp populations.

An important factor in virus transmission is that the virus is concentrated in the heads
(specifically, the lymphoid organ) of shrimp that survive TSV infection. The virus is systemic in
the bodies of shrimp at the early stages of TSV and YHV infection. Breakout group members
observed that, because shrimp from Asia are being Mvested at the onset of infection so that the
harvest is not lost, some imported shrimp are now noticeably smaller. The breakout group was
Reasonably Certain that there is a Medium probability of entry potential from landfills to
estuaries. Primarily because of the absence of virus-to-shrimp dose-response data and the
uncertainties (Reasonably Uncertain) associated with frequency and concentration of viruses
being introduced by these vectors, the group believed that there is only a Low likelihood of
colonization within the wild population. Participants noted that dose-response data are critical in
defining potential threshold levels for colonization. The breakout group also expressed caution
in evaluating the potential for spread or viruses in the wild populations (Low [Reasonably
Uncertain]).

Although the breakout group did not explicitly discuss the solid waste in landfills pathway in
terms of effects to aquaculture, participants hypothesized that there is a greater likelihood of
colonization and spread in closed ponds than in open circulating estuaries. Participants noted
that there is a higher probability of establishment from repeated small inocula from seagulls and.
crabs in small ponds than in estuaries. Because of the increased density of organisms in
aquaculture systems, breakout group members concluded that the potential for spread is likely to
be very high. The critical uncertainties remain (e.g., persistence of virus long enough for wild
shrimp to become infective, retention of its virulence, and exceedence of threshold dose).
Therefore, the breakout group determined that colonization in aquaculture settings from this
pathway is ranked Medium (Moderately Certain). However, participants recognized that once
the virus has colonized, the probability of spread is ranked as High with a fair amount of
confidence (Reasonably Certain).

A.2.2.2.4 Shrimp and Fish Feeds
One of the important markets for shrimp by-products (e.g., heads and shells) is the shrimp and

fish feed processing industry. The breakout group did not have information about the volume of. =~
shrimp by-products that contribute to this pathway, but the group was very confident that-shrimp
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by-products can be virus contaminated (High [Vefy Certain]). However, because shrimp and

fish feed are processed at very high temperatures, there is little chance that the virus can survive
and be a threat to the environment. The breakout group was therefore Very Confident that the
entry potential of viruses into the environment through this pathWay is very Low. The group was
Very Certain that the colonization and spread pbtentials are Low. Overall, the breakout group
considered the potential risk of establishment from the shrimp feed/fish feed pathway to be very
low to nonexistent with very little uncertainty. The “Other Pathways” Breakout Group also
evaluated shrimp feed as a source of virus introduction but came to somewhat different
conclusions (see Section 3.2.3).




A.2.3 CONSEQUENCES OF ESTABLISHMENT FROM SHRIMP PROCESSING

The breakout group identified three approaches that could be used to estimate the magnitude and
probability of environmental impacts from processing discharges into the environment:

« Field studies that associate virus incidence with disease or effects
e Experimental data that link viruses to-biological effects such as mortality, reproduction, and
growth

¢ Modeling studies that explore scenarios of virus exposure

A.2.3.1 Field Evidence for Environmental Impact Potential

The breakout group considered whether field observations have been made on the association
and/or co-occurrence of viruses and environmental impacts. It also considered whether empirical
data exist that associate viral infection with effects on wild shrimp populations. Workshop
participants noted that a crayfish introduced from California to Europe may likely have initiated
and served as a carrier to spread the freshwater crayfish plague throughout Scandinavia (Unestam
& Weiss, 1970). The Gulf of California shrimp declines described by Pantoja-Morales provide
another example (Lightner et al., 1992); however, the population declines were not conclusively
demonstrated to result from the virus. There is also evidence of WSSV-like infections in wild
populations of shrimp from a South Carolina estuary; however, it is not known how long the
virus has been in these waters. Data exist on the South Carolina P. setiferus catch during the
development of shrimp aquaculture in the state (Figure A-4). These data appear to reflect the
natural variability of the populations. This variability is largely related to annual spawn success,
which is controlled, at least in part, by winter temperatures. Participants emphasized that there is
no evidence to suggest that WSSV has affected wild shrimp populations in South Carolina or
anywhere in the world. Despite a serious outbreak of TSV in South Carolina in 1996, the 1996
and 1997 crop harvests were near or above the historical mean (Figure A-4). Baculovirus penaei
(BP) has also been detected in the mysis stage of brown shrimp in the Gulf of Mexico, which
suggests that the virus may have been transmitted via gametes from infected parent stock that
spawned in open Gulf waters. However, one workshop participant noted that there is no
evidence in the literature to suggest that BP can be transmitted via gametes.
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Studies of viral infections in populations of shrimp in Honduras suggest that endemic virus has
not had an impact on population levels (Laramore, observer comment, also in JSA, 1997).

Finally, workshop participants noted that there is evidence that IHHNV has become established
in aquaculture and that stunted growth in P. vannamei has occurred. These data suggest that
some viruses (e.g., [HHNV and TSV) exist in wild populations of shrimp; however, there is
currently no evidence (based on shrimp landings) that these infections have caused or are causing

impacts.
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It should also be noted that shrimp landings do not necessarily correlate well with shrimp
reproduction. The breakout group identified several remaining questions:

Are chronically infected wild populations at greater risk to challenge from other stressors?

Is there a delayed expression of chronic viral infection to the populations?

Have these populations developed resistance to the virus?
Has the virulence of the virus attenuated so that an equilibrium has been established between

virus and host?

A.2.3.2 Experimental Data for Environmental Impacts

Workshop participants noted that laboratory or field experimental data provides another line of
evidence for determining the probability of environmental impacts from virus infection of shrimp
populations. Studies in aquaculture facilities indicate that virus exposure, infection, and
mortality are strongly associated. However, no experimental studies have been conducted on any
species that can be used to establish any of the following:

Dose-response relationships

Virus transmission rates

Virus-induced impairment of reproduction

Virus infection rates

Transmission between life history stages or species

Therefore, breakout group members concluded that the lack of threshold information makes it
impossible to develop infection/colonization estimates with any degree of certainty.

A.2.3.3 Population Modeling

The breakout group briefly discussed the potential use of shrimp population models to estimate
impacts from various virus-induced mortality or reproductive impairment scenarios. Because of
the commercial importance of shrimp, participants believed that it is highly likely that population
muodels exist for these species. Additionally, participants felt that a large body of catch statistics
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could be subjected to time series analysis in concert with known periods of virus outbreaks.
These types of data may be available for foreign fisheries as well. A modeling framework could
be created to examine specific hypotheses by using population, transport, and fate models that
incorporate appropriate constants for infection and transmission. Sensitivity analyses could then
be performed to determine which parameters are most important and contribute the most
uncertainty. Participants concluded that research could then be directed to reduce uncertainty.

A.2.3.4 Summary
A.2.3.4.1 Local Impacts

The breakout group determined that there is a Low to Medium probability that local impacts will
occur from the discharge of untreated liquid effluents from processing plants discharging into
coastal waters. The breakout group assigned a medium ranking because of the large amount
(e.g., one-half million pounds per day) of contaminated foreign farm-raised shrimp that are
routinely processed with untreated effluents (Dunkelberger, personal communication). Sources
of uncertainty in this assessment include the virulence and persistence of the virus and the
susceptibility of the life stage of the host species. As a result, the breakout group was
Reasonably Uncertain about the likelihood that local impacts would occur. Furthermore,
participants concluded that the infrequency of local impacts to wild shrimp populations supports

a Low to Medium rating for impact.

A.2.3.4.2 Large-Scale Impacts

The breakout group determined that, for several reasons, it is more problematic to estimate the
consequence of establishment of virus diseases at large scales than at local scales. In addition to
the sources of uncertainty described for local impacts, mechanisms are required to explain a
broad-scale transmission of the virus. Breakout group members noted that, while the pre-
migration “staging” behavior could serve as a plausible mechanism, its validity has not been
demonstrated. The breakout group concluded that there is a Low probability of widespread
impacts from viral disease in shrimp, but they were Highly Uncertain about this rating. To date,
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however, no evidence from field studies or catch statistics suggests large scale impacts to wild

shrimp populations from virus infection.
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A-3. Report of the “Other Pathways” Breakout Group

A.3.1 INTRODUCTION

The “Other Pathways” breakout group was charged with assessing the risk associated with
introduction of nonindigenous virus to wild shrimp populations from pathways other than shrimp
aquaculture or shrimp processing operations. The group first itemized potential pathways and
then placed them in two categories: likely pathways and secondary or incidental pathways.

Likely pathways were identified as the following:

¢ Ballast water

e Bait shrimp

e Shrimp feed

¢ Animal vectors

Secondary or incidental pathways included:

e Natural spread

e Research and display facilities
e Human sewage

e Fishing vessels

¢ Hobby and ornamental displays
» Live seafood distribution

e Other crustacean aquaculture

¢ Incidental introductions

The group also discussed-transplantation of wild shrimp from one location to another as a
potential source of viruses, but this pathway was dismissed because such activity is illegal in all
southeastern Atlantic and Gulf Coast states.
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A.3.2 PROBABILITY OF ESTABLISHMENT—LIKELY PATHWAYS

The breakout group discussed and rated, using a qualitative approach, the four likely pathways
for their probability of establishment. In addition to compiling their ratings, this breakout group
also noted whether their supporting information came from general knowledge, judgmental
evaluation, extrapolation, or cited literature (see pp. 22-24, Appendix G). Because time was
limited, individual breakout group members rated the secondary‘ or incidental pathways
individually, without group discussion. A summary of risk ratings discussed by the “Other
Pathways™ Breakout Group for likely pathways is provided in Table A-4.

A.3.2.1 Ballast Water

Following the ANSTF approach, the breakout group estimated the probability of the organism
being on, with, or in the pathway to be High (Modei'ately Certain; professional judgment). The
breakout group defined the ballast water pathway to include the water itself, free virus in the
water, invertebrate organisms that might or might not carry the virus (either alive or dead), and
viruses associated with inorganic particulate material in the water. The breakout group
considered that ballast water is used on very large container ships and oil tankers and that
therefore discharges from these vessels represent a large volume to the nearshore or offshore
environments. The breakout group noted that no one has ever investigated whether ballast water
or any of its components contain shrimp viruses. Nonetheless, it is known. that many large
organisms are discharged routinely with ballast water (e.g., Carlton & Geller, 1993; Williams et
al., 1988). These include species of mysid shrimp, some of which have colonized bays and
estuaries with devastating effects, and the zebra mussel, which has recently colonized the Great
Lakes after frequent discharges in ballast water over an extended period.

The breakout group estimated the probability of the organism surviving in transit in ballast water
to be High (Very Certain; extrapolation from other organisms). Participants concluded that
many other organisms are known to survive transit in ballast water, so there is every reason to
believe that shrimp viruses could do so as well.

The breakout group estimated the probability of the organism successfully colonizing and
maintaining a population where introduced to be Low (Moderately Certain; extrapolation from
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other organisms). Breakout group participants noted that many organisms are introduced into
exotic environments but few survive to colonize. For example, the group noted that only after 70
years of ballast water introductions did the zebra mussel succeséfully establish itself in the Great
Lakes. For penaeid shrimp, however, colonization potential of virus discharged with ballast
water will depend on whether the discharge occurs in the open ocean or in nearshore estuarine
environments and on contact of the discharges with shrimp. Breakout group members
| recognized that neither the transmission rates of viruses in open oceans nor the infectivity of the
viruses to wild populations is known; only information about laboratory infectivity rates is
currently available. A breakout group member provided one example: John Couch, using a
baculovirus model, had great difficulty in getting infections to transmit among shrimp. Field
surveys of wild shrimp populations in Texas suggest that colonization potential is not high.
Studies for the past 25 years on shrimp and other crustacean species have not revealed any new
species that have colonized as a result of ballast water dischargés. However, the breakout group
noted that the volume of ballast water discharged into the Gulf of Mexico along the Texas and
Louisiana coasts is low compared to levels discharged into California or the Great Lakes.

The breakout group estimated the probability of the organism to spread beyond the colonized
area to be Medium (Very Uncertain; professional judgment). They believed that the virus
could be spread from a small focus of live shrimp that feed on dead infected shrimp discharged
with the ballast water. The spread from that focus is dependent on the infectivity threshold of the
virus, the transmission rate, and the density of susceptible host species. Breakout group
participants determined that each of these factors is dependent on the specific virus and may also
be dependent on life stage.

The breakout group concluded that the overall probability of establishment by the ballast water

route is Low because of the low colonization potential.

A.3.2.2 Bait Shrimp

The breakout group estimated the probability of the organism being on, with, or in the bait
shrimp pathway as High (Moderately Certain; general knowledge) for foreign (frozen) shrimp,
and Low (Very Certain; general knowledge) for domestic (live) shrimp. Anglers use shrimp as
bait when fishing for species that naturally eat shrimp. They purchase bait from bait shops or
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they use shrimp sold in grocery stores for human consumption. It was noted that bait shrimp
generally are smaller than those sold for human consumption and are considered substandard. It
was suggested that they may originate from aquaculture facilities that have harvested their shrimp
prior to full growout because of a viral outbreak. Breakout group participants noted that Latin
American and Asian producers may freeze these small shrimp and ship them to the United States
for sale as bait, while the larger, uninfected shrimp will be sold at premium prices for human
consumption. Therefore, there is a high probability that these smaller, frozen shrimp may
contain virus.

Some states (e.g., South Carolina) do not allow the use of nonnative farm shrimp as bait, but
domestic aquaculture shrimp may be harvested and sold as live bait. Breakout group participants
said that, although it is known that these domestic shrimp carry indigenous viruses (e.g., BP,
another baculovirus), there is no evidence to date that these shrimp carry nonindigenous viruses
such as those considered by the workshop. Participants noted that domestic shrimp harvested
early because of virus problems are likely to be frozen, so there is a low probability that live
domestic shrimp bait carry nonindigenous viruses.

The breakout group estimated the probability of the organism surviving in transit to be High
(Very Certain; general knowledge). Participants based this determination on the knowledge that
shrimp viruses would be carried in shrimp tissues. It is not likely that the freezing process will
significantly reduce the virulence and infectivity of the virus. Instead this may be virus specific.

The breakout group estimated the probability of viruses from bait shrimp successfully colonizing
and maintaining a population where introduced to be High (Very Uncertain; professional
judgment). Breakout group members recognized that bait shrimp are deposited in areas where
native shrimp are known to occur. Anglers fish in these spots because there is a greater
likelihood of catching shrimp-feeding fish in such areas. Therefore, participants noted that the
virus has a greater potential to be placed directly into a viable shrimp population. The greatest
potential for colonization occurs when an angler disposes of leftover bait by dumping all
remaining bait shrimp overboard and into the estuary. These shrimp will sink to the bottom and
may be eaten by the native shrimp, thereby creating a direct exposure route.

The breakout group estimated the probability of viruses from bait shrimp to spread beyond the |
colonized area to be Medium (Very Uncertain; professional judgment). The virus could be
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spread from a small focus of shrimp feeding on discarded and infected dead shrimp. As with
ballast water discharges, participants noted that the spread from this focus depends on the
infectivity threshold of the virus, the transmission rate, and the density of susceptible host
species. Each of these factors is dependent on the specific virus and may also depend on shrimp
life stage.

The breakout group estimated the overall probability of establishment by the bait shrimp route to
be Medium for imported foreign frozen bait shrimp and Low for domestic bait shrimp.

A.3.2.3 Shrimp Feed

The breakout group estimated the probability of the organism béing on, with, or in the shrimp
feed pathway as Medium (Moderately Certain; professional judgment). Shrimp feed is made
from soy protein, fish protein (including anchovies and menhadén), shrimp heads, and other
types of shrimp and crustaceans (e.g., Artemia). The breakout group agreed that some shrimp
parts have a high probability of carrying viruses.

The breakout group estimated the probability of the organism surviving in transit as Low to
High (Very Certain; extrapolation from other organisms). The probability of survival in transit
depends on whether or not the feed meal is heat treated toa temperature sufficient to kill all
viruses. Participants noted that some of the viruses (e.g., TSV) i'may survive and maintain
infectivity even when heated to temperatures greater than 100 °C. While most of the fish meal
produced in the United States is subjected to heat treatment that appears to be sufficient to kill
the viruses, it is not known for certain that this is the case. Furthermore, workshop participants
stated that other countries, such as Mexico, do not heat their meal. The breakout group
determined that transit survival probability is Low (for heat treated) to High (for no treatment).

The breakout group estimated that the probability of the organism successfully colonizing and
maintaining a population where introduced as a result of this pathway to be Medium (Very
Uncertain; professional judgment). Breakout group participants noted that virus may be
introduced into the environment either through use of the feed in aquaculture or through
chumming, which is the dumping of feed into the marine environment to attract other shrimp or
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fish for easy harvest. The group estimated the risk from chumming to be Medium (assuming
that live virus is present), because relatively large quantities of material could be dumped within
a small area.

The breakout group estimated the probability of the organism to spread beyond the colonized
area to be Medium (Very Uncertain; professional judgment). The spread of virus from the
focus of introduction depends on the infectivity threshold of the virus, the transmission rate, and
the density of susceptible host species. Each of these factors is dependent on the specific virus
and may also depend on shrimp life stage.

As a result of their discussions, the breakout group estimated the overall probability of
establishment by the shrimp feed route to be Medium to Low (depending on whether heat
treatment is successful or not).

A.3.2.4 Animal Vectors

The breakout group estimated the probability of the organism being on, with, or in the animal
vectors pathway to be High (Very Certain; published data) for gulls and freshwater and marine
invertebrates and High (Reasonably Certain; extrapolation from other organisms) for other
vertebrates. Published data indicate that TSV in shrimp consumed by gulls can be passed
through the digestive tract and discharged in fecal matter. Participants noted that gulls and other
scavengers (e.g., raccoons) are often seen feeding on dead shrimp and other organic matter
associated with aquaculture facilities that have undergone a viral outbreak. Other data
demonstrate that water boatmen (Corixids) may pick up virus from aquaculture ponds and then
move to nearby natural bodies of water. It was also noted that the viruses WSSV and YHV are
carried (as silent carriers, with no infection) by marine invertebrate species in Asia.

The breakout group estimated the probability of the organism surviving in transit to be High
(Reasonably Certain). Published data have shown that these viruses can survive transmission
by at least some of the pathways described previously. Survival may be virus specific, because
avian guts have low pH and relatively high temperatures that could inactivate some viruses.
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The breakout group estimated the probability of the organism successfully colonizing and
maintaining a population where introduced to be Medium to High (Relatively Uncertain;
professional judgment). As detritivores, shrimp are likely to feed on bird fecal matter.
Participants observed that the potential for colonization would increase in areas where vector
density is high (e.g., when a shrimp die-off occurs in an aquaculture facility, particularly if the
facility is near an area that supports wild shrimp populations). Breakout group members noted
that genetic variability of shrimp in Asia varies among regions. Areas with less genetic
variability may be more susceptible to disease.

The breakout group estimated the probability of the organism to spread beyond the colonized

area to be Medium (Very Uncertain; professional judgment). The virus could be spread from a
small focus of infected shrimp. Breakout group members acknowledged that the spread from
that focus depends on the infectivity threshold of the virus, the transmission rate, and the density_
of susceptible host species. In addition, these factors are very dependent on the specific virus and
may also depend on shrimp life stage.

The breakout group estimated the overall probability of establishment by the vector route to be
Medium, depending on the density of vectors and their proximity to wild populations of shrimp
or the genetic diversity of the shrimp.

A.3.3 PROBABILITY OF ESTABLISHMENT—SECONDARY OR INCIDENTAL
PATHWAYS

Due to time constraints, secondary or incidental pathways were not discussed during the breakout
group meeting. Instead, breakout group members rated these pathways individually, using
worksheets. No discussion was recorded, and any comments reflect those written on the
individual participant’s worksheets. A summary of risk ratings developed by the “Other
Pathways” breakout group for secondary or incidental pathways is provided in Table A-5.




A.3.3.1 Natural Spread

Estimate the probability of the organism being on, with, or in the pathway: Medium (Very
Uncertain; professional judgment). This pathway includes the spread of virus from one shrimp
population in the Gulf of Mexico to other native populations through natural means, such as
movement of infected shrimp or movement of viruses by hurricanes or currents.

Estimate the probability of organism surviving in transit: High (Very Uncertain; professional
judgment).

Estimate the probability of the organism successfully colonizing and maintaining a population
where introduced: High (Very Uncertain; professional judgment).

A.3.3.2 Research and Display Facilities

Estimate the probability of the organism being on, with, or in the pathway: High (Very Certain;
published data); Low (Moderately Certain; professional judgment); High (Very Uncertain;
professional judgment). Inoculum to the environment would usually be very small. Research
facilities tend to take greater biosecurity precautions than many commercial ones.

Estimate the probability of the organism surviving in transit: High (Very Certain; published
data); High (Moderately Certain; professional judgment); High (Very Uncertain; professional

judgment).

Estimate the probability of the organism to spread beyond the colonized area: High (Very
Uncertain; professional judgment). ‘

The overall probability of establishment through natural spread is estimated to be Medium.
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Estimate the probability of the organism successfully colonizing and maintaining a population
where introduced: Low (Very Certain; published data); Low (Moderately Certain to Very
Uncertain; professional judgment); Medium to High (Very Uncertain; professional judgment).
This estimate assumes that the research facility is working with organisms that have not been
tested to ensure they are Specific Pathogen-Free (SPF) before introduction to the lab. For labs
that are specifically involved in research on SPF organisms, the probability would be rated as
low.

Estimate probability of organism to spread beyond the colonized area: Low (Relatively
Certain; general knowledge); Medium (Very Certain to Very Uncertain; professional
judgment); Medium to High (Very Uncertain; professional judgment).

The overall probability of establishment through research and display facilities is estimated to be
Low to Medium.

A.3.2.3 Human Sewage

Estimate the probability of the organism being on, with, or in the pathway: Medium (Very
Uncertain; professional judgment).

Estimate the probability of the organism surviving in transit: Medium (Very Uncertain;
professional judgment).

Estimate the probability of the organism successfully colonizing and maintaining a population
where introduced: Medium (Very Uncertain; professional judgment).

Estimate probability of organism to spread beyond the colonized area: Medium (Very
Uncertain; professional judgment).

The overall probability of establishment through human sewage is estimated to be Medium.
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A.3.2.4 Fishing Vessels

Estimate the probability of the organism being on, with, or in the pathway: Low to Medium
(Moderately Certain; professional judgment).

Estimate the probability of the organism surviving in transit: High (Reasonably Certain;
professional judgment).

Estimate the probability of the organism successfully colonizing and maintaining a population

where introduced: Medium (Reasonably Uncertain; professional judgment).

Estﬁnate probability of organism to spread beyond the colonized area: Medium (Very -
Uncertain; professional judgment).

The overall probability of establishment through fishing vessels is estimated to be Low to
Medium.
A.3.2.5 Hobby and Ornamental Displays

Estimate the probability of the organism being on, with, or in the pathway: Low (Moderately
Certain; professional judgment).

Estimate the probability of the organism surviving in transit: High (Moderately Certain;
professional judgment).

Estimate the probability of the organism successfully colonizing and maintaining a population
where introduced: Low (Moderately Certain; professional judgment).

Estimate probability of organism to spread beyond the colonized area: Medium (Very
Uncertain; professional judgment).
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The overall probability of establishment through hobby and ornamental displays is estimated to
be Low.

A.3.2.6 Live Seafood Distribution
Estimate the probability of the organism being on, with, or in the pathway: Low (Reasonably
Uncertain; professional judgment). There is very little live seafood imported into the United

States.

Estimate the probability of the organism surviving in transit: High (Moderately Certain;
professional judgment).

Estimate the probability of the organism successfully colonizing and maintaining a population
where introduced: Low (Reasonably Uncertain; professional judgment).

Estimate probability of organism to spread beyond the colonized area: Medium (Very
Uncertain; professional judgment).

The overall probability of establishment through live seafood distribution is estimated to be Low.
A.3.2.7 Other Crustacean Aquaculture

Estimate the probability of the organism being on, with, or in the pathway: Low (Very

Uncertain; professional judgment); Medium (Moderately Certain; professional judgment);
Low (Very Uncertain; professional judgment).

Estimate the probability of the organism surviving in transit: Low (Very Uncertain;
professional judgment); Medium (Reasonably Certain; professional judgment); Low (Very
Uncertain; professional judgment).

Estimate the probability of the organism successfully colonizing and maintaining a population
where introduced: Low (Very Uncertain; professional judgment); Low (Reasonably Certain;




professional judgment); Medium (Very Uncertain; professional judgment). Crayfish are
freshwater species and crayfish farms are not as close to coastal waters as shrimp farms.

Estimate probability of organism to spread beyond the colonized area: Low (Very Uncertain;
professional judgment); Medium (Very Uncertain; professional judgment); Low (Very
Uncertain; professional judgment).

The overall probability of establishment through other crustacean aquaculture is estimated to be
Low to Medium.

A3.2.8 Incidental Introductions

Estimate the probability of the organism being on, with, or in the pathway: Low (Very
Uncertain; professional judgment).

Estimate the probability of the organism surviving in transit: Low (Very Uncertain;
professional judgment). ‘

Estimate the probability of the organism successfully colonizing and maintainjng:a population

where introduced: Low (Very Uncertain; professional judgment).

Estimate probability of organism to spread beyond the colonized area: Low (Very Uncertain;
professional judgment).

The overall probability of establishment through incidental introductions is estimated to be Low.

A.3.4 CONSEQUENCES OF ESTABLISHMENT IN “OTHER PATHWAYS”
To begin its discussions of the consequences of establishment, the breakout group was presented

with the assumption that it is difficult to start an epizootic but eventually one will occur, giveﬁ T
continued input of virus to the estuarine or marine environments.
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The group agreed that this basic premise is valid, although some members I)?eferred to say that
an epizootic “mighf” rather than “will” occur. The breakout group noted that it is very difficult
to infect animals, even in laboratory settings. In some studies, aftempts to infect P. vannamei
postlarvae with WSSV by feeding resulted in 100 percent survival (Overstreet et al., 1997).
Many factors influence the susceptibility of shrimp to experimental virus infection, including

- host species, the manner in which the virus is prepared and stored, and environmental conditions
in which the shrimp are maintained. In addition, an infected shrimp may or may not exhibit
clinical signs of infection and may or may not die from the disease. The group briefly discussed
which of the four viruses of concern would be most likely to cause a natural epidemic. The
group thought that WSSV and YHV are more likely than IHHNV or TSV to cause acute
mortality but that IHHNV and TSV are more likely to become endemic.

A breakout group member stated that genetic resistance is likely to differ among populations.
Without further knowledge of this variability among Gulf Coast shrimp, for example, it is
difficult to make accurate predictions about which area has the highest potential for an epizootic.
An individual also noted that a published paper from Thailand shows that southern populations
of shrimp are much less genetically diverse than those from the northern part of the country.
Participants noted that it has been hypothesized that these differences are due to release of shrimp
from aquaculture into the wild.

Breakout group members observed that if a virus is successfully introduced into an estuary and
wipes out the entire local shrimp population, the effects are likely to be short-term. They noted
that repopulation could occur in 3 to 5 years, or perhaps sooner (see Figure A-4). This estimate
is based purely on professional judgment and not on any hard data. Similar population impacts
and recoveries have been observed from natural stressors such as low temperatures or freshwater
flooding. Breakout group members pointed out that recovery from winter kills may occur within
1 year (Figure A-4). The group indicated that information is needed to better determine whether

-

the shrimp that recolonize an area differ genetically from the oriéinal stock.

The breakout group also discussed the shrimp-virus interaction, noting that the target organ of the
virus may influence its infectivity and be dependent on the life stage of the shrimp. For example,
juvenile shrimp have a larger gut-to-body mass ratio than older shrimp and are therefore more
susceptible to the viruses (such as TSV) that replicate in gut epithelium. Participants recognized |
that much more information is needed on the shrimp immune response to viral infection. Some
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noted that viruses are typically able to escape cellular immune mechanisms such as hemocytes or
macrophages, by moving from cell to cell rather than through the hemolymph. Participants
concluded that coupling the understanding of target-organ sensitivity with information about
resistance will improve the ability to predict which shrimp are likely to become carriers. Virus
carriers may have active infections (perhaps systemic) and continuously shed virus, or they might
be silent carriers with the virus sequestered in particular organs and expressed only during times
of stress. '

The breakout group also discussed whether a shrimp population would develop tolerance
following a major virus disease outbreak. If the population were to develop tolerance, the virus
could remain endemic in the population, and disease outbreaks could occur cyclically.

Population numbers may be stable but at a lower level than would be present in the absence of
the virus. One individual suggested that information on wild shrimp population levels before and
after the introduction of TSV into Honduras and Ecuador may provide insight into this
hypothesis.

The breakout group briefly discussed cross-species transmission (shrimp-to-shrimp or shrimp-to-
other-crustacea) and speculated that virulence may change during such a passage. Some
evidence exists that these viruses can replicate in crabs or other shrimp without causing disease
symptoms; however, it is unknown whether this would increase or decrease virulence, although
one individual pointed out that all viruses change genetically over time.

The breakout group noted that it would be very difficult to diagnose the cause of a decline in a
population of shrimp because many factors interact to cause natural population fluctuations of up
to 25 percent per year. They concluded that identification of virus in the shrimp would indicate
that the virus may have played a part in the change, but it would not establish a cause-and-effect
relationship.

The potential impact of viruses on the entire shrimp population is unknown. Some participants
suggested that natural mortality rates in shrimp approach 100 percent and that approximately 90
percent of the shrimp are harvested before they die. Virus-induced mortality, therefore, should
not be biologically significant. Virus-induced mortality, however, may have economic
significance if the shrimp are killed before reaching harvestable size. One breakout group
member pointed out that although the mortality in the postlarval shrimp that leave the estuary is
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naturally high, it must be less than 100 percent or there would be no shrimp left to reproduce.
Participants suggested that complete mortality of a single estuary’s shrimp (which may occur
following a virus outbreak) may not have a significant impact on the overall population.
Recolonization of the estuary would occur as shrimp from nearby locations drift in on currents in
subsequent years; however, as stated previously, recolonization may take from 3 to 5 years (or
less if the population responds in a similar fashion as it does to natural stressors, such as
temperature). The breakout group concluded that, in the short term, the alteration of the
estuarine ecosystem could be substantial.

The breakout group also discussed the potential for viruses to affect estuarine ecology by
infecting other species of shrimp, such as grass shrimp. Participants noted that grass shrimp
(Paleomonetes sp.) are an important part of the estuarine food web. Many species of fish (and
penaeid shrimp) rely on grass shrimp as an important prey item. Data from Thailand suggest that
grass shrimp may be carriers of one or more of these viruses, but data on infectivity rates and
effects are lacking.

The breakout group acknowledged that an important area of uncertainty is whether viruses that
are endemic in shrimp populations have the potential to change the population’s reproduction
rate. A change in the reproduction rate could occur either by directly affecting the number or
viability of gametes produced or by reducing growth and subsequent reproduction of offspring of
infected individuals. Without this information, the breakout group concluded that it will not be
possible to make any statements about population consequences beyond the educated guesses
outlined previously.

A.3.5 RESEARCH NEEDS IDENTIFIED BY THE “OTHER PATHWAYS” BREAKOUT
GROUP

The breakout group identified the following important research needs:

e Tests for virus identification are critical. Tests must have specificity for the virus and be

standardized across labs. Tests should be useable on different shrimp species, live shrimp,
dead shrimp (frozen or fresh), and pieces of shrimp tissue.
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 Tests for infectivity are needed to establish the threshold number of viruses that would be
required for colonization potential. At least two tests such as a PCR and ELISA or a PCR
and a bioassay, should be employed. Natural susceptibility of native shrimp to nonindigenous
viruses needs to be documented better, including looking for differences among genetic
strains or within populations with more or less genetic diversity.

e Virus inactivation parameters should be better identified. The amount of duration of heat
treatment for reactivation of the various viruses should be studied systematically. Also, other
environmental factors that could inactivate the virus (e.g., dryness and ultraviolet light)

should be elucidated to understand how long a virus can persist outside its host.

» A map of the known locations around the world of virus prevalence in shrimp should be
created so that potential sources can be identified. Because general surveys have not been

done widely, areas in which the virus is not identified as prevalent may or may not be
infected.
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Charge to Experts

Please prepare your written comments to address the questions posed below. The first 18
questions are organized based on elements of the ecological risk assessment process, as
described in the shrimp virus report (which is located in the Minutes of the Stakeholder Meetings
on the Report of the JSA Shrimp Virus Work Group). Questions 19 to 22 ask your opinion about
the need for a comprehensive risk assessment; this topic will be discussed during the last half-
day session at the workshop. You may also address other issues that you feel are important.
All written premeeting comments will be distributed to other experts prior to the workshop and
may be included as an appendix to the final workshop report.

Management goals. assessment endpoints, and the conceptual model

1. How well does the management goal reflect the dimensions of the shrimp virus
problem? ‘
2. Some have suggested modifying the assessment endpoints to emphasize potential risks

of shrimp viruses to non-shrimp organisms and the larger estuarine ecological system
or, alternatively, to the aquaculture industry. Please comment on the assessment
endpoints as the focal point for the ecological risk assessment.

3. it has been suggested that the scope of the proposed risk assessment is too narrow and
that it should be broadened to consider the impacts of such stressors as alternative land
uses and seafood production methods in coastal areas. Please comment on this
suggestion.

Viral stressors and factors regulating shrimp populations

This topic includes basic information about shrimp viruses as well as the full range of natural and
anthropogenic factors that regulate shrimp populations. Questions for consideration:

4, How reljevant to virus effects on wild populations is information on infectivity and effects
that is derived from laboratory or intensive aquaculture operations?

5. How likely is it that exposure of wild shrimp populations to viral diseases éould lead to
the development of immunity and reduced effects on population survival over time?

6. How can the strong influence of both natural and non-viral anthropogenic factors on
shrimp populations be separated from risks associated with viral stressors?

7. Can human health effects from shrimp viruses be ruled out as a concern? Why or why
not?
8. Are the available identification techniques for shrimp viruses reliable enough to allow

definitive conclusions to be drawn about the occurrence of viruses in shrimp and
environmental media?

Viral pathways and sources

The shrimp virus work group considered aquaculture and shrimp processing to be the primary
pathways of concern leading to exposure to pathogenic shrimp viruses, but it also identified a
number of other potential pathways. Some related questions are listed below.
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Aquaculture

9. U.S. aquaculture operations have had problems with viral diseases for several years.
How does information from local wild shrimp populations support or refute the
importance of aquacultfure operations as a source for the virus?

10. It has been widely held that it is highly unusual for domesticated animals to infect wild
animal populations; usually it is the other way around. How well does this observation
apply to the relationship between shrimp in aquaculture and wild shrimp populations,
with regard to shrimp viruses?

Shrimp processing

11. Some believe it likely that shrimp processing operations have processed virus-infected
shrimp from foreign sources for several years. How does information from local wild
shrimp populations support or refute the importance of shrimp processing as a potential
source for the virus? ‘

12. Should the retailers who distribute (rather than process) shrimp products receive
additional evaluation as potential sources of exposure?

Other potential sources and pathways

13. After considering the sources addressed in the shrimp virus report, what sources other
than aquaculture and shrimp processing are most critical for evaluation in a risk
assessment of shrimp viruses? Given time constraints, which of these should be the
focus of discussion at the workshop?

14, Is manufactured shrimp feed a potential virus source, or is the processing temperature
sufficient to rule this source out?

Stressor effects

These next questions.concern the possible consequences to wild shrimp populations and marine
communities from exposure to pathogenic shrimp viruses.

15. How should the available evidence concerning the effects of introduced viruses on wild
shrimp populations be interpreted? (For example, what was the role of IHHNV in the
decline of shrimp populations in the 1880's in the Gulf of California? What about TSV
release from aquaculture into the wild in South America?)

16. There is presently a lack of basic data on background levels of pathogenic shrimp
- viruses in wild shrimp populations in U.S. waters. How should this data gap be
evaluated in a risk assessment?

17. How can changes in wild shrimp populations be used to interpret the effect (or lack of
effect) of introduced shrimp viruses? How could shrimp population models be used in
the future?

18. How important are potential viral effects on non-shrimp species?
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Comprehensive risk assessment and research needs

18.

20.

21.

22.

How will a comprehensive risk assessment contribute to managernent of the shrimp
virus problem, i.e., will it add significantly to the information presently available?

What type of assessment should be conducted next (e.g., quantitative risk estimates
using shrimp populations models), and what would be the likely time frame and cost?

Should a future risk assessment consider the risk reduction potential of a range of
treatment options associated with specific exposure scenarios?

Summarize the critical research needs for completing such a risk assessment.
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NED ALCATHIE
12/17/97

Responses to Charge to Panel members (Shrimp Virus Workshop):

Management goals, assessment endpoints, and conceptual model

1. The management goal appears to adequately reflect the shrimp virus problem.

2. Modifying the assessment endpoints to emphasize potential risks to non-shrimp

organisms,y the estuarine ecological system or the aquaculture industry appears to be

very wide in scope. However, information on these areas of concern may be useful

during determinations of final endpoints.

3. In order to have for the risk assessment to be manageable | feel it should remain
~narrowly focused. Seafood processing in coastal areas should be considered since this

may be possibly a significant source of introduction of viruses into the wild shrimp

population.

Viral stressors and factors regulating shrimp populations

4,5, 6, 7 8 - unable to answer with any degree of certainty, best left to those with
'backgrounds in virology.

Viral pathways and sources
Aquaculture

9, 10 - unable to answer
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Shrimp processing

11. As far as | know little if any information exists which wbuld support‘or refute the
importance of shrimp processing as a potential source of the virus. It is possible that the
processing industry is contributing to the introduction of viruses since many facilities in
coastal areas discharge untreated water used in processing directly into rivers, bays and

the Gulf of Mexico.

12. 1t is doubtful that retailers would constitute more than a minimal risk.

Other potential sources and pathways

13. Unable to answer

14. The only processor of shrimp plant wastes (shells, heads, etc.) that | am familiar
with uses a drying process that begins at approximately 1000 deg F, 20-30 minutes later
the end product exits the dryer at approximately 200 deg F, with a moisture content of 8-
9%. This would seem to rule out a potential source of the virus.

Stressor effects

15, 16, 17, 18 - unable to answer

Comprehensive risk assessment and research needs

19, 20, 21, 22 - unable to answer
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Management goals, assessment endpoints, and the conceptual model

1. How well does the management goal reflect the dimensions of the shrimp
virus problem?

The shrimp virus problem is a very broad problem with many dimensions both
in and outside the shrimp industry. As long as the stated management goal of
“Prevent the establishment of new disease-causing viruses in wild populations
of shrimp” is interpreted very broadly, I agree with most of it with two _
exceptions. First, the geographic coverage should be enlarged to include the US
Pacific coast. Second, because contributing factors to the shrimp virus problem
may reside in many industries and activities seemingly unrelated to the shrimp
industry, the portion of the management goal that refers to “minimizing
possible impacts” should not be limited to “shrimp importation, processing, and
aquaculture operations”.but instead should be broadened to include minimizing
the impacts on all industries and activities that are found to contribute to the
shrimp virus problem. For example, the destruction of estuarine habits and
environmental degradation might prove to be a significant source of new
viruses.

2. Some have suggested modifying the assessment endpoints to emphasize
potential risks of shrimp viruses to non-shrimp organisms and the larger
estuarine ecological system or, altematively, to the aquacultture industry. Please
comment on the assessment endpoints as the focal point for the ecological risk

assessment. .

The two assessment endpoints suggested by the Shrimp Virus Work Group
should be the focal points for the ecological risk assessment: |

1. “Survival, growth, and reproduction of wild penaeid shrimp populations”,
and :

2. “Ecological structure and function of coastal and near-shore marine
communities as they affect wild penaeid shrimp populations”

Point 1, however, should be broadened to include the US Pacific coast.

Point 2, I would agree that there is a need to emphasize potential risks of shrimp
viruses to non-shrimp organisms and the larger estuarine ecological system.
However, a comprehensive epidemiological / genetic study should first be
performed in order to obtain baseline information on both the genetic structure
and the prevalence of the viruses in the natural penaeid shrimp populations.

A healthy estuarine ecological system will supply the virus-free wild shrimp
stocks needed to support the aquaculture industry.
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3. It has been suggested that the scope of the proposed risk assessment is too
narrow and that it should be broadened to consider the impacts of such stressors
as alternative land uses and seafood production methods in coastal areas, Please
comment on this suggestion.

I agree with this statement and recommend that it should be broadened to
include all stressors associated with “alternative land uses and seafood
production methods in coastal areas” including (1) habitat destruction, (2)
chemicals and environmental contaminants, and (3) introduction of exotic
species and release of cultured stocks.

For point (1), the impact of habitat (mangrove) destruction on the production
rate of wild shrimp is well documented (Jothy, 1984, Lahman ef al., 1987; Paw and
Chua, 1991). The presence of mangroves has been found positively correlated
with nearshore yield of shrimp (Paw and Chua, 1991). The loss of mangroves
translates into a direct loss of habitat and species diversity of an unknown
magnitude and has been suggested as the dominant cause of the decline in the
abundance of wild shrimp postlarvae in Ecuadorian estuaries (Lahman et al.,
1987; Twilley, 1989; Parks and Bonifaz, 1994).

For point (2), intensive levels of industrial shrimp farming has also brought
about an increased use of chemicals and other products which can cause marine
pollution (Primavera, 1993). Mortalities and morphological deformities in
shrimp larvae caused by the widespread use of such chemicals as oxytetracycline,
nitrofurans, chloramphenicol, malachite green and copper sulfate have been

- reported (ibid.).

Pathogenic bacteria causing lum_mous vibriosis in shrimp larvae were found to
be resistant to antibiotics and it is now a serious problem in various countries in
Southeast Asia. The direct effects of these chemotherapeutants and antibiotics
on humans constitute a public health concern.

For point (3), exotic shrimp species have been introduced to various countries for
many decades with ecosystem-wide repercussions. The problems include
hybridization, competition, introduction of new diseases, or lead to genetic
changes in the wild population (Rosenthal, 1980; Brock, 1992; Sinderman, 1992).
The release of exotic shrimp from cultured populations has been documented in
the Atlantic coast of the United States (Wenner and Knott, 1992) where native
Pacific stocks of P. vannamei and presumably escapees from a shrimp farm, were
found in offshore samples. The P. vannamei in the Atlantic coast was estimated
to be at ~7% of the total shrimp sampled. The presence of a sexually mature P.
vannamei males off South Carolina suggested the potential for interbreeding
(Wenner and Knott, 1992). Moreover, considering that some cultured stocks are
potentially inbred and genetically susceptible to viral diseases (Alcivar-Warren et
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al., 1997) there is a possibility that they could also serve as a reservoir for rapid
multiplication of the viruses and spread of diseases.

Viral stressors and factors regulating shrimp populations

4, How relevant to virus effects on wild populations is information on
infectivity and effects that is derived from laboratory or intensive aquaculture
operations?

Is the only way to measure viral threats to date. Research is needed to
demonstrate virus infectivity in samples from aquaculture and wild shrimp

populations.

5. How likely is it that exposure of wild shrimp populations to viral diseases
could lead to the development of immunity and reduced effects on populations
survival over time?

Basic research on the imumune system of shrimp needs to be pefformed before
this question can be addressed.

Research funds should be directed to study both immunology and genomics of
shrimp. Studies on the molecular bioclogy and evolution of shrimp viruses as
well as the cellular mechanisms involved in the recognition and interaction of
the virus with the host genome will help to understand species-specific disease
expression.

It is possible that because of the apparent lack in shrimp of the major immune (T
and B) cells present in fish and other vertebrate species, a mechanism of
“adaptive immunity” has evolved in shrimp species which may reduce the
effects of viruses on population survival over time. This hypothesis need to be
tested first.

6. How can the strong influence of both natural and non-viral anthropogenic
factors on shrimp populations be separated from risks associated with viral
stressors?

I doubt that the influence of both natural and non-viral anthropogenic factors on
shrimp populations can be separated from risks associated with viral stressors.

The possibility exists that the environmental pollutants (e.g. heavy metals and
pesticides) present in the estuarine ecosystem are of such magnitude that they
also weaken the shrimp immune system making the animals even more
susceptible to a viral pathogenic attack. Pollutants like the heavy metals
mercury and cadmium are also known to accumulate in marine organisms,
including shrimp, and cause rapid genetic changes (Nevo eéf al., 1986). Moreover,
the impact to the natural populations caused by the release of cultured stocks also
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need to be considered in the risk assessment. Some cultured stocks are
potentially inbred and genetically susceptible to viral diseases (Alcivar-Warren et
al., 1997) and may serve as a reservoir for rapid multiplication of the virus and

disease transmission. '

7. Can human health effects from shrimp viruses be ruled out as a concern?
Why or why not? ,

Nothing should be ruled out pertaining to virus diseases. More basic research is
needed in order to understand the biology and mutation rate of the viruses.

Viral samples should be stored to maintain a shrimp virus database for future
studies on infectivity, mutation rates and potential transmission to other species.

Government agencies should begin monitoring / inspecting shrimp imported
for human consumption. Other shrimp diseases (vibrios in particular) should
not be ignored as they represent a real threat to human health.

8. Are the available identification techniques for shrimp viruses reliable enough
to allow definitive conclusions to be drawn about the occurrence of viruses in
shrimp and environmental media?

More research is needed to develop sensitive molecular (quantitative RT-PCR)
and immunological (antibodies) techniques to screen for the viruses (particularly
TSV and YHYV) in various samples including tissues from wild populations,
manufactured feed and environmental media. This is an important issue for the
risk assessment as viral detection can be tissue-specific and various tissues may
need to be tested from each animal. For example, sensitivity of detection of
WSSV by PCR depends on the tissue selected, being more sensitive in
hepatopancreas and pleopods than in hemolymph of P. monodon DNA (Lo,
personal communication).

Viral pathways and sources

9. US aquaculture operations have had problems with viral diseases for several
years. How does information from local wild shrimp populations support or
refute the importance of aquaculture operations as a source for the virus?

Though it appears that the guidelines recommended by the US Marine Shrimp
Farming Program have not always been followed by the aquaculture industry,
there is no published data to support or refute the importance of aquaculture
operations as a source for the virus, nor do I believe that we would be able to
document it with the current detection technologies and lack of information
about the prevalence of the viruses in the wild populations.
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I recommend that the analysis of the natural population be performed first. The
first step should be to develop epidemiological and genetic baseline information.
See my comments under questions 4, 15, 20 and 22.

Also, we need to study the possibility that cultured stocks, if released into the
estuarine environment, may transfer these and other unidentified viral
pathogens and may influence the fitness of the natural shrimp populations. See
my comments under question 10 below.

10. It has been widely held that it is highly unusual for domesticated animals to
infect wild animal populations; usually it is the other way around. How well
does this observation apply to the relationship between shrimp in aquaculture
and wild shrimp populations, with regard to shrimp viruses?

This is perhaps one of the most important questions that remain to be answered.
If it proves to be the case the wild populations are immune or much less
susceptible or able to recover on their own from viral attacks, then that would
seem to argue strongly that either shrimp farming procedures or shrimp
broodstock breeding programs need to be changed.

No scientific research has been performed to date to document the impact of
domesticated populations into the natural populations. It is possible that viral
diseases may spread if cultured stocks are accidentally or intentionally released
into the wild. Even if these cultured stocks are free of the virus, their
susceptibility could make them a reservoir for the virus to raultiply even faster.

International efforts should be made to help other countries to properly discard
diseased shrimp from viral epidemics, effluent from aquaculture facilities, waste
from processing plants and untreated human sewage from local communities
surrounding the estuary ecosystemn.

Shrimp processing

11. Some believe it likely that shrimp processing operations have processed
virus-infected shrimp from foreign sources for several years. How does
information from local wild shrimp populations support or refute the
importance of shrimp processing as a potential source for the virus?

Unable to make an statement at this time. We need a baseline epidemiological /
genetic study on he natural population first.

Research funds are needed to examine the impact of releasing ¢ultured stocks
(potentially inbred and genetically susceptible to viral diseases) into the natural
population. The American industry should also take precautions when
exporting these stocks to other countries in Latin America or across continents.
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A genetic risk assessment from the other country should be required first. This
movement of shrimp needs to be more closely monitored.

If we are really serious about preventing viral and other diseases in the US wild
shrimp populations, and aprotect human health, we should begin immediately a
federal monitoring program aimed at screening for the presence of the viruses in
the shrimp food and in live and frozen shrimp brought into the US.

12. Should the retailers who distribute (rather than process) shrimp products
receive additional evaluation as potential sources of exposure?

Yes - at least with a small study that would make a reliable estimate as to
whether they are a large or small contributing factor. If large, continue study. If
small, stop. '

May need international cooperative agreements with exporting countries.
Other potential sources and pathways

13. After considering the sources addressed in the shrimp virus report, what
sources other than aquaculture and shrimp processing are most critical for
evaluation in a risk assessment of shrimp viruses? Given time constraints,
which of these should be the focus of discussion at the workshop?

Other sources most critical for evaluation in a risk assessment of shrimp viruses

are:

* habitat destruction and environmental contaminants

e impact of potentially inbred and genetically susceptible cultured stocks on the
wild populations

e international trade in brood and seed stocks

¢ manufactured feed - fish meal from South American countries, is used to
prepare shrimp feeds in Southeast Asia - is the food processed at >100°C?

« what about other species (including humans) as sources?

« for a pathway, what about other vehicles such as human sewage or the wastes
of other industries from countries surrounding US coastal waters?

14. Is manufactured shrimp feed a potential virus source, or is the processing
temperature sufficient to rule this source out?

Don’t know. Additional research is needed to demonstrate that manufactured
shrimp feed is a potential virus source and should be further investigated,
particularly considering the preliminary information about the possibility that
infectivity of TSV is maintained after boiling at 100°C (Lotz, USMSFP Progress
Report, preliminary information). This is important because a large percentage
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of the supply of fish meal and other ingredients used by the shrimp feed industry
originates from South American countries where TSV disease is endemic.

Stressor effects

15. How should the available evidence concerning the effects of introduced
viruses on wild shrimp populations be interpreted? For examples, what was the
role of IHHNV in the decline of shrimp populations in he 1980’s in the Gulf of
 California? What about TSV release from aquaculture into the wild in South
America?)

There is not nearly enough evidence yet on the effects of introduced viruses on
wild shrimp populations for valid conclusions to be drawn.

This is probably the most important area for research and the following should
be addressed: ‘
e TPublish yearly census of wild shrimp populations.

e Save virus samples year by year in order to determine if the viruses have
mutated or if shrimp really have developed immunity - need to develop
monoclonal antibodies to help differentiate virus strains.

« Regarding “the role of JHHNV in the decline of shrimp populations in he
1980’s in the Gulf of California”, how can a population come back from a
virus attack such as IFHHNV after 7 years? Are there good records of the
yearly census of the wild populations in the area? May be other non-virus,
environmental, anthropogenic factors (e.g. destruction of the mangrove
habitat, weather parameters, salinity, El Nino, etc.) influenced the population
decline.

s The statement about “TSV release from aquaculture into the wild in South
America” should be considered with caution. While some cultured shrimp
stocks are known to have low levels of genetic diversity (Garcia ef al., 1994;
Sunden and Davis, 1991) and are genetically susceptible to most viruses
(Alcivar-Warren ef al., 1997) a proper monitoring of the industry trade
activities and the epidemiology/genetic structure of the wild South American
shrimp have not been done. The potential impact of environmental
degradation on the health of wild shrimp populations on the Gulf of
Guayaquil, Ecuador is well documented (see my comments under question #3
above). It is possible that environmental stressors (water quality and toxicants
like heavy metals and PCBs) affected the immune system of the wild penaeid
populations making them susceptible to Taura Syndrome epidemics and
other viral and bacterial diseases.

¢ The possibility that cultured stocks released into the marine environment
may impact the natural population and should be included as an endpoint of
the risk assessment.
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e The impact of human activities (sewage treatment, etc.) and industrial
toxicants (oil and agricultural runoffs) in both US and Mexico communities
surrounding the Gulf of Mexico and Pacific coastal waters.

16. There is presently a lack of basic data on background levels of pathogenic
shrimp viruses in wild shrimp populations in US waters. How should this data
gap be evaluated in a risk assessment? -

This is a key gap and should be evaluated first through a comprehensive
epidemiological / genetics study that includes the participation of research teams
that include epidemiologists, virologists, immunologists, veterinarians, marine
biologists and populations geneticists. -

The lack of basic data on background levels of pathogenic shrimp viruses and the
genetic structure of the shrimp natural populations should be the first issue to be
addressed in the risk assessment.

17. How can changes in wild shrimp populations be used to interpret the effect
(or lack of effect) of introduced shrimp viruses? How could shrimp population
models be used in the future?

Until we have a baseline information on the genetic structure of the wild shrimp
populations and the presence / absence of different viruses, we will not be able to
make this interpretation. '

18. How important are potential viral effects on non-shrimp species?

Research is needed and baseline information on the presence of the viruses on
non-shrimp species should be obtained first.

19. How will a comprehensive risk assessment contribute to management of the
shrimp virus problem, i.e., will it add significanily to the information presently
available?

Yes - if it is done broadly enough. If the risk assessment is done in a narrow
fashion (i.e., concentrating only on the aquaculture shrimp industry), then it will
likely not be very useful.

20. What type of assessment should be conducted next (e.g. quantitative risk
estimates using shrimp populations models), and what would be the likely time
frame and cost? “

A more holistic approach to quantitative risk assessment is needed. At all costs,
the risk assessment should be performed immediately and focus first on the
development of baseline information on epidemiology and genetic structure of
the natural populations. The following goals should be addressed:
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1. study the genetic structure and effective population size of the wild penaeid
species in US coastal waters (P. aztecus, P. setiferus and P. duorarum) as well as
the species used by the aquaculture industry (P. vannamei and P stylirostris).

2. determine the prevalence of viral (DNA and RNA) sequences in the same
samples of wild shrimp from which the genetic data is derived.

3. maintain a genetic database of shrimp viral sequences obtained from different
geographic regions representatives of different estuarine habitats.

This will be a long-term and expensive project aimed at documentmg
population changes in time and space but it should be performed if we are really
serious about preventing diseases and protecting the wild shrimp populations. It
t will be impossible to tell if you are having success in managing disease without
the baseline information.

In the meantime, government agencies should join efforts to put a moratorium
on the importation of foreign shrimp (for all uses, food and aquaculture) until
exporting countries agree that their frozen shrimp products need to be tested
(similar to the current practices with cattle diseases).

At all costs, the industry should also be proactive regarding environmental

issues and controlling spread of diseases by stopping the movement of shrimp
species across regions. For example, P. stylirosiris has been moved from the
Pacific coast to the Atlantic coast of Venezuela. The stocks used by the industry
should also be genetically diverse and free of diseases, pond by pond.

With high fecundity species such as shrimp, immunity may be on a population
basis rather than an individual basis. If this is the case, then it might mean that
we need to fundamentally change the approaches that we use in developing
shrimp breeds for use in acquaculture. For example, it might be better to use
tagged offspring (using molecular markers) from a large group of genetically
different individuals/species in a pond rather than from a few.

21. Should a future risk assessment consider the risk reduction potentlal of a
range of treatment options associated with specific exposure scenarios?

Yes.

22. Summarize the critical research needs for completing such a risk assessment.

The most critical areas of research needed are:
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1. Perform an epidemiological / genetics study to develop baseline information
. on the wild shrimp population. Yearly census of the wild populations is
needed. .

2. Asses the risk posed to the wild shrimp populations because of accidental or
intentional release of cultured stocks. The first step is to know the structure
of the wild populations in their natural range.. "

3. Research the impact of other stressors (e.g. habitat destructon, PCBs and
heavy metals, exotic introductions, weather changes, El Nino, gene flow,
salinity, processing plants and pond wastes, infected bait shrimp, human
waste, non-shrimp hosts/carriers) which may affect the health of natural
shrimp populations.

4. Fund studies on shrimp immuno-genetics. :

5. May need to fund Mexican participation on the first three issues above. A
“fortress America” approach will not work.

Finally, consumers should be reassured that the food we are eating is properly
inspected. Federal agencies should better define and coordinate their activities
on importation, interstate movement, release of live animals and waste
management in order to prevent future threats to wild shrimp populations,
aquatic ecosystems and aquaculture; and to protect human health.
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COMMENTS : SHRTMD VIRUS WORK GROUP
Mark Berrigan

1. The draft management: goa.l reflects the ecological and
economic elements assoeiated wzth _the potential establishment of
marine shrim viruses. 'I!hc -dra!t management goal does not
include scientific: eonfxmntz.on that a specific problem exists or

its specific ecological . consequences.

2. The proposed. endpoints are. very: broad. Without prev:r.oua
understandmg of the, pot:entlal problema asgsocliated with
introducing shrimp viruses, the reader might not make a
connection between the potential risks of disease and the
proposed endpointsg.. Should the stressor of concern be
incorporated in the assessment endpoint?.

3. Initially, ths .risk -agsgssment - should focus on potential
ecological implications: onadening the scope of the risk
assessment should be & consequence of preliminary analyses,
findings and recomendations.

4. Relevance- ig_ ai: :.mportant cqnsideratlon, and should be
determined through. good séience.

v

Uncertain
Uncertain
Uncertain
Unecertain -

9. There is little: *scient::.f:.c info:mt:ion to confirm or refute
the occurrence of epizootics among wild shrimp populations
associated with- nattnraily, ‘occurring or introduced viruses.
Obvioualy, resolving. !.'.’ms. issue is problemtz.c. However, this is
a critical element. in: detemn:mg the direction of the risk
assessment. Assessing the likelihood of potential epizootics
should be an asgessment: e.ndpomt .at least in the.initial phases
of the risk assessment plan -

10. Uncertain -

11, As far ag I lmaw, there' is nO- strong llnk between processed
pheinmp or process. wa-tet and ehrunp cgisaot:ics. Howavax, since
the imports ‘of shrimp compromised by viral diseases has probably
increased, and new viral diseases have been manifested in the
last several years, it may not be appropriate to suggests that
*if a problem existed, it would have been identified by now".




Mark Berrigan

Also, it baecomes important t:o detem:me if it is common practlce
for growers to harvest. shrimp that. manifest diseased conditions
and export them to. particu.lar markets. It is understandable that
certain internationai. markets would not accept diseased shrimp

_ when quality and ap,pearamce have been compromised. Other markets .
may not make this distinction.

12. . Quality control.and quality :assurance will be problematic in
the import. processing, ‘distribution and marketing sectors.
Retailers probably make. the-assumption that the product is safe-
if nothing of public health significance is associated with the
product.

13. Although other.pathways may be plausible, focusing on
alternative sources.will detract from the. critical issues- "does
importing shrimp (dead or: alive) pose a threat to natural
populations and, aquaculture"' while these other pathways are
realistic - management will. :be problematic.

14. Supplemental feeds that incorporate processmg by-products,
such as solar-dried, ghrimp. exoskeletong, may be a potential
pathway. Certain extruded-rations may be produced at low
temperatures and- pressurcs that might not destroy pathogenic
viruses.

15. Anecdotal :.nformat:lon .should be consz.dered carefully, and -
should not be. treat:eci as fact. However, this type of information
may be useful in :.dent:.fyzng underlying problems. For example,
.reports from ‘fishermen may be helpful in identifying fishery
trends. Likewise, smenr.if:.c information should also be carefully -
scrutinized and interpreted before specific results are applied
to different scemarios.

16. ' The lack of scientific.data- aasoczat;n.ng viral diseases with
epizootics awmong natural shiimp- populat::.on is a wajor shortcoming -
in establishing what risks: actually exist: for example,
ident:1fy1ng threatened- popu}.atlons, detemim.ng exposure levels,
and characterizlng ecological consequénces remaing a problem.

17.

18.
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19. Agquaculture: A. comrehenswe risk assessment will assist
resource managers in developing best management practices Ior
marine shrimp aquaculture operat:.cms Types of aguacultural
practices, site. selection,; aid: regu.lat.ions could be developed
based on known risks. For. axample, low-risk agquacultural
activities in low-risk 1ocations could be conducted under
substantially differant. crit:aria than culturing a high-risk
species in a high-risk 1°¢a§:.on. . obviously. agquacultural .
activitcies in ‘the higherisk scomio would not be suitable in all
circumstances, while inplemem:i.ng ;specific management practices
could allaw aquacultural. adtivities. in low-risk scenarios under a
much broader set of eircumstances. .Management decisions for-
activities that" fall between the  low and high risk scenarios
should be based an best a.vazzab:te ‘information.

20. 2An assessment. of: natural shrimp in-.areas where agquacultural
activities are. concencra.te.d would be useful, but perbaps
Aifficult, For examgle, models of’ shrimp populations on the
coasts of Beuador, Hon&uras“and Danama might shed some light on
the threat to these popula.ti.ons £rom concentrated shrimp
aquaculture. I undersgtand:that nat:ural populations in these
countries are thriving, and it would be interesting to determine:
1) if tsura virus is present in the wild populations, and 2) if
affected populat:.ons manifest any level of resistance to taura
virus. Obviougly, there is scientific and anecdotal information
that may be relevant, but is not currently being used in a risk
assessment format.

21, I think that risk reduction -through a range of options is
the 1ogica.1 outcome . of & ris): aesesmnt when a risk can be

1denti£ied and characterized

22.
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1. How well does the management goal reflect the dimensions of the shrimp virus problem?

While the goal specifically addresses the prevention of new disease-causing viruses, it does not
suggest a goal of further understanding and prcventior; of recurrent virus epizootic events.
Further, it was suggested in the report to include considerations of alternative marine hosts such
as crab, crayfish ete., but no suggestion has been made to address related arthropod viruses such
as those infecting insect populations which could readily eater the food chain of shrimp.

2. The tiered method of risk assessment is applicable here as described in the review materials.
The focus should‘remain on preserving the wild populations of shrimp. The corollary to include
non-shnmp host susceptibility should remain a concern, but should be placed in the second tier
of concerns along with the aquaculture industry and estuarine ecoloeloa! impacts.

3. Consideration of any and all pathways that may impact the spread and resilience of viruses
should be acceptéd and given adequate attention. Though the ultimate decisions will be based on
what is practical, all potential areas that may initiate an epizootic event need to be identified and
considered for future assessment if necessary.

4, Results on vn'us infectivity gained from laboratory or aquaculture facilities s;re valuable, but
need to be tempered by the artificial conditions and or animal densities that are typically
maintained. The spread of virus in these populations proposes to be far more rapid than would
occur naturally in wild populations. Further, in a natural environment, 2 continual dilution of
virus due to wave action and tidal exchange would reduce the potential for a localized
concenptration of virus to oceur. An underestimation of virus concentration may also oceur in
experimental infections due to the protection offered viruses by sediments and or secondary
hosts. The relevant value of experimental infections is that it targéts specific tissues of infection
and the nature of the lesions produced, which may assists in initial diagnosis in wild populations.
5. Given the high mortalities associated with the four viruses specifically addressed in the JSA
report, it would seem highly unlikely that an intentional infection of wild populations would
result in an overall immunity conferred upon survivors. Moreover, it would seem likely that
survivors would be carriers and represent potential vectors that may introduce a virusto a
different popu]atxon leading to sustained infections across many populations as they interact.
The only evidence (though not specifically identified as such) of this technique is an
extrapolation of the events that transpi'red from 1990-1994 California with P, stylirostus.

6. The non-viral and natural factors affecting shrimp can be separated from vital stressors only
after there has been substantial.monitoring and evaluation of these nq;l-viral factors. Much

remains unknown as to the impact of effectors such as salinity, temperature etc. in regard
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immigration during postlarval stages of development. A more comprehensive model based on

additional research efforts at this basal Jevel are required prior to fullv understanding the causal
relationships between specific viruses and shrimp. Uﬁtil such atime, the bestwecando isto
state as many relationships betiveen viral and non-viral associated risks and be aware of the
potential consequences of these interactions.

7. Most human health effects can be removed, except for very isolated incidents. The treatment
of waste in a municipal waster treatment system is generally more that adequate to dispose of
any threat of shrimp viruses. Most wastewater treatment plants implement several stages to
handle such threats of reintroduction of human pathogens back into the population. Steps in
processing and disposal have been implemented in most communities to include a series of
effluent wreatiments such as ozonation and aeration prior to discharge into receiving streams.
Solids disposal has been addressed in these facilities as well in that many facilities incinerate the
solid waste materials. If any threat remains it is in locations where solid waste is landfilled and
water run off could reenter a water system co-occupied by shrimp.

8. No. Additional research is required to develop reliable diagnostic detection of viruses in
shrimp stocks and further techniques need to be developed for the testing of pond effluents or -
other waters suspected of containing shrimp viruses. The ideal system of diagnosis would be a
cell culture system hat would allow the testing of a range of sources from a single suspected
animal to the determination of virus presence in specific pond. To date the efforts to establish a
cell line for diagnostic viral detection have been hampered by limited availability of significant
quantitics of tissues from specific-pathogen-free animals. Other resources that would permit a
consistent concentrated effort have also been lacking. ‘

9 &10. As of this report, no direct causal relationship has been established between outbrakes of
virus in aquaculture facilities and the transmission of the virus to 2 wild population. Though
there has not been a direct link established it does not rule out that it has occurred in the past or
will occur in the future. As was mentioned in the JSA report, wild populations have not been
adequately monitored. As the capabilities become available to accurately monitor wild
populations, and detect viruses in aquaculture discharge, we may be able to track the movement
of potential virus infection. This goal would best be achieved in trials employing biomarkers.
11. This is an ever-increasing potential problem especially in light of the fact that Asian markets
are exporting ponds after initial traces of virus infection. The disposal of wash waters form port-

side processing facilities directly into receiving waters that support any phase of shrimp
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development should be of great concern. Additional solid waste provides a protective cover for

virus propagation and entry into the shrimp food chain. ‘

12. No. Aside from increasing demand for ultraviolet. (UV) treatment of potential infectious -
agent in other markets, no additional evaluation is warranted. Tt should be nc;ted that the
additional push for UV treatment could also diminish the negative public opinion.

13. The two potential sources or pathways most eritical after processing and aquaculture are that
of ballast water discharge and secondary or alternative hosts which can harbor the shrimp
viruses. The potential impact of the former may be diminished or eliminated if ballast
discharges were properly filtered and the filter dried and incinerated. | |

14.The temperature obtained during feed production, is adequate to eliminate it as a source of
virus. However, is a cell culture system were available, soluble extracts could be prepared and
checked for active virus. |

15. Evidence concerning the introduction of viruses into wild shrimp popul.atibns should be
interpreted with caution and reserve. No definjtive association has been made between the
incidents. “ | '

16. Though no dara is available for background levels of virus in the wild populations of shrimp,
it would be better to error on the side of caution. In a risk assessment, it would be better to
presume that a wider variety and higher numbers of viruses exist in the wild populations. The
reason that the viruses have not resuited in epizootic events is due to proper timing of
environmental and physical conditions. Furthermore, the lack of adequate monitoring of wild
populations may have precluded us from characterizing these events. |

17. Monitoring of changes in the wild shrimp populations can be used to interpret the impact of
introduced populations by characterizing the latent period of the virus in a population after
infection in their natural environment. Additionally, if there is an advantage to propagating
animals that survive an infection due to some immune advantage, this would allow the true
determination of this phenomenon. The immune resistance conferred by an initial infection of
this manner at low MOI (multiplicity of infection) could potentially be explained as the
population recovery curve were established and animals were randomly scréeﬁed for viruses.

Whart this scenario does not consider is a multiple pathogen infection.

18. Shrimp virus effects on non-shrimp species is of significant concern as a protected latent
storage potential, as well as the possibility of infecting a non-shrimp species through mutation.
The ability of 2 non-shrimp species to harbor a shrimp virus that may re-infect on & recurring

basis either scasonally or any time in which the two species interact.
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19. A comprehensive risk assessment will outline the primary, secondary and tertiary factors

affecting both wild and cultured shrimp. This format will also point out the research data lacking
and potentiaily bring to light the avenues of research that need to be developed. The assessment
will bridge gaps in communication between interested parties to the shrimp economy and will
hopefully result in the cooperative exchange of ideas and information toward a common goal.
20. Data gaps are to staggering to proceed directly to a quantitative risk assessment, Which
research redirection and monitoring of wild populations for a minimum of two complete
developmental cycles for shrimp, population models could then begin to be developed. The cost
of such an endeavor would likely cost several hundred thousand dollars, but would add
immensely to the scientific integrity of the model development. '

21. As technology is developed to reduce the risk of virus introduction from processing and
aquaculture wastewater disposal, a future risk assessment should reward these efforts by
factoring in a risk reduction element to the formula similar to the risk assessment model, figure 2
from the Report to the Aquatic Nuisance Species Task Force.

22. Tn reviewing the materials presented, four key points in research come to mind. First, there is
a great need to implement a monitoring program of wild shrimp populations for virus presence
and genetic diversity. Second, determination of specific non-shrimp harboring species needs to
be looked at. This should include not only other marine species such as the aforementioned crab
and crayfish, but also in non-marine arthropods. Third, a key element in the advancement of our
ability to understand and characterize shrimp viruses is the development of an i vitro cell
culture system. Fourth, aquaculture pond effluents could be disinfected by through treatment
with ozone and or permanganate to neutralize viruses. Solid waste could be incinerated. Both
procedures serve to reduce the potential of accidental infection of wild populations through

receiving waters.
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Charge to Panel Members- Shrimp Virus Peer Review
1. How well does the management goal reflect the dimensions of the shrimp virus problem?

The focus of the management goal should include the aquaculture industry in order to reflect
the true dimensions of the virus problem. Viral impacts to cultured shrimp throughout the
world are known to be substantial and widespread, while evidence of impacts to wild shrimp

populations is lacking.

Some have suggested modifying the assessment endpoints to erhphasize potential risks of
shrimp viruses to non-shrimp organisms and the larger estuarine ecological system or,
alternatively, to the aquaculture industry. Please comment on the assessment endpoints as

the focal point for the ecological risk assessment.

The assessment endpoints should reflect and emphasize the substantial potential risks of
shrimp viruses to the aquaculture industry and should not emphasize risks that have no basis

or have not been demonstrated.

It has been suggested that the scope of the proposed risk assessment is too narrow and that it
should be broadened to consider the impacts of such stressors as alternative land uses and

seafood production methods in coastal areas. Please comment on this suggestions.

A broader based input system would make the task of completing the proposed risk

assessment unexceptably more difficult due to the extremely large data gaps that exist.
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How relevant to virus effects on wild populations is information on infectivity and effects

that is derived from laboratory or intensive aquaculture operations?

Information on viral infectivity and effects derived from laboratory or intensive aquaculture
operations is not highly relevant to effects on wild popﬁlations. There are numerous examples
in the literature of infection forced in the laboratory by, for example, injeétion of live virus
that did not produce unusual moralities or is not exhibited in pond conditions. There is no
good scientific evidence of any abnormal wild population declines due to :viral effects
although the aquaculture industry worldwide has a well known history of yiral problems. For
example, Ecuador’s wild population of P.vannamei continueé to prosper aﬁhough moét of its
250,000 acres of shrimp ponds have been devastated by TSV and continue to discharge into
the coastal waters. Furthermore, as Laramore (1997) reported, there was éctually an increase
in wild postlarvae over the next three years after TSV first appeared in aquaculture ponds in
Honduras. The physiological stress and crowding of intensivé éﬁuaculturé conditions may
potentiate the development and spread of disease that may not happen in the wild or less
crowded conditions. The 1995 TSV outbreak that devastated Sduth Caroiina did not effect
any impoundments that were stocked at lower densities, although they regeived seedstock
from the same hafchery as those that exhibited disease, which SI;pports fhé observation that
crowding may significantly influence the expression of disease that may not be relevant in

wild populations.

5. How likely is that exposuré of wild shrimp populations to viral diseases could lead to the

development of immunity and reduced effects on population survival over time?

It’s very likely that both host and virus will adapt to coexistence. Histoﬁéally, the exposure
‘ ‘ ‘

of populations to viral epidemics does not do permanent damage because :of the development
of immunity. For example, J
we now have populations of P. stylirostris that are resistant to the IHHN virus and

P.vannamei coexist with IHHN. Laramore (1997) gives good evidence for the emergence of
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a wild population of P.vannamei having increased resistance to the lethal effects of TSV.
The tremendous fecundity of shrimp helps insure any potential negative environmental

effects on popuiations survival over time.

6. How can the strong influences of both natural and non-viral anthropogenic factors on

shrimp populations be separated from the risks associated with viral stressors?

Without additional data it’s extremely difficult at present to separate the influence of natural
and anthropogenic factors on shrimp populations from risks associated with viral stessors.
Influences of individual stessors including those of combinations of stessors must be first
quantified in controlled laboratory settings to demonstrate possible cause and effect ( those

factors that may predispose shrimp to disease.)
Can human health effects from shrimp viruses be ruled out as a concern? Why or why not?

Human health effects from shrimp viruses can be ruled out since there is no evidence or

suggestion of any effects to justify this.
Are the available identification techniques for shrimp viruses reliable enough to allow
definitive conclusions to be drawn about the occurrence of viruses in shrimp and

environmental media?

Identification techniques are only available for three of the four viruses that were focused on

by the JSA workgroup and the complex nature of this tésting may not allow for definitive

conclusions to be made about the occurrence of viruses. For example;, it is almost impossible

to rule out the occurrence of viruses in large volumes of water or soil with these techniques.

U.S. aquaculture operations have had problems with viral diseases for several years. How

does information from local wild shrimp populations support or refute the importance of
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aquaculture operations as a source for the virus?

There is ho evidence from local wild populations to suggest that domestic aquaculture may
be a source of v1rus TSV that devastated Texas and South Carolina has not been identified
in domestic wild populations. Also IHHN has not been identified in ény wild i)opulations. In
South Carolina WSSV was first diagnosed Jan. 1997 in wild caught P.setiferus, and' only

later in Oct. 1997 showed up in one companie’s ponds.

It has been widely held that it is highly unusual for domesticated animals to infect wild
animal populations; usually it is the other way around. How well does this observation apply
to the relationship between shrimp in aquaculture and wild shrimp populations, with regard

to shrimp viruses?

Despite the use of certified Specific Pathogen Free shrimp, the aquaculture industry
continues to experience viral infections in which the sources may be of an external origin.
There is no evidence to suggest that shrimp in aquaculture have infected wild populations,
but there is some suggestion of vvild populations infecting shrimp ponds. For example in
South Carolina WSSV was identified first in wild stock prior to it appearing for the first time

in an aquaculture growout‘pond ( see above #9).

Some believe it likely that shrimp processing operations have processed vifusj-infected
shrimp from foreign sources for several years. How does information from local wild shrimp
populations support or refute the importance of shrimp processing as a potential source for

the virus.

As in aquaculture, there is no evidence of infectivity or declines in the wild population due to

shrimp processing.
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12. Should retailers who distribute (rather than process) shrimp products receive additional

evaluation as potential sources of exposure?

Shrimp viruses have been positively identified in imported farm-raised shrimp. Since
retailers handle potentially contaminated imports and may distribute these, for example, as

bait, they should receive additional evaluation as potential sources of exposure.

After considering the sources addressed in the shrimp virus report, what sources other than
aquaculture and shrimp processing are most critical for evaluation in a risk assessment of
shrimp viruses? Given time constraints, which of these should be the focus of discussion at

the workshop?

An average of approximately one million pounds of farm raised-shrimp is imported into the
domestic market daily. Probably a significant portion of this product goes directly to the

retail and restaurant business without being touched by the processors.

Is manufactured shrimp feed a potential virus source, or is the processing temperature

sufficient to rule this source out?

The usual processing temperatures that most shrimp feeds are subjected to are most probably
sufficient to render any harmful virus inactive. I have consuited one viral expert who
suggests we should not be comfortable at the lower processing temperatures mentioned (
170-180 degrees F) without knowing the length of time the food is at this temperature during
processing . He suggests hours rather than minutes. '
However, if feed was a source of virus the effects probably would have shown up in the

various diagnostic labs that must be using it in their challenge studies during bioassays.

How should the available evidence concerning the effects of introduced viruses on wild

shrimp populations be interpreted? (For example, what was the role of IHHNYV in the decline
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of shrimp populations in the 1980°s in the Gulf of California? What about TSV release from

aquaculture into the wild in South America?)

The Gulf of California information originates from a Masters thesis and represents the best
piece of epidemiological information available world-wide to suggest a link ioeﬁween
introduced viruses and declines in wild shrimp populations. I have reviewed a translation of
this and find ho sound evidence that the decrease in catch observed was due fo THHN.
Further, there is no evidence that the IHHN found in wild stock originated 1n shrimp ponds -
the opposite is just‘ as likely. Decrease in catch followed a gradient with the fowest numbers
found towards the blind northern end of the Gulf. With the atypical geography of the area
there appears to be other stessors, such as pollution and low dissolved oxygen, that could
have contributed to the decline observed. The decline observed in other species as well
supports the possibility that other stessors may have influenced this decline. After the TSV |
outbreak in South America catch data indicates the population not only did not decrease but

actually increased in later years .

There is presently a lack of basic data on background levels of pathogenic shrimp viruses in
wild shrimp populations in U.S. waters. How should this data gap be evaluated in a risk

assessment?

It’s difficult to assess the risk of pathogenic shrimp viruses in wild populatiéns when there
has been little monitoring or data to determine what is already present. For éxample, a
pathogen already present in a wild population would represent a much lowef risk to that
particular wild stock than to Specific Pathogen Free shrimp stocked in aquaéulture facilities

that have no developed resistance.
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17. How can changes in wild shrimp populations be used to interpret the effect (or lack of
effect) of introduced shrimp viruses? How could shrimp population models be used in the

future?

Normal fluctuations occur in wild shrimp populations. There is already good documentation
of catch data availlable for domestic species that currently show no unusual or unekplained
declines in wild shrimp populations which is interpreted as a lack of evidence of a negative
effect of possible introduced shrimp viruses. Population models, environmental data, and
background levels of pathogenic shrimp viruses should be monitored in the future in order to

spot and explain unusual population declines.
- How important are potential viral effects on non-shrimp species?

Non-shrimp species are ecologically important however pathogenicity of viruses is usually

species specific.

How will a comprehensive risk assessment contribute to management of shrimp virus

problem, ie., will it add significantly to the information presently available?

It will not add significantly to information presently available. The best outcome of a tiered
approach will be the organization of data needed to stimulate sound scientific information on

viral epidemiology.

What type of assessment should be conducted next (e.g., quanntanve risk estimates using

shrimp populations models) and what would be the likely time from and cost?

A quantitative risk assessment with numerical estimates of the risks to shrimp populations
would provide the best basis for making risk mitigation decisions. However, the extremely

large data gaps at present will not support this. We must have a sound basis for such an
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assessment that will require a large amount of critical additional research. Good population
models must be developed and a determination must be made on what viral diseases, either

native or introduced, are present in these populations.

21. Should a future risk assessment consider the risk reduction potential of a range of

treatment options associated with specific exposure scenarios?

Yes, but treatment options associated with specific exposure scenarios would be valuable

only if based on good new research data.
22. Summarize the critical research needs for completing such a risk assessment.

Critical initial research needs must include the following:
1. Development of definitive diagnostics
The lack of necessary tools as well as inconclusive and subjective tests make it difficult to

test for possible patﬁogens.

2. Monitoring of wiid populations

‘We need to know what is out there. We must determine what diseases are native to our

populations and what the background levels are.

3. Monitoring of imports
Imports of farm-raised shrimp average approximétely one million pounds each day, and
based on volume, this potential source of viral introduction overwhelms all other‘s. We need

to know what’s being brought in, how it’s handled, and where it’s going.
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Management goals, assessment endpoints, and the conceptuél model

1. Prevent the establishment of new disease-causing viruses in wild populations of
shrimp in the Gulf of Mexico and southeastern U.S. Aflantic coastal waters, while
minimizing possible impacts on shrimp importation, processing and aquaculture
operations.

This management goal is a little too narrow for the risk assessment, as it does not
include the goal of keeping shrimp aquaculture virus-free as well. In fect the viruses
appear to have the potential to have a devastating effect on this industry, either
through dlrect mortality of a year's worth of shnmp or through restrictions on
exportation of the animals, regardless of their role in infecting wild populations.
While the last clause of the goal statement may be interpretedlto include this
additional goal, it would be helpful to have it stated more explicitly, such as (bold text
is suggested addition):

Prevent the establishment of new disease-causing viruses in wild populations of
shrimp in the Gulf of Mexico and southeastern U.S. Atlantic coastal waters and the

shrimp aquaculture industry, while minimizing possible economic impacts on
shrimp importation, processing and aquaculture operations.

. The assessinent endpoints should be modified for two reasons: 1) they are too
broad for the current exercise and 2) they do not include the aquaculture industry
(see comment #1). In regard to the first point, the assessment endpoints suggest
that the risk assessment will look at all possible causes of changes in survival,
growth and reproduction of wild penaeid shrimp, including indirect effects of
ecological structure and function. In reality, the current risk assessment is focused
only on assessmg the risk that introduced viruses pose to the wild shrimp
populations and shrimp aquaculture. Therefore, the assessment endpomts for this
risk assessment should be narrowed; later, they can be expancleci to examine all

other potential environmental stressors and their interactions.

It is perfectly acceptable to ask a narrowly focused risk question, particularly in a
case such as this. If it is determined that the nonindigenous viruses do not pose a
risk to shrimp, then there is no need to go any further. If, on the other hand, it is
determined that there is a high probability that the viruses could severely reduce the
wild shrimp populations or make aquaculture economically infe-asible, then there

may be a reason to look at all the potential stressors on shrimp and determine the
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relative risk from viruses as compared to other environmental degradation

processes.

In particular, the second assessment endpoint listed on page 18 of the report could
be deleted. An additional assessment endpoint should be added to address the
concern that introduced shrimp viruses may have a broad host range and affect
other marine organisms (e.g., clams or fish) as well. Suggested wording would be:

Maintenance of viable populations and communities of marine organisms other than
penaeid shrimp, free of virus-induced effects.

Note that what this does is to remove the endpoint of ecological structure and
function and specify the more narrow assessment goal of the maintenance of
populations of marine organisms. This allows the current risk assessment to be
focused on effects of introduced pathogens, and does not imply that the assessment

will include such things as coastal development, water diversion projects, etc.

Finally, an additional endpoint should be added to address the aquaculture issues,

for example:

Economic viability of the shrimp aquaculture and processing operations.

3. The above comments suggest that | believe that it is useful to keep the scope of the
current risk assessment narrowly focused on the question of the potential risk of
introduced virus. There may be a need to do a comprehensive risk assessment at
some point, but that does not preclude asking this particular question about the

potential effects of viral introductions.

Viral stressors and factors regulating shrimp populations

4. Information on infectivity and effects of viruses derived from laboratory or
aquaculture operations is very relevant to the potential for effects to occur in wild
populations. In fact, it is only through laboratory studies that Koch's postulates can
be fulfilled, thus proving that a particular pathogen is the causative agent of an
observed disease. Most of the known diseases have been studied in the laboratory
at some time. Lab studies are particularly useful for establishing potential host
range (i.e., susceptibility of various species to the virus) and an idea of how much

virus must be present to initiate an effect in an exposed organism.

C-45




| A, Fairbrother

Of course, laboratory studies only identify the potential for effects in wild populations,
as“theu do not account for all the exposure factors. Assumlng that all environmental
conditions are exactly the same as the laboratory, one could3 predict with a great
deal of certainty what the effects would be. Given that this is never the case,
uncertainty in extrapolating lab results to the probability that eftects will occur in the
field increases. However, laboratory studies also can provide1 information that can |
be used to extrapolate lab results to field situations, such as the range of
enwronmental conditions tolerated by a virus (e g., pH, temperature water quality),
the transm|s31b|l|ty of the agent (e. g., how close together clo hosts need to be in
order to become infected), how the agent passes from one generatlon of hosts to

another (vectors, transovarial transmission, water dlspersal etc)

| am not qualified to speak authoritatively about development of immunity to viral
lnfectlons in shrimp, as | am not familiar with shrimp lmmunology If they are similar
to shellfish (e.g., clams), then they would have the capability to develop immunity
(also known as “resistance”), provided the virus is not 100‘% lethal with a high
transmi‘ssibility rate. It is to the advantage of both the host ancl the virus to become
more commensalistic through time, i.e., for the host to develop resistance and for
the virus to become less virulent. There are numerous examples of this occurring in
vertebrates, the most well-known being the introduction of rnyxomatosis virus to
Australian rabbits. The one notable example where this has not occurred is rabies,
which is nearly always fatal to the host so natural immunity (l e., development of
antlbodles) does not occur. However, it is noteworthy that the virus has adapted to
this by initiating a behavior prior to death (e.g., salivation for virus shedding,
aggression, and biting) that nearly guarantees transmnssnon should another
susceptible host be nearby. Rabies also has a relatively low transmlsswn rate since

it requires direct contact of an infected and susceptible host.

. The risk from viral stressors should first be assessed as if the virus was the only
stressor present. Then, modifying factors would be added that could potentially
change the host-virus interaction. For eXample, changes fin hydrology of the
aquaculture system of the nursery marshes, changes in density of the shrimp due to

harvestlng or natural factors, etc. The viral risk to the shrimp under these modifying

C-46




A, Fairbrother

conditions then could be assessed. If one wishes to compare the risk from viruses
to the risk from other environmental stressors (i.e., do a comparative risk
assessment of viral risk versus risk of overharvesting or risk of reduction of nursery
areas or risk from bacteria and parasites, etc.), then each of the potential stressors
would need to be assessed both individually and in appropriate combinations as
modifying factoré of each other. This would be a very long and intricate process, but
could be done.

. There was insufficient information provided in the report to rule out potential human
health effects from all the viruses. The white Spot syndrome virus (WSSV) is a
Baculovirus, a virus group which has no known vertebrate hosts (non-occluded
baculoviruses such as WSSV cannot tolerate the acidity of the Gl tract or the
relatively high body temperature of vertebrates). Therefore, this virus could be ruled
~out as a potential human pathogen. Two of the virus groups have known human
pathogens: polio belongs to the picornavirus group along with taura syndrome virus
(TSV) and rabies is a rhabdovirus similar to yellow head virus syndrom (YHV).
Infectious hypoderma and hematopoietic necrosis virus (IHHNV) is a parvovirus, a
group that primarily. infects animals (e..g., canine parvovirus or feline
panleukopenia). These groups also include viruses pathogenic to domestic and wild
. animals, some of which have great economic concerns, should they affect livestock.
Note, in particular, that there are 5 pathogenic rhabdoviruses in fish, affecting
rainbow trout, carp and pike in Europe, salmonids in the Pacific Northwestern US
and the American eel. Therefore, there should be discussion about potential
pathogenicity in any vertebrate, particularly when discussing the possibility of birds

or other animals to act as vectors of transmission.

It should be noted, however, that many of the viruses in these three groups have
restricted host ranges, éo there is an equal possibility that humans and other
vertebrates would not be susceptible to the viruses. None of the viruses in these
groups have been known to infect both vertebrates and invertebrates (the only
viruses that do this routinely are the arboviruses, a group comprised mainly of
encephalitic viruses that infect and are transmitted by arthropod vectors), so the
probability of human infection is remote. However, until more information is provided

about host range and environmental tolerances of these viruses, it is not possible to
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make a priori predictions about transpecific susceptibility. Some simple cell culture

laboratory studies could provide a great deal of reassurance in this regard, while

simultaneously providing information about the environmental persisfence of these

viruses.

. The report states that a gene probe is evailable from ‘co‘mmercielj sources for IHHNV
and WSSV, which would suggest that reliable identification methdds are available for |
drawing definitive conclusions about the occurrence of these viruées in shrimp, other
organisms, or the environment. The other two viruses do not have such reliable
identification tools, and epidemiology must rely on bioassays or ejlectron mieroscopy.
While these more traditional methods can provide a great deal of information, they

are neither as definitive nor as quick as a gene probe.

Viral pathways and sources
Aquaculture

1. The report identifies several potential routes fer introducﬁoh of exogenous
pathogens into the populations of wild shrimp in the Gulf of Mexnco or the Atlantic
Ocean off the southeastern US coast. These were detailed in Flgure 8 of the report
and include: water discharges from aquaculture ponds; sludge dumpmg from
aquaculture ponds; escape of infected shrimp; spills or losses du}ing transport to the
shrfmp processing facilities; or through use of infected shrimpj as bait. Page 25
provides‘ further discussion of shrimp phenology that appeérs to support the
possnblllty of aquaculture to wild shrimp virus transfer However no data were
presented that would substantiate a conclusion about the actuallty of such a transfer.
What would be needed would be isolation of similar viruses from an aquaculture
facility and a geographically connected wild shrimp‘population.‘ Using gene probe
technology, it should be possible to determine if the viruses were, indeed, the same
agent. Without such information, the role of aquaculture in infection of wild shrimp

remains speculative.

It should also be noted that infection of a local population of shrimp as a result of
aquaculture practices might or might not result in pathogenic infections of the entire

population through the Gulf. More information is required about pathogenesis,
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carrier states, and transmissibility before such conclusions could be drawn. For
example, if the virus is very pathogenic, it may wipe out the local population before it
has time to come in contact with other subpopulations. If the virus persists in the
environment of the local nursery marsh, any shrimp coming in to breed in
subsequent years may be infected and die, making the marsh unsuitable to
continued shrimp production. But the population as a whole might remain

uninfected.

. The observation that domesticated animals rarely infect wild animals while the

converse frequently happens is not true. Avian cholera (Pasteurella multocida) is a
devastating disease of wild waterfowl, killing as many as hundreds of thousands
every year in North America. This disease was introduced to waterfowl from the
poultry industry in Texas in the 1940s. Duck viral enteritis, a herpesvirus, was
introduced to North American waterfowl from the domestic duck industry on Long
Island, NY in the 1960s. Brucellosis (Brucella abortus, B. canis, and B. suis) was
introduced to the American bison, various wild cervids (deer and elk), wild canines
(coyotes), and wild pigs from domestic livestock. Tuberculosis (Mycobacterium
bovis) occurs in many species of cervids and bovids where they come in contact
with domestic livestock. Mycoplasmas (e.g., Mycoplasma gallisepticum or M.
synovium) are picked up by wild turkeys that intermingle with domestic turkey flocks.
There are many, many other such examples of domestic animal to wildlife transfers

of disease agents.

Transmission of diseases from wild animals to domestic livestock or pets is less well
documented. Rabies and rinderpest (a paramyxovirus) are perhaps the best known
examples of wild animal reservoirs with direct transmission to domestic animals.
Foot-and-mouth disease (a picornavirus) and other vesicular diseases (in the
rhabdovirus group) may be endemic in wild hoofed stock in Africa, providing a
reservoir for infection of range cattle. Myxomatosis virus (an arbovirus) is endemic
in wild rabbits in California, and occasionally infects domestic herds. Other
organisms that persist well in the environment may infect both wild and domestic
animals equally, and include diseases such as anthrax, leptospirosis, and tularemia.
Other groups of organisms that cycle regularly between wild and domestic animals

are the arboviruses and rickettsial diseases that are maintained in wild vertebrate
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hosts with transmission through arthropod vectors. Occasional epidemics of disease
occur in domestic livestock or humans, including such devasitating diseases as
yellow fever and dengue fever. Other agents have a lower, more endemic pattern

such as Lyme disease or Rocky Mountain spotted fever.

In sum there is ample evrdence that domestic animais (e g. hrimp aquaculture)
may mfect ‘wild animals (e g., wild shrimp populations) should there be appropriate
co-occurrence of infected and susceptible populations or contamination of the

enviroriment.
Shnmp processing

. As WIth the shnmp aquaculture industry, the shrlmp processmg industry has the
potential to discharge virus-contaminated materials into waters lnhabited by wild
shrimp, particularly due to the practice of receiving shrimp from other countries that
harveéhtedﬂshrimp during the early states of a disease outbreak (page 26 of the
report) Sectlon 3.7.1 of the report describes what is known about infection of wild
shnmp by lHHNV TSV, WSSV and YHV. Based on this mformation there is little
evidence to either support or refute the hypothesis that the proc,essmg industry is a

source of infection.

. Whether or not retailers who distribute (rather than process) shrimp products should
receive additional evaluation as potential sources of exposure to wild shrimp
depends upon whether they discharge any shrimp products to rnarshes shorellnes
" or oceans. As they likely do not, it would not seem necessary to investlgate them
further.

Other potential sources and pathways

. The most‘critical additional sources and pathways of infection of wild shrimp and
aquaculture include: bait shrimp and ballast water discharges. Reeearch and display
aquaria would have similar issues to aquaculture and so need not be considered
separately. Non-shrimp translocated animals (e.g., shelifish, crabs, etc.) may be
important, but since we do not know anything about host range of the viruses it
would be difficult to evaluate this pathway. Indeed, ballaét water discharge includes
the potential for translocation of infected organisms as vllell as contaminated water.

Vector trahsport by nonsusceptible hosts (e.g., birds) has a low probability. Natural
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spread should be considered, again within the context of littie knowledge about

environmental persistence or host transmission rates.

6. There is no information presented in the report about the composition of
manufactured shrimp feed or the temperature to which it is subjected. However, if
the temperature is high (>100 °C), then it is likely that the viruses would be killed.

Stressor effects

7. The available evidence concerning the effects of introduced viruses on wild shrimp
populations should be interpreted with caution. The role of IHHNV in the decline of
shrimp population in the 1980’s in the Gulf of California is speculative — correlation
does not equal cause-and-effect. | believe the points made on pages 42 and 43 of
the report about why viruses (and related effects) have not been detected in the U.S.
wild stocks is right on target. Collection of TSV-infected shrimp from near-shore or
off-shore fisheries in Ecuador, El Salvador, and the southern Mexican state of
Chiapas suggests that the virus might exist in these free-living populations, but
insufficient data are presented in the report o determine if this is a conclusive'

statement.

8. The limited data on background levels of pathogenic shrimp viruses in wild
population in U.S. waters must be evaluated cautiously. Pages 42-43 of the report
suggest that we really do not know whether or not these viruses currently are
present. Until more information is made available, the risk assessment should

assume that they are not endemic as a worse-case scenario.

9. Shrimp population numbers suggests that there are forces in the environment that
can control shrimp populations. Correlational studies can suggest what some of
these factors might be. For example, comparing climate cycles, hurricane incidence
rate, ocean temperatures, harvest rates, or known viral introductions with population
numbers can suggest which one(s) may have the greatest potential for effect. In
order‘to quantitatively model the relationéhip of viruses and shrimp population
numbers, information on the age-class specific infectivity rate, transmission rate,
mortality rate, and immunity rate needs to be made available, none of which appearr

to be very well known.
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10. The impoﬁance of potential viral effects on non-shrimp speciesfis not known, as
there is no information on whether or not other species ar ssusceptible to these
viruses. If they are, then the same suite of information outlinéd in the previdus
commént would need to be understood for twh‘esef‘ spéciés as well, in order to derive a
definitive answer. However, the evolutionary pattern appears to be that a newly
introduced pathogen may be extremely virulent initially, killing a large percentage of
the host population. Eventually, either one of two outcomes occurs: the host
population; is completely destroyed (rare occurrence) or the host-v;rus association is
modulated‘ towards co-adaptation, with the host becoming less sUsceptible and the
virus becoming less pathogenic. The population may, however, become stabilized
at a lower density that previously. Both the initial populatlon depressnon and the
subsequent reduced equilibrium numbers may put an lndustry, such as the wild

shrimp or shellfish harvesters, at an economic disadvantage.

Comprehenéive risk assessment and research needs

11. A comprehensive risk assessment will not add to the available information. The risk
assessment process uses information and synthesizes it {o- generate a risk
statement, it does not develop new information. | In the process, however,
information gaps are identified and new information may be gathered prior to a
second iteration of the risk assessment. This helps to focus reseanfch into areas that
will immegiately result in a reduction in the uncertainty associated with the risk
prediction.“j Therefore, the risk assessment process can be very uéeful in identifying

data géps and prioritizing research needs.
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Followiﬁg the qualitative risk assessment, a quantitative risk assessment using
shrimp models could be done but only if additional information about viral
pathogenesis (transmission, immunity, mortality rates; see above comment) is
provided. Additional information that would be required is persistence of the virus

under various environmental conditions.

Risk reduction potential of various treatment options should eventually be
considered, once more information is available about the virus (see previous

comment).

Critical research needs for conducting a quantitative risk assessment include (at a
minimum): viral pathogenesis; viral resistance/susceptibility to environmental
conditions; endemnicity of virus in U.S. coastal populations, interspecific
susceptibility and transmissibility; identification of virus in possible vectors and
sources. The list of data gaps presented on page 49-50 is fairly complete. A
reasonable first step towards assessing risk would be a well-conducted survey of the
U.S. coastal shrimp populations to determine if these (or other) pathogenic viruses
are endemic in the wild populations. If they are, the risk from further introductions

might be considerably less than if the populations are naive.
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1. The management goal falls short by focusing only on four shrimp viruses, which are
of current concern, but méy only be the tip of the iceberg. This does not account for
other micro-organisms and small eukaryotes (such as isopods), that are parasites,
pathogens, commensals, and symbionts of imported shrimp, regardless of whether they
are imported for aquaculture or food processing. Nor does it account for populations of
indigenous organisms that can be exacerbated by the high-density conditions of
aquaculture. Focus on the four current viruses assumes that no other viruses (either
latent or undetected) and no other organisms will disrupt the wild populations of shrimp.
South Carolina apparently monitors for at least nine different organisms ... where are all

of those included in this management goal?

2. A third assessment endpoint should focus on ecological aspects NOT NECESSARILY
related to wild shrimp populations and harvest. Society has many different vaiues for

- estuarine resources and these require an estuarine infrastructure (= integrity) that
sustains those values. If any organism brought into the estuary'alters that

infrastructure, then values other than wild shrimp harvests may suffer. For example,
imported penaeid shrimp may carry organisms that are not harmful to wild penaeid
populations, but do impact grass shrimp populations. The many commercial fish
species that rely on grass shrimp during their estuarine nursery life stages would be

affected, as would the harvests of these fish; additional social values at risk.

3. ltis important to remémber that wild shrimp harvesting techniques are very
destructive to coastal habitats and several different marine organisms, and that one
important value of aquaculture is the potential to develop non-destructive, or minimal
impact, food production capabilities. ‘Regardless of how important it is to reduce the
impact of wild shrimp harvests, this issue does not help to focus on risks and

consequences of nonindigenous introductions.

4. Obviously any extrapolations must be verified. Certainly the highly contagious

conditions of high-density, high nutrient aquaculture will not reflect a natural condition.
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5. Over time, ahd assuming that there is reasonable genetic vitality and ?cross-breedin.g,
thisis a reason;“able scenario. But there are a minimum of 4 (probably rhany more to
appear in the future) organisms that may have to go t“hrough this seleéticn process and
mortalities will be high during the period of development of resistance. Crustacea are
not vertebrates, so they do not have antibodies to provide speéiﬁcity and memory in an

immune response. Protection, or resistance, usually comes from selection pressure

exerted over m‘any generations that ultimately allows host and parasite fo reach an

equilibrium that is not as destructive to the host.

6. It is usually qifﬁcult to distinguish the actions of single stressors when;the occurrence
of disease“requires a sUitable juxtaposition of host, parasite and environhental
conditions (Snieszko paradigm). ‘However, if non-indigenous viruses are associated
with disease, then their introduction should be considered a highly significant factor.

7. Zoonoses are rare. In most cases, parasites survive because of their ability to use a
unique or unused resource; consequently they develop close associations of

‘dependen‘ce on specific host popUlations.
8. No response.

9. The fact that there have not been reports of massive epizbotics (or ohly one reported)
is not sufficient to suggest that local wild populations have not been infected. In the
wild, infected shrimp may not die, may not die immediately, or may not die en masse to
be detected. It may be that responses are less acute than observed in high density and
high nutrient cqnditions of aquaculture. Or that on or more of these viruses is not
expressed unless environmental conditions are met. Therefore, only specific diagnostic
techniques for the presence of the virus should be accepted as a measure of exposure
(infection). Information developed using such techniques would also have to be based
in a defendable monitoring effort, with appropriate frequency and timing of samples.

| Also, if viru§es ‘ar‘e detected near an aquaculture facility, this is not sufficient evidence to

proclaim it the source; however, such a finding should instigate an investigation.
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10. It’s hard to think of shrimp in aquaculture as “domesticated”. Mostly they are
offspring of wild shrimp that have been penned and repeatedly spawned. Prografns like
the SPF broodstock development may begin to move shrimp toward natural and artificial
selection that leads to domestication. Nonetheless, the question is valid. Unfortunately,
- the ease and ability to monitor diseases of domestic “pénned” populations far outstrips
our ability to monitor wildlife diseases, so this influences our observations of the rate of
occurrence in or out of pens and corrals. It is possible that a wildlife disease expert may
have many examples of agricultural plants or animals creating major impacts on natural

populations.
11. See #9
12. Yes, depending on the status of the product (boiled? raw?).

13. There is some confusion here since it is not apparent that bait shrimp come from
foreign sources, so the occurrence of these “exotic” (presumably meaning non-
indigenous) viruses should not be a concern in bait shrimp. However, indigenous
viruées and other organisms should certainly be a concern (see #1). Other concerns
(ballast, research display, other translocated animals) may be valid concerns, but the
potential for large inoculations is less. The larger the inoculation, the greater opportunity
to become established.

14. No response.

15. From the summaries presented, it appears that they can only be interpreted as
potential evidence. Without better documentation, they cannot be used to demonstrate

source, direct cause, effect, lack of long-term effect, or development of resistance.

16. This lack of information is not particularly relevant if it refers to background levels of
indigenous viruses, since the primary concern here is non-indigenous viruses. If we
simply do not know whether these “exotic” viruses already exist in U. S. wild
populations, then the lack of information becomes very important. If the viruses are
,
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indigenous,“tnen the wild shrimp population may not be az?mmunoiogicaliy’ naive as
otherwise suspected and the primary concern should shifi to the potenjtiaxl\ir\n‘b‘act of
additional dosage or stresses issuing from anthropogenic activities. This question .
seems to infer that effects of introduced organisms may be aifered by existing disease
conditions; if so, this is corollary, and not primary, to protecting wild shrimp populations
from mtroduced viruses (we don’t need to know how many people have pneumonia to

protect the population from a new strain of pneumonia, or from mﬂuenza)

17. The most obvious scenario is massive mortalities of wild shrimp populations with
clear evidence of viral infection from a previously unreported (and presumably
nonindlgenous) virus. Increased / decreased presence of v1rus in wild populations can

also be used. Stock assessments are much more difficult to interpret

18. Probably shrimp viral effects are not very great on non-shrimp sp.ecies, but a major

shortcoming of the report is the lack of concern over non-penaeid shrimp species. For
example; grass shrimp (Palaemonidae) include species that are dominant (biomass) in
many southeastern estuarine systems and serve vital ecological roles in nutrient cycling
(detritovores) and as prey for important commercial and nonjcommearcial fish species
during their early developmental stages. Major losses of these organisms would
severelyimpact many important sport and commercial fisheries and undermine the
existing estuarine infrastructure. A second issue that this question raises is the
importation of organisms unrelated to shrimp — microorganisms or smaii eukaryotes
that are commensaliy or inadvertently associated with shrimp, on the gills or in the
digestive glands, that are potentially harmful to other native organisms‘.

19. It should organize the information and create the dialogue to qualii‘y the information

available.

20. A conservative tiered approach. It would be unlikely to resolve many of the issues in

a short period of time.
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21. Yes, but not limited to treatment options — include prevention options such as

location of aquaculture and processing plants away from estuaries.

22. Research needs are to determine:

- What organisms (virus, bacteria, fungi, eukaryotes, etc.) are imported with any foreign
shrimp, whether for aquaculture or processing.

- Which of these survive and are present in effluent from aquaculture or processing

- Which surviving organisms are capable of infecting, infesting or associating with wild
shrimp or other estuarine/ coastal inhabitants (particularly other shrimp species).

- What the consequences of such an association are on the organism, population and

community.

Corollary question:
How do high-density, high-nutrient conditions of aguaculture exacerbate the proliferation

and contagion of resting or latent microorganisms, indigenous and non-indigenous.
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Premeeting Comments: JSA Shrimp Virus Report

Management goals. assessment endpoints, and the conceptual model

1. The management goal should reflect the full scope of the problem. As such it is adequate if
the scope is limited to estimating the risks to wild shrimp populations. Should the scope be
widened to include non-shrimp species then the goal will need to be modified to reflect that

change

2. My perspective has always been that the conceptual model should capture the full spectrum
of probable risks and thus include a suite of assessment endpoints. This approach requires
that one must include all the drivers, stressors, and possible interactions of importance
operating on the assessment endpoints. If one accepts this strategy then if there is a probable
risk to non-shrimp organisms and the larger estuarine ecological system then the suite of
assessment endpoints should be expanded. It is important in conducting risk assessments to
assure that potentially important interactions are identified and points of connectivity
between endpoints or systems are represented. However, all risks within the conceptual
model are not likely to have equal probabilities, that is, some are more important than others.
Thus the risk assessor must rank the probable risks and provide a rationale for the decision to
examine one risk rather than another. In this case, I would suggest that the full conceptual
model be constructed and the probable risks weighted. This conveys the ideas that all risks

_ were‘ considered but these were the most important and selected for further study. Unless
there is compelling evidence to suggest that there are no non-target species/syétem risks, that
there are no plausible interactions with and connectivity to. other systems then a broadening

of the scope of the assessment should be considered
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3. This follows logically from #2 above. Broadening the scope of the conceptnél model
logically requires addressing other drivers or sources of stress totho system. A point of
clarification on terminology - a stressor must co-oceur in space and time with? the ecological
endpoint/receptor - things like landuse changes, production methods are generally not
stressors to aquatic systems rather they are drivers , sources, or agents that Iend to stress.
However, as part of expanding the conceptual model it will likely be necessafy to expand the

stressors and to identify specific interactions that may be important

Viral Stressors and factors regulating shrimp populations

4. The translation of laboratory to field is an issue that is common to most of tho research we
conduct. In general, laboratory studies permit the establishment of principlﬂes‘and pathways
of causality under controlled conditions. Laboratory studies do establish the likelihood of"
realizing a particular stressor-response relationship often for optimum conditions.
Translation to the field depends on the degree to which the laboratory conditions are realized
in the field. If the laboratory study tests a range of response for what are con51dered critical
variables then the likelihood of transference is enhanced. If the laboratory study is poorly
designed then the uncertainty associated with transferring this data to the field would be so

great as to be meaningless.
- I have no comment on this question

Assigning relative importance of risks from multiple stressors is a genenc problem in most
risk assessments. Typically one looks for biological/ecological responses or markers that are
specific and dlagnostlc for a particular stressor. If this relationship can be establlshed the
response must then be scaled to effects at the population level. In the case of shrlmp, there
are natural climatic factors influencing shrimp stocks, there is ﬁshmg pressures, as well as
disease to name a couple. If there is a biological probe that can determme the proportion of
a shrimp population that are infected it could be treated as mortahty and thon prOJected toa

~ loss in population size.




7.

9.

10.

11.
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This is certainly an important question and one for which I suspect there is insufficient
evidence upon which to make a judgement with low uncertainty. This problem of animal
diseases moving to humans seems to be becoming more and more of a concern with several
incidence being documented lately. I suggest that the human health issue is never one that

can be dismissed nor should it be without substantial evidence:

I have no knowledge regarding this question. It is important to have as many reliable
diagnostic tools as possible for screening infection. Having such a tool would be invaluable
for monitoring wild and cultured shrimp stocks as well as various steps in the process stream

and field exposure pathways. I would suggest that this is an important data gap and research-

need.

Viral pathways and sources

Aquaculture

I have no experience with this topic. However, having a molecular probe or marker for the

various virus types certainly would help to address this question.

Again this is not my field but a couple of questions come to mind, What is the evidence
supporting the statement that it is unusual for domesticated stocks to infect wild animal
populations and vice versa. Cultured shrimp are not really domesticated in the true sense of
the term are they? More importantly if animal virus are now moving to human hosts with
increasing regularity why should one not suspect that viruses from cultured populations can

infect wild stocks all factors being equal?

Shrimp processing

y

This is an area with which I have no specific experience. However, I suspect monitoring
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and expenments have been conducted that will address this question. Agam it seems to be a
question of having the appropriate monitoring methods for reliably detec‘ung the viruses in
the wild from those processed from cultured populations and being able to discriminate the

origin of viruses from different sources (assuming they have unique markers).

. I think this question falls more within the human health risk arena. From a health
perspeét;ive‘ shouldn’t this be included within the rubric of “seafood safety” sifilar to
concerns over bacterial contamination, biotoxins, and organic and metal coﬁtaminants. I
think that the human health issue is particuiarly important for the refailing industry.

Other potential sources and pathways

13. No comment

14. The answer fo this question depends on the process used and the viability of the virus under

those conditions. If elevated temperatures (e.g., pasteurization of some type) could be used
in the process without damaging the product then that would be a simple and inexpensive

control mechanism that could be used in most countries.

1
‘ 1
15. Though not familiar with the data from this field one general approach is commission a
critical review of the data by a group of independent scientists. |
|
. The absgncebf natural background levels of shrimp virus pose at least two broblem for the
risk assessor. F irst, is the size of the natural source of the virus and thus its potential for
o
causing effects. Without knowing background levels it'is difficult to interpret what could be
considered “normal” and whether management actions are having an affect.: By knowing the
controlling factors and the range of natural variability the risk assessor can then assess the
efficacy or risk reduction efforts. Further, knowing the natural vanablllty prov1des insight

into potentlal impacts to the population. The incidence can be used asa var1ab1e ina

population model to pro_;ect the range of expected populations as a ﬁmctlon infection
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frequency. Thus when some anecdotal evidence is reported for the population or catch one

can examine it within a context of the natural variability and degree of infection.
17. See #16 above

18. I do not know the answer to this question but suggest that it should be considered important
until evidence proves otherwise. As discussed above under conceptual models, this is an
important element that should be included in the conceptual model and as part of a

comprehensive risk assessment.

Comprehensive risk assessment and research needs

19. A comprehensive risk assessment will put some real numbers on what now seems to be
expért judgement. There is nothing wrong with the latter and in fact it is often as far as the
risk assessor can go given available information. However, it doesn’t treat uncertainty which
is important for decision-making. At first glance, it may not add significantly to current
information but it will put all the information within a systematic framework where it can be
analyzed and evaluated. Further it will quickly identify critical data needs both in terms of
quality and quantity. If nothing else it will tell you what you know and don’t know and how

confident yoil are with what you know and don’t know.

20. I’d like to suggest that a full simulation model rather than just a shrimp population model. I
say this because I don’t know any other way to capture the full suite of variables and their
interactions including multiple drivers, stressors, and modifying variables. Further the
assessment endpoints should not be limited to only the shrimp population but should include
other types of endpoints that could not be ascertained from just a shrimp model. However,
in lieu of having a simulation model, the shrimp model can be used to test a variety of

hypotheses or potential scenarios as long as one recognizes it limitations.

~ 21. Absolutely. I'm a strong proponent of scenario-consequence analysis because it allows the
risk assessor to play “what if games” without having to have every piece of information and

know every uncertainty. In addition if scenario analyses are coupled with sensitivity
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analysis valuable information is revealed that helps identify the most impoi'tant variables
contributing to the risks. This information can then be used to allocate research on obtaining

those pieces of information that are most important and which contribute the most to

reducing uncertainty.

22. I’d like to suggest that this is one of the outputs from the workshop.

- C-66




Rebecca Golburg

C-67




~* R. Goldburg

Comments for the Shrimp Virus Peer Review Workshop, January 7-8, 1§97

Rebecca Goldburg
Environmental Defense Fund
- 257 Park Avenue South

New York, NY 10010

I have structured the following comments as answers to questions in the “Charge to
Panel Members” for the Shrimp Virus Peer Review Meeting, although I do not answer
every question. In some cases I have drafted comments to answer two or more related
questions. | |

My comments were prepared with input from Pam Baker, who works for the
Environmental Defense Fund (EDF) in Texas, and from Dr. Cristina Tirado. My
comments also draw on EDF’s August 29, 1997, comments to the National Marine
Fisheries Service concerning the JSA shrimp virus report. The August comments were
prepared by Pam Baker, Dr. Doug Rader of EDF’s North Carolina office, and me.

Questions:

1. How well does the management goal reflect the dimensions of the shrimp virus
pr.oblem"

2. Some have suggested modifying the assessment endpoints to emphasize potentlal risks
of shrimp viruses to non-shrimp organisms and the larger estuarine ecological system or,
alternatively, to the aquaculture industry. Please comment on the assessment endpoints
as the focal point for the ecological risk assessment.

18. How important are potential viral effects on non-shrimp species?
Answer/comment:

The maﬁagement goal of the JSA report (p. 14) is generally appropriafe._
Nevertheless, I suggest the following additions (underlined), so that the management goal
reads:

Prevent the establishment of new disease-causing viruses in wild populations of shrimp

and other susceptible organisms in the Gulf of Mexico and southeastern US Atlantic

waters while minimizing possible economic impacts on shrimp importation, processing,
and aquaculture operations.

Adda staternent following the goal stating that “Wheg feasible, source reductlon
i al .
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The reasons for these three underlined changes are diséussed below.

First, the goal should be broadened to include wild populations of susceptible
organisms other than shrimp. The JSA report makes clear that some shrimp viruses may
infect a range of invertebrates other than shrimp. Introduction of new shrimp viruses
could therefore potentially lead to decreases in populations of a variety of organisms and
even undermine marine food webs. The management goal should reflect these ecological
concerns, as well as largely economic concerns about shrimp populations. Consideration
of organisms other than shrimp may also be important to economic objectives. The health
of marine food webs affects the health of fisheries and thus effects of new shrimp viruses
on organisms other than shrimp could cause economic harm.

A challenge, of course, is to keep the risk assessment manageable: It isnota
simple matter to fully assess the risks to marine ecosystems of new shrimp viruses.
Nevertheless, in the short-term, the qualitative risk assessment could consider the limited
information available about the host ranges of various shrimp viruses, and lay out the
potential range of consequences establishment of new shrimp viruses could have for
marine ecosystems. Over the longer term, research to better delineate the host ranges of
new shrimp viruses should be a priority. Such additional information will almost
certainly be necessary to judge the likely effects of shrimp viruses on marine ecosystems.

Second, the potential economic impacts should be minimized from any actions to
prevent the establishment of shrimp viruses. Given the potentially devastating impacts
of new shrimp viruses, the federal government should not shy away from working with or
requiring the shrimp importation, processing, and aquaculture industries to make any
changes necessary to protect wild populations of shrimp and other organisms. The
management goal should be to keep the costs of any necessary changes as low as
possible.

" Third, source reduction should be acknowledged as the preferred means of
addressing threats from new shrimp viruses. Over the past several decades, the strategic
\foundanon for pollution control has evolved so that there is now a recognized spectrum of
'approaches to.managing pollutants. The most preferred of these approaches is to prevent
or reduce the production of pollutants in the first place. In decreasing order of preference,
other approaches are to recycle and reuse wastes, waste treatment, and disposal of wastes
in the environment. This ranking was written into law by the US Congress in 1990 under
the Federal Pollution Prevention Act.! Although this spectrum of approaches most often
is applied to manufacturing industries, it is applicable to terrestrial agriculture (Hoppin et
al. 1997), and should be applicable to shrimp aquaculture.

Many shrimp aquaculture operations, particularly outside the United States, have
poor environmental and other practices that lead to disease outbreaks on farms (for

Y42 U.S.C. Sec. 13101-13109
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example, Clay 1996; Gujja and Finger-Stich 1996; Hopkins et al. 1995). These disease
outbreaks are the root cause of current threats to the US shrimp fishery and US coastal
ecosystems from new shnmp viruses.

Source reduction -- preventing imported and domestic farmed shrimp from
becoming infected by new viruses -- should be the most preferred approach to preventing
the establishment of new shrimp viruses in wild population of shrimp and other
organisms in the United States. In a pollution prevention framework such an approach is
clearly preferable to say, trying to stop introductions of new shrimp viruses by requiring
on complete disinfection of effluents from coastal shrimp processing pla.nts in the
southeastern United States. Admittedly, there are hurdles to fully 1mplement1ng a source
reduction approach, and waste treatment approaches are likely to also be necessary. All
the same, the management goal should make clear that risk management approaches to
address threats from new shrimp viruses should be developed within a source reduction
framework.

Questlon:

. It has been suggested that the scope of the proposed risk assessment is too narrow and
that is should be broadened to consider the impacts of such stressors as alternative land
uses and seafood production methods in coastal areas. Please comment on this
suggestion. :

Answer/comment:

The scope of the proposed risk assessment should not be broadened to consider
alternative land uses and seafood production methods (beyond alternative shrimp farming
practices). Itis p0551ble to draw linkages from just about every env1ronmental problem to
a range of other problems and circumstances in our society. However, progress on any
one environmental problem usually depends on sufficiently narrowing the scope of the
issues considered in order to make the problem tractable. Broadening the scope of the
risk assessment for new shrimp viruses to include land use and general seafood
production issues would do just the opposite -- making the risk assessment process
lengthy and possibly intractable. Particularly given the urgency of the potential threat
from shrimp viruses, it would not be prudent to broaden the scope of the risk assessment
to consider these issues.

Question:

4. How relevant to virus effects on wild populations is information on infectivity and
effects that is derived from laboratory or intensive aquaculture operations?

Answer/comment:
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Laboratory results can provide valuable information about viruses. Lab results
concerning mode of transmission, virus viability, and the capability of survivors to
become carriers are highly relevant to the risks that viruses pose to wild populations.
Results from the aggressive challenges with a particular virus are valuable indicators of
the relative susceptibility or resistance of wild individuals or populations to a the
virus.

Nevertheless, a rule of thumb across many fields of biology is that pathogens
more readily infect organisms under experimental conditions (in a laboratory,
greenhouse, etc.) than they do in nature. Laboratory data concerning the effects of
viruses provides an useful evidence about the potential effects of viruses on wild
populations, but does not always predict how diseases affect wild populations.

There are several reasons why the infectivity and mortality observed in
experimental infections of shrimp are likely to be more severe than what would probably
be in the wild. For example, researchers often try to maximize the odds of infection by
injecting shrimp with purified viral suspension or by feeding shrimp a diet with large
amounts of infected material. In addition, lab animals are generally not subject to
predation by other species. In contrast, wild animals weak from illness tend to suffer
high rates of predation, reducing the chance that diseased individuals will transmit their
infections.

Intensive shrimp aquaculture operations also have characteristics that tend to
promote the spread of disease. High stocking densities and environmental and handling
stresses in intensive systems increase the susceptibility of shrimp to disease and the
chance that they will become infected. For example, shrimp in intensive systems are ften
continuously exposed to virus-laden water. Infected animals tend to suffer high
cannibalism rates, spreading disease. Some viruses may be vertically transmitted in
spawning tanks. In contrast, the odds of horizontal transmission of viruses is lower in the
wild, because populations are relatively sparse and cannibalism rates are relatively low.

Question: : -

5. How likely is it that exposure of wild shrimp populations to viral diseases could lead
to the development of immunity and reduced effects on population survival over time?

Answer/comment:

It is difficult to speculate whether the exposure of wild shrimp populations to viral
diseases would lead to the development of immunity and reduced effects on population
survival. Information about immune mechanisms in shrimp is very limited and mostly
. concerns the response to commercial “immunostimulants” (cell-wall components from
fungi or bacteria) and Vibrio vaccines, which do not necessarily provide complete or
long-term protection against diseases. The relative protection provided by these vaccines
may result from a general stimulation of cellular defense mechanisms rather than the
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development of immunity. Crustacea do not display long tertn epeciﬁc irnmunological
memory beeause they do not express specific antibodies (immunoglob11linS).

Nevertheless some scientific literature suggests that shrimp surv1vors of at least
- some viral infections are more resistant to challenges with that viral agent than shrimp
that were not previously exposed to the virus. For example, Erickson et. al (1997)

" reported that P. setiferus and P.vannamei TSV survivors were relatively unaffected by a
challenge with TSV ( 90% and 45% of individuals of each species, respectively,
survived), while P.varnnemei that were not previously infected were very sensitive to the
challenge (only 7.5% of individuals survived). '

In the wild, natural selection may have a greater effect than immunological
mechanisms on reducing mortality rates from viruses. - When virus is present individuals
. with genetlcally-based resistance to a virus will tend to have more offspring that survive
and reproduce than relatively susceptible individuals. Resistant genotypes may thus
come to dominate a population. Of course, viruses also evolve, and they may mutate to
becoem able to harm what were once relatively resistant genotypes. Of note, both YHV
and TSV are RNA viruses, which are regarded as havmg rapld rates of evolut1on

Question:

6. How can the strong influence of both natural and non-viral anthropogenic factors on
shrimp populations be separated from risks associated with viral stressors?

Answer/comment:

Ecologists measure the effects of various factors on population density by
performing controlled experiments. The effects of biological factors (for example,
predators) are measured by excluding these organisms from some experimental plots.
Experiments typically employ a factorial design if more than one factor is being studied.

Experiments to measure the effects of various factors, such as viruses, on shrimp
populations would likely be impossible to perform with wild shrimp populations.
However, small-scale ]ab experiments looking at, say, the effects of temperature and viral
infection on fecund1ty may provide some clues to the relatlve 1mportance ‘of various
factors.

Question:

7. Can human health effects from shrimp viruses be ruled out as a concern? Why or why
not?

Answer/comment:
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It is hard to imagine that viruses that infect as distantly a related organism as
shrimp could harm the health of humans. However, some shrimp viruses come from
groups of viruses that include strains which infect humans (Timmoney et al., 1992), so it
may be incorrect to entirely rule out any possibility of human health effects under any
circumstances.

THHN (Parvovirus): There is no evidence that humans can be infected by Parvovirus
strains that naturally infect other animals (e.g. Feline Panleukopenia, Canine
Parvovirosis, Bovine and Porcine Parvovirosis, Aleutian Disease in Mink are not
transmissible to humans) (Timmoney et al., 1992).

TSV (Picornavirus). There is no evidence that Picornavirus strains affecting other
animals can be zoonotic (transmitted from animals to humans). However, there are two
reports of humans becoming accidentally infected when manipulating vaccines
(Timmoney et al., 1992).

YHYV: (probably a Rhabdovirus, (Lightner 1996b)). Two diseases caused by Rhabdovirus
are zoonotic, Rabies and Vesicular Stomatitis. Vesicular Stomatitis virus also infects
arthropods and plants. Transmission to humans by ingestion of affected animals has not
been demonstrated (Timmoney et al.1992).

WSBV: To the best of my knowledge, baculoviruses do not infect vertebrates.
Questions:

9. U.S. aquaculture operations have had problems with viral diseases for several years.
How does information from local wild shrimp. populations support or refute the
importance of aquaculture operations as a source for the virus?

11. Some believe it likely that shrimp processing operations have processed virus-
infected shrimp from foreign sources for several years. How does information from local
wild shrimp populations support or refute the importance of shrimp processing as a
potential source for the virus?

Answer/comment:
The scanty information currently available concerning viral infections of wild

shrimp populations is completely inadequate to.indicate the source of infection. Both
aquaculture facilties and processing plants could be sources.

Evidence from the shrimp fishery demonstrates that farmed shrimp escape
aquaculture facilities, potentially spreading disease. For example, in fall 1997 shrimp
fishers harvested nonnative P. vannamei — almost certainly of farmed origin --in
Matagorda Bay, Texas. However, this evidence in no way negates the possibility that
shrimp processing plants could also be a source of shrimp viruses.
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On a related topic, disease outbreaks on US shrimp farms suggest that disease
eradication on shrimp farms should be a vital element of efforts to prevent the
" establishment of shrimp viruses in wild populations of shrimp and other susceptible
organisms. Although the JSA reports states that there are no reliable procedures for pond
disinfection (p. 25), there are well-regarded procedures for cleaning up an aquaculture
facility that has suffered a disease outbreak (Bell and Lightner 1992).

Question:

10. It has been widely held that it is highly unusual for domesticated animals to infect
wild animal populations; usually it is the other way around. How well does this
observation apply to the relationship between shnmp in aquaculture and w11d
populatxons with regard to shrimp viruses?

Answer/ comment:

Just because it appears unusual for domesticated animals to infect wild animals
with disease does not mean that such disease transfers cannot have severe consequences
and that the potential for disease transfers should not be of considerable concern.
Consider the following relevant evidence:

eAquaculture can be a source of new pathogens, parasites, and other organisms
harmful to wild populations. The Japanese oyster drill (Ocenebra japonica) and a
‘predatory flatworm (Pseudosylochus ostreophagus) were introduced with the Pacific
oyster and have contributed to the decline of west coast oyster stocks (Clugston 1990).

e At least some experts consider the spread of exotic pathogens to w11d fish to be
the greatest threat to wild fish from salmon netpen farming (Kent 1994). Escaped farmed
salmon may have been the source of the disease furunculosis in Norway, which has killed
large numbers of wild fish (Heggberget et al. 1993). However, the evidence that farmed
salmon have spread new diseases to wild salmon is not “airtight” (B.C. Environmental
Assessment Office, 1997).

oThe devastating spread of Asian chestnut blight to American Chestnut trees
clearly demonstrates that introduced diseases can nearly eradicate a species (albeit a
terrstrial plant species), radically change an ecosystem, and cause economic harm.
American Chestnuts once dominated Appalachian forests (Keever 1953). Chestnuts
were nearly eradicated following the inadvertant introduction early in this century of
Asian chestnut blight on nursery stock of Asian chestnuts. Because of the introduction of
this ascomycete-pathogen, Appalachian forests are now dominated by an oak-hickory
complex instead of chestnuts (Keever 1953), and some researchers believe that ecosystem

- function (i.e. rates of nutrient cycling) may have changed in these forests (Shugart and

West 1977). Moreover, the logging industry once supported by chestnuts — tall, straight
hardwoods -- was ended by Chestnut blight.
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Question:

12. Should the retailers who distribute (rather than process) shrimp products receive
additional evaluation as potential sources of exposure?

. Retailers and consumers should receive additional evaluation. Retailers and
consumers may wash shrimp, using water that flows to municipal sewage and individual
septic systems that may not deactivate viruses. Similarly, feces from consumers than
have eaten uncooked shrimp (e.g., in ceviche) could contain active viruses that are not
deactivated by sewage treatment.

Question:

13. After considering the sources addressed in the shrimp virus report, what sources
other than aquaculture and shrimp processing are most critical for evaluation in a risk
assessment of shrimp viruses? Given time constraints, which of these should be the focus
of discussion at the workshop?

Answer/comment:

Given time constraints, bait shrimp are the most critical source for evaluation after
aquaculture and shrimp processing. Shrimp are a popular form of bait in the southeastern
Atlantic and Gulf of Mexico. Bait shrimp are often imported and are “released” directly
into coastal waters.

Question:

14. Is manufactured shrimp feed a potential virus sources, or is the processing
temperature sufficient to rule this source out? :

Answer/comment:

The high temperatures at which shrimp and other animal feeds are typically
processed are likely to greatly reduce, if not eliminate, the risk of transmission of shrimp
viruses in feed. However, to the best of my knowledge there are not data to substantiate
this assertion for all the shrimp viruses considered in the JSA report.

To make shrimp meal for feeds, shrimp byproducts are cooked in an oven at 90-
95 C and then dried (Autin 1997). Feed manufacturing companies then process shrimp
meal under different temperature-time regimes, depending on the final product being
made. According to one US feed manufacturer, 99.9% of shrimp feeds manufactured in
the United States are processed at temperatures of 76.6-137.7 C, with most feeds
subjected to 87.7-110 C (T. Ziegler, Minutes of the stakeholder meetings) — although he
l does not mention the length of time that high temperatures are maintained.
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Flegel ( 1995) reports that YHV was mactlvated by exposure to 60 C for 15
minutes, concluding that YHV is not transmitted by shnmp feeds. IHHNYV is inactivated
at 80 C (Al-Mazrooei 1995, cited in Lotz 1997). There appear to be no data concerning
time-temperature inactivation of TSV and WSSV. However, potentially relevant to
WSSV, another shrimp baculovirus , Baculovirus pennaei, is inactivated in 10 minutes at
temperatures of 60-90 C (LeBlanc and Overstreet 1991, cited in Lotz 1997).

In short, US shrimp feeds are unlikely to transmit YHV or IHHNV. Data about
temperature-time regimes to inactivate TSV and WSSV are clearly needed. Compared to
many of the other data needed to assess the risks of shrimp viruses, collectlon of data
concerning inactivation of TSV and WSSV should be relatively quick and
straightforward — and should be a high priority.

Question:
17. How can changes in wild shrimp populations be used to interpret the effect (or lack

of effect) of introduced shrimp viruses? How could shrimp population models be used in
the future?

Answer/question:

Shrimp populations fluctuate considerably from year to year — a 25% change is
not uncommon in the Gulf of Mexico. Shrimp population models based on physical
factors such as temperature and on recruitment strength and used to forecast shrimp
harvests have historically been fairly accurate in predicting population fluctuations (J.
Nance, pers. comm to P. Baker).

. A large disparity between the harvest predicted by a forecasting model and an
actual shrimp harvest — as there was this past season in the western Gulf of Mexico —
could indicate shrimp mortality from a virus. However, viral disease would be only one
of a number of possible explanations for an unexpected reduction in shrimp harvests.

Low levels of mortality from shrimp viruses would likely not be detected by
comparing the results of predicted and actual shrimp harvests.
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PRE-MEETING COMMENTS

Managemsent goals, assesmentmdpmnts,andthcomceptualmodel

1. ’I'hemanagmlemgoal1sadequateforvshat1sgoangtobethelmtxalphaseofamgmng
mvestlgauon.

© 2. 'mesmtedassssmmtendpmmsareslﬁmen Shnmpvxmsspremmablywﬂlaffecb
thetamammaltoagr&tere)danthanﬂleymﬂaﬁ‘eardawdorgmsms Fr:mtheewdence
wdate,daenmmxgwhahaornmiHmpwmhavemwologcaﬂymgnﬁmteﬁeamwﬂd

- shrimp poplﬂauuns will be challenge encugh for the workgroup.
3. Thisis overly ambitious for the imitial phase.

Viral stressors and factors regulating shrimp populations '

4, Interms of the management goal, the:alsbothrelevantandmdevamlaboratmy
infmmauon on the infectivity of viral agents to our native shrimp species. Much of the public’s
cmcanomgmatesﬁumrqmtsthatmﬂvespemsareaﬂ‘eaedbyvmouswnms The vast
majontyofﬂmaereportscmnesﬁcmsmdmsﬂ:atmusemfecuonbyduectsymgemjemmoftha
viral agmts and, therefore, the public’s teaction is based mnm-apph@blg mfarn;;uon_ Asrisk
assessment is based on probabilities, it seems reasonable to base ded-sionmaldngbnthemost
pmbabievedorsofpaosorwaterbomeexposure,notﬂleleastpr‘oba‘ble‘vector&mmﬁss‘ion
through hypodermic use. (Even per os studies mymmnﬁcmefa“kbﬁaif&éfedmms
beavily loadedwxﬁl viral particles and/or if itifected material is the sole food sauroe for the test
amimals, bmth&setyp&s of studies currently alfow the best assessment of actual nsk )

5. Inoculaumsseemtnmrkforamderangeofammals,ztcmﬂdbeasstmedﬂ:atthey
would be effective for shrimp. The wild popzﬂauon of Pengeus vannamei m Camal America
appara:ﬂyhasbeenmoqﬂatedwnhTaura Syndrmexs(TSV)andﬂzeonlylasmgeEeetm
thcpopulanonlevelse&nstobeanmmwsedremstancetoﬂmedisease Am&lmstudled
situation in South Carolina suggests the same conclusion asthewldpoplﬂatmn d&m
setiferus contains a *White Spot Virus" that has been in the population for a mxmlger of years with
10 noticeable affect on population mumbers (see question 10). (This virus will be labelled WSV in
this papetto distinguish xtframthe As:an ‘White Spot Syndrome Vi:rus (WSSV)) This WSV only
@@medxtselfuhentbeshnmpmeanﬁnedmdstx&sed ’Ihsvm.lshasnowbeenfomdm
| sinnnpfromGeoxgza and(aneodotally)fromTexasandWastmgtmstate
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6. With the exception of catastrophic viral outbreaks (die-offs) in a wild population, it
may be impossible to separate natural or man-made effects on population levels from subtle effects
of diseases. For example, in South Carolina, it bas been documented that winter temperatures are
a major factor in determining the magritude of the following fall harvest of white shrinp which can
vary by a factor of 2; a disease outbreak with a mortality rate of 20 or 30 percent may not be '
detectable. :

' 7. 'With no evidence to the cantrary, it can be assumed that there is no effect an humans

"by the viruses of concern in this report. With the millions of pounds of virus-laden shrimp that is

imported and consumed yearly with no reports of health related problems, even among individuals
with depressed immmme systems, this seems reasonable certain. This conclusion should be
bolstered by the amount of shrimp eaten raw as sashin.

8. This should be considered a two part question, asking both if the current identification

. techniques adequately reliable, and are there enough identification centers available. The first part
is better left to the disease experts, but the second question is easily answered shrimp
aquaculturists. There are not enough facilities and experts to allow for all phases of disease
screening that is desirable for the culture industry in the United States. Witk so few centers
available and the volume of "routine” analyses (from both within and without the U.S.) they are
asked to perform, it is inevitable that backlogs develop. Rapid 1dennﬁmtmn AND confirmation of
diseases is all<important, yet 1s currently not possible as even with priosity given to samples from

‘outbreaks, definitive results can take weeks. Culture facilities face a two-edged sword as it is
desirable to hold animals until their disease-free status is assured, yet the longer they are held at
high densities, the more stressed they become and the more susceptible they are to infections, both
from outside vectors and from forcing the expression of latent diseases.

Viral pathways and sources

Aquaculture

9& 10. Aquaculture operations can be a source of viral introduction but existing evidence
~ indicates that the introduction is oonﬁnediotheaﬂm'efadlity. With the exception of the Gulf of
Califomia study discussed elsewhere, are there any instances where outbreaks originated on.a
facility and significant mortality subsequently occurred outside the facility?
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In South Caralina, three viruses have been 1delmﬁed over a mumber of years In the late
1980's and early 1990's, IHHNV was a problem on several farms. It was known that this virus
was 1mported with P. vannamei post-larvae (pl's) but was considered a risk assoaated with the

cultmeafﬂn:sspeuw Dmmgtheseywstherewasnorsmmmmwawdlschaxgeandthere
weremnmmanalrelwss of infected animals from the farms. Over the last 10 years 1o native
shnmphambemmagmsedwmhﬂﬁmv

In 1996, anmnberoffannsexpenmcedamassweTSsztbreak Agm,therewaswater
exchange pnor to recognition of the disease and there was sagmﬁamt ‘mrdpredatmn on dead and
dymgammals M&hkdyaenaltmspoﬁofussuemdfmtomemomdngmmmmaﬁ
Despite intensive monitoring of the wild population subsequent to this om'bteak, no nonmble
effects were observed; indeed, the following year was a "bumper crop” of native shrimp.
: - WSV was discoversd in South Carolina during the winter of 1996-97. ijo separate and
discreet collections of adult 2. setiferus (to be overwintered as broodstock) weretaken to a state
agency and 2 private farm, respectively. Despite the two collected populations belng captured,
u'ansported, and held separately, both groups exhibited low-grade, butsxgnﬁmt, mortmlm&sﬂ:at
ms&aguosedassomeformofaWhmeSpoths 'Ih&eearqmstanc&smdmtedﬂnevxrusms
present in the wild and a subsequent survey of areas anngtheSomhAﬂannccoast oonﬁnnedthe
prwencgof@;evuusmshnmpanddhercmstam. ’I‘hehzstoncalp:gsmceof‘thwedlswsewas
canfirmed in archival samples from previous years. In 1997, at least one farm experienced an
oubr&kofths WSV in ponds stocked with Penaeus stylirostris (thzthadprevxouslywsted
negatweforWSV) ﬂhs&aungﬂ:attbemovementofthed:msewasfmmﬂ:ewﬂd‘mﬂmfam

&znmp processing

11 & 12. Itisa certamty t_..tprowcsmgplanrs haveprocessedwms mfectedproduct for
years, andretailezs have sold virus-infected product for years. Without question, dlsdmrges from
plants that processed infected shrimp have reached the emmmnent, and retaxlers. have sold
mfectedshnmpthzt ended up as bait. Whe(herthsprooessmgor sellmgconstmma significant
threat to wild populations is unknown.

Other porentwl sources and pathways
13, TheWSVm South Carolina apparently was not mtro&medby aquanu]mreasntwas
never identified in amy of the farmed species. Ifaquaculnue is iled out as anmx:roduung vector,
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tﬁmtﬁsﬁmswasmnoducedbymmhaveaororwasanaﬁuanyomm&séasemﬂmmﬁw
population. This would seem to argue for the tiered approach with the first assessment being to
determine the naturally occurring discases in the areas and species of interest. -

| 14. Discount manufactured foed as a potential vector. Shrimp farms should be
discouraged from using, or supplementing with, natural feeds such as baitfish, trawler by-catch,
etc.

Stressor effects :

15. In the best possible light, there is no evidence of detrimental effects of introduced
wviruses on wild shrimp populations. In addition to a possible viral cause, there seem to be
indications that non-viral causative agents may be responsible for the temporary decline in the wild
populations of shrimp in the Gulf of California in the 1980's, including the poor water quality often
attributed to the upper reaches of the Guif. (Mexican officials have said that a combination of
weather conditions and overfishing may be determining factors in the population decline.) Shrimp
population numbers are characterized by cydical fluctuations over time in the absence of viruses,
‘aﬁditis questionable as to whether potential viral impacts on these nnmbers can be separated from
all of the other impacts. In the worst light, THFINV caused a reduced harvest of shrimp in the Gulf
of Califormia for several years before the population rebounded. . o

The TSV situation in South America underscores the importance of addressing the
concerns presented in question 16. TSV was identified and largely confirmed as the causative
agent in massive pand mortalities in cultured shrimp. Subsequently, TSV was identified in wild
shrimp from surrounding areas. Without background data, is it not possible, even likely, that TSV
was endemic to the wild population and vrmoticed until it entered the culture environment and
amplified? This would be similar to what is suspected with the WSV that appears to have been
endemic m South Carolina for some time.

16. Itis critical that background infarmation be available for any type of risk assessment.
In some cases it is possible to track a viral outbreak to a particular source, such as a farm
-experiencing 2 disease event and the problem being traced back, through infected pl's, to a
hatchery. In other @s&sitisnotknomwhaed:edis&se origmated and without background
information, the possibility of a culture pand being infected from the wild camnet be discounted.

' 17. Given the current lack of scientific information concerning all aspects of viruses in the
wild, and the natural fluctuations in populations over time, it- appears unlikely that trends in

/
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population mumbers, or population models, can be of significant use in interpreting effects of

- viruses on wild populations. (See questions 15 & 16)

18 Pethaps if a conclusion is md:edﬂ\at viruges dopose sngmﬁm nskstonzuve
shrimp populaums, then further investigatians of risks to other organisms are wa:ramed, but not at
this time. (See question 2) |

Comprehensive risk assessment and research needs
19. One significant cantribution of the risk assessment approach shoizldjbe to present 2
concise and factual report of what is, and is not, known about the shrimp virus smlanm It
appears that interest groups only present information favorable to their pomt of v:ew and the media
only reportsxtmsthztmavappmr sensational; which oﬁmlmv&sﬂ)egmeralpubhcnnsled.
Szmxlsrly, this review and workshop should allow all paruapants to be more fully
informed of the current state of viral aﬁ‘a:rs,acpettsmmeﬁddrarelygettheoppommtyto see

the "big picture” in "real time”.
20 Some immediate needs: Badcgtomdass&smmtofmmtsmeofﬂ:ewﬂd )
popzhaﬁmm&mpeatomemdmceofuml OCCUrTence; ocmpﬂauonanddlssemmauonof

available pertinent literature an viruses and their effects. Unsure of timeframe and cost.
21. & 22. Should be considered after workshop.




- Fritz Jaenike
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WRITTEN COMMENTS FOR “CHARGE TO PANEL MEMBERS”

' Fritz Jaenike

|
1. The management goal reflects the dimensions of the shrlmp virus problem but
needs to be quahﬁed a great deal when utilizing it as the corner stone of the whole

process Some of the quahﬁers which should be considered include: "

A What is a “new” virus versus an “established” one? How do We know
that background levels of virus are not naturally occuﬁing or already
present? i. e. /in South Carolina WSV (or WSV like) is wides;;read and
detectable in 2 number of marine and estuarine species. Is this considered

a “new” virus?

B. When considering “disease-causing” viruses can you accurately lump all
viruses into the same category or not? The disease causing abilities of
IHHNV is certainly much different than WSV with regards to Gulf of
Mexico and S. Atlantic shrimp species, which have been tested in the
laboratories. Should imported shrimp with WSV be considered differently
than imported shrimp with IHHINV? In aquaculture we would consider
them quite differently when evaluating risks. |

2. The first assessment endpoint in the JSA report * Survival ‘, growth iand
reproduction of wild penaeid shrimp populations in the Gulf of Mexico and
southeastern U. S. Atlantic coastal waters.” is already so broad that i 1t will be hard
to measure. To expand the endpomt further to the entire marine ecosystem seems
completely burdensome. The second endpoint of “Ecologxcal structure and
function of coastal and near-shore marine communities as they affect wild
penaeid shrimp populations.” is a multiyear underfakixig that will pfolé»ably lead

the assessment to remain unresolved for years. If the risk assessment
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is tiered and the policy makers decide “better safe than sorry” until we know the
answers to all the questibns, then we may end up with unrealistic
recommendations and fail to determine a clear, realistic course of action.

The determination of more specific answers related to virus policies may not be

accomplished with goals that are so broad. Of course I would like to have an

additional assessment endpoint. Protection of Shrimp mariculture industry from

imported shrimp viruses.

A broader assessment considering alternate seafood production methods or other
land usages as stressors to the health of the natural shrimp populations would be a
huge undertaking. Deciding which of these stressors would be likely to
antagonize or be synergistic to backround viral levels in wild shrimp would be
even more difficult. By broadening the assessment we may lose focus of the
intended outcome of the questions at hand. The main concern seems to be
focused on shrimp viruses as it relates to risks to native shrimp populations. What
should be the policy of the government on the imports of viral containing shrimp

or with regards to outbreaks on aquaculture farms?

We need to evaluate the trials conducted in Texas on TSV and native shrimp as an
example. Lab trials demonstrated problems with bL P. setiferus, while field trials
failed to show similar effects. Lab trials are too intensive to be widely utilizéd to
predict wild population effects. It does, however seem relevant to assume that if
you can’t kill shrimp in the lab it should be considered very low risk for a

problem to occur in wild populations.

Very likely. The use of wild P. vannamei in ponds in Central and S. America
over several years has generally demonstrated a decreased susceptibility to TSV

with time. Gulf of California P. stylirostris utilized in aquaculture are
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demonstraung less susceptibility to IH[-INV than in prevxous years Some strains
of P. mhro is have even been selected in aquaculture and are now resistant to

It’s tough to say since past mformat:ton on natural swings in shnmp populatlons
are not associated with analyses which substantiate presence or absence of
vu'uses If you take historical information on shnmp populat1on vanatlons the
determination of which environmental or human activity was the major or most
likely cause has seemed very subjective. A quantitative basis for determining

variation is lacking.

From the bulk of historical mformatlon I would thmk the r1sk factor of shrimp

viruses harmmg humans could be reduced to next to zero 1f not zero

Some are some are not. Dr Don Lightner could answer tlus questlbn best The

need for holdmg in shrimp in stressful conditions followed by bloassays on
“known susceptible species is probably the most reliable indicator vs. some

diagnostic tool by itself. This would particularly be the case with environmental

media. ‘
. L

Information on the wild populations is so sketchy and incomplete i’c’s hard to base
any conclusmns Texas and South Carolina facilities operated Wlth THHNV
present in pond raised shrimp for several years. Ihave not yet heard of a positive
THHNV occurrence in the w11d populanons South Carolina may now be the
leading mformatlon source on virus in wild populatlons utlhzmg the newest
diagnostic tools. It appeared that WSV was present in the wild populatlon prior to

its detection in any aquaculture facility. More examples on how the wild
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11.

12.

13.

14.

15.

16.

Fritz Jaenike

populations are a source of virus to aquaculture exist in other countries where

wild seed are used in ponds.

This observation is very prevalent for shrimp viruses in South America, Mexico
and Asia as evidenced by information from Roland Laramore on TSV in wild P.

vannamei which is published in the JSA report.

There is not a great deal of information on the viral status of local wild shrimp
utilizing the most recent diagnostic tools to base any opinions on. I am not aware
of any survey on the viral status of wild shrimp from areas adjacent to major
processing areas located in Alabama, Mississippi or Louisiana. The most data
points on viral status of local shrimp that I am aware of is in South Carolina and I

have been told there is not a great deal of processing going on there.

Yes, retailers, restaurants and food service.
Importers besides processors, bait and ship ballast water. Importers.
Not a source according to Tim O’Keefe with Rangen Feeds.

With caution. The role of IHHNV in the decline of shrimp populations in the
1980°s needs to be considered along with the other stressors to the populations.
How can we be sure that the viruses were introduced versus being at some
baseline concentration within the wild population then expressing themselves in

aquaculture and or environmental stress situations?

There should be a database established on background levels of viruses in wild -

shrimp populations utilizing the most sensitive diagnostic tools. Concentration
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and hclding of shrimp populations may need to be done to obrailn low level or
baseline levels of some viruses. Samples from processmg areas which have not
been surveyed should be prioritized in addltlon to aquaculture areas and control
areas where neither exist. Use what information is available but rely on sensitive
diagnostic techniques or those utilizing amplifications. This data gap should not

be assumed for a risk assessment.

With or without analyses its tough to pin a decline on a virus. Shrimp population
models are tough to use due to the number of factors such as weather which can

cause normal variations.
There is need to evaluate what the case was in the Gulf of California with regards

to non-shrimp species during the shrimp decline of the late 80’s. The non-shrimp
invertebrate populations in Asia where WSV and YHV are k:nown occur and to
be carried by other invertebrates besides shnmp should be evaluated

Informatlon from a risk assessment can contribute much to management
decxslons South Carolina as a case point Whlch is presently occumng should be
consrdered A lot of data should be evaluated in terms of effects on wild
populatlons to help in determining management dec1s1ons Ifwe can identify the
most hkely problem causing viruses and the areas in which they are handled we

can manage accordmgly

Gather more information in South Carolina. I don’t know how much it w111 cost

but a concerted effort should produce some results relatlvely qulckly




21

22.

Fritz Jaenike

Yes, we should prioritize the most likely inputs of virus to the U. S. (imported
shrimp), and decide how best to implement practical , cost effective precautionary

measures.

First, specific exposure scenarios should be identified and ranked according to
most exposure to least. Then pole the stakeholders in those respective areas of

measures which could be practically implemented to reduce the risk of exposure.
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Management goals, assessment endpoints, and the conceptual model

" 1. How well does the management goal reflect the dimensions of the shrimp virus problem?

On page 14 of Append1x D, Report of the “JSA Shnmp V1rus Work Group” the management goal is

 given as:

" 4 N o
- “Prevent the establishment of new disease-causing viruses in wild populations of shrimp in the
Gulf ofMeJaco and southeastern U.S. Atlantic coastal waters, while mznzmzzzng possible zmpacts

on shrimp importanon processing, and aquaculture operations.”

_ Inlate 1995 and early 1996, when the shrimp virus issue was emerging, this goal may have been
appropriate; The viruses, TSV, [HHNV, WSSV, and YHV (= Taura Syndromew\?firus, Infectious

Hypodermal and Hematopoietic Necrosfs Virus, White Spot Syndrome Virus, ano Yellow Head
Virus, respectively), were “new” at that time in the sense that none of the three had been previously
detected in farm raised or wild shrimp in Texas or elsewhere in North America. 'i'he management
goal was based on the premise that none of these agents had become established 1r1 U.S. coastal or
surface waters. There is increasing evidence that at least one of these agents, WéSV has become
established in wild stocks of the white shrimp, Penaeus setiferus in the Gulf of Mex1co and in the
western Atlantic off South Carolina. Hence, this management goal, as wrltten, may no longer be
appropriate, at least for this virus, in U.S. coastal waters.
2. Some have suggested modifying the assessment endpoints to emphasize potential risks of
shrimp viruses to non-shrimp organisms and the larger estuarine ecological sjystem or
alternatively, to the aquaculture industry. Please comment on the aSsessmané endpoints as the

focal point for the ecological risk assessment.

. ]

Two * endpomts are given in section 3, page 18 of the JSA report The ﬁrst centers around
assessment of the threat of the shrimp viruses to ‘survival, growth and reproducnon of wild
penaeid shrzmp populatzons in the Gulf of Mexico and southeastern U S Atlcmnc coastal waters”,

and the second on assessing the effect of the viruses on the ecologwal structure and function of
S
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coastal and near-shore marine commaunities as they affect wild penaeid shrimp populations.”

At first glance these seem to be reasonable “endpoints™ of the risk assessment. The first is far more
straight forward than the second. Some aspects of the first endpoint can be tested in controlled
laboratory studies. Nonetheless, as pointed out by the JSA document and by various other persons
in the “Proceedings of the Stakeholder Meetings”, there are numerous important data gaps for all
four shrimp viruses that will need to be filled before the JSA (or othe; group) can make an informed
assessment on these “endpoints.” Although the studies required to fill these data gaps are desirable,
the time and resources required to run even a portion of the required studies is substantial if not
impossible. For example, how can a study be run to determine the effect of an introduced pathogen
on an ecosystem without actually introducing the pathogen? Hence, I have to recommend that the
“endpoints” be kept narrowly focused (as the JSA report has generally attempted to do) so that

meaningful data can be generated and used in the risk assessment process.

3. It has been suggested that the scope of the proposed risk assessment is too narrow and that it
should be broadened to consider the impacts of such stressors as alternative land uses and

seafood production methods in coastal areas. Please comment on this suggestion.

It is not at all clear to me what is being suggested here. Is it being suggested that all anthropogenic

changes (i.e. alternative land uses) to coastal areas be considered in the shrimp virus risk assessment?

Hence, without having the suggestion (or question) clarified, I cannot comment.

Viral stressors and factors regulating shrimp populations

4. How relevant to virus effects on wild shrimp populations is information on infectivity and

effects that is derived from laboratory or intensive aquaculture operations?

Data of the sort referred to here, which is obtained from laboratory studies or from intensive
aquaculture operations, provides an indication of the potential effects of a given “stressor’” or
“factor” on wild shrimp populations. Correctly run laboratory studies test only one variable. The

environmental conditions in aquaculture farms is highly controlled, and thus the number of variables,




\
while more than in a lab settings, is far less than in a “wild setting”. Hence ;whﬂe such data provides
only an indication of what might be, it is the best and most reliable data avanable.

5. How likely is it that exposure of wild shrimp populations to viral diseoses could lead to the

development of immunity and reduced effects on population survival over time?
|

The availahle data on this question suggests that it is very likely that wild shﬁmp populations will
develop “resistance” (the term “immunity” may be an inappropriate term in iai'thropoc‘lé)“to o
introduced v1ral pathogens. Penaeid shrimp have an extremely hlgh fecundlty This hlgh fecundlty, “
paxred w1th natural selection for resistance to a given pathogen (1n the contxnuous presence of the -
pathogen) translates into a hxgh potential for the relatxvely rapid development of specxﬁc pathogen e
resistance w1th each successive generation. Only survivors that are resistant to a particular pathogen
live to breed. This phenomenon has occurred in the wild P. stylzrostrzs stocks in the Gulif of
California in response to the introduction and establishment of IHHNV It has been used in the
dcvelopment of specific pathogen resistant (SPR) breeding lines (for IHHNV and TSV) by several
groups in the shrimp farming industry. Perhaps, the apparently steadily i unprovmg resistance of wild
postlarvae used in Latin American shrimp farms to TSV has likewise resulted from natural selection

of some wild stocks of P. vannamei where the virus has become enzootic.

6. How can the strong influence of both natural and non-viral anthropogenic factors on shrimp

populations be separated from risks associated with viral stressors?

To ohtain the sort of information required here, single (or multiple factors) have to first be identified
and defined. Then controlled laboratory studies, in wh1ch the effects of varymg the values of single
(or multlple) factors, can be designed and run to gain some m51ght as to the1r potential effect in
natural settings. When coupled with controlled virus challenge studles, the offect of some factors

‘ D ‘
such as changing salinity, temperatures, or other natural or non-viral factors, can be estimated.
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7. Can human health effects from shrimp viruses be ruled out as a concern? Why or why not?

Nothing in living systems is absolute. However, shrimp viruses can only affect human health
indirectly through loss of income: shrimp that die from virus infections cannot be harvested (from
farms or the wild) and sold. Despite the opportunity for infection presented over the past 30 to 50
years by the millions of tons of shrimp that have been harvested from all over the world from wild
fisheries and farms, have been processed, packed, and cooked by human hands, and finally consumed
by humans, no case of a shrimp virus infecting a human (or any other mammal) has ever been

reported.

8. Are the available identification techniques for shrimp viruses reliable enough to allow
definite conclusions to be drawn about the occurrence of viruses in shrimp and environmental

media?

This question can best be addressed with the following table. The table lists most of the methods
available for the detection of infections by the viruses TSV, IHHNV, WSSV and YHV. Good
methods for detection of infection are readily available for all but YHV. Application of these

methods to “environmental media™ may be more problematic, and is largely untested.
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Table 4. Summary of diagnostic and detection methods for the major viruses of concern to the

" {{ shrimp culture industries of the Americas (inodified from Lightner 1996a).

| Methoar THHNV TSV WSSV

| Direct bright field light microscopy (LM) +
|| Phase Contrast LM

|} Dark-field LM

Histopathology (of acute infections)

* l§ Enhancement/Histology

! Bloassay/Histology

I Transmission electron microscopy (EM)
M Scanning EM

I Fluorescent antibody with PABs or MAbs
» || ELISA with PABs

1 ELISA with MABs

| DNA Probes
PCR ++r&d

Definitions:

- ” = no known or published application of technique.

+ = application of technique known or pul‘:»lished.‘

++ = application of technique considered by author to provide sufficient diagnostic accuracy or pathogen
‘ detection sensitivity for some applications. - ‘

H+ = technique provides a high degree of sensitivity in pathogen ‘detection.‘

K  =diagnostic kit or product available from DiagXotics, Inc. (Wilton, C'f, U.S.A).

Methods: BF = b;'ight field LM of tissue impression smears, wet-mountg, stained whole @omts;

LM = light microscopy; | |

EM = electron microscopy of sections or of purified or semi-purified virus;

ELISA = enzyme-linked immunosorbent assay;

PAbs = polyclonal antibodies;

MAbs = monoclonal antibodies;

r&d = techniques in research and development phase.




Viral pathways and sources
Aquaculture

9. U.S. aquaculture operations have had problems with viral diseases for several years. How
does information from local wild shrimp populations support or refute the importance of

aquaculture operations as a source for the virus?

While shrimp farms in the United States have had a history of disease episodes caused bﬁ/ THHNV,
TSV, WSSV, and possibly YHV, only strains of WSSV have been detected in populations of wild
shrimp. Because only specific pathogen-free (SPF; shown to be free of IHHNV, TSV, WSSV, YHV,
and other major shrimp pathogens by routine testing over multiple generations in captivity ) P.
vannamei or indigenous P. setiferus had been cultured at the affected farm in 1995 (and in 1993 and
1994), the probability is extremely low that the P. vannamei stocks were the source of TSV, WSSV,
and YHV that appeared in Texas in 1995. Contamination of the affected farm (TSV in May, and
WSSV and YHV in October, 1995) came from some other source. Likewise, monitoring of the
stocks used at the farms in Texas and South Carolina in 1996 and 1997, clearly demonstrated that
TSV gntered some farms that year through a breech in the SPF program. However, WSSV and the
YHYV agent were not detected in the P. vannamei stocks used in 1995-1997, unless wild P. setiferus
was also present. These data implicate shrimp farming only in the re-occurrence of TSV the U.S.
in 1996, but not in initial appearance of TSV in Texas in 1995, nor of the appearance of WSSV and
YHV in 1995 and 1997. Wild P. setiferus have been clearly shown to be the source of

contamination in these latter cases.

10. It has been widely held that it is highly unusual for domesticated animals to infect wild
animal populations; usually it is the other way around. How well does this observation apply to
the relationship between shrimp in aquaculture and wild shrimp populations, with regard to

shrimp viruses?

First of all, the basic premise of this question is wrong! It is not difficult to find examples in the

literature (in mammals, birds, fish, mollusks, and crayfish) where serious pathogens (viral, bacterial,
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protozoan, and fungal) have been transferred from domestlcated (or captlve non-mdlgenous) stocks
to wild stocks. Reducing the risk of accidental introduction of non-mdlgenous pathogens to wild
stocks with introduced domesticated or captive-wild stocks are among the expressed purposes of the
ICES Guidelines and of the USMSFC SPF program.

Shrimp processing

11. Some believe it likely that shrimp processing operations have processej virus-infected
shrimp ﬁ'om foreign sources for several years. How does information fron't local wild shrimp
populations support or refute the importance of shrimp processing as a potentzal source for the
virus?

The answer depends on the virus. While apparently not enzootlc i the U.S. II-IHNV and TSV are
enzootic in cultured and wild shrimp stocks in most shnmp farmmg areas of N‘orth America.

WSSV and YHV are not. Other than in Asia and the Indo-Pacific, WSSV a‘ndi YHV have only been
found in wild or cultured shrimp in the U.S. If we look at whar i”;s‘c‘l‘ifferent hehween the US and
other major penaeid shrimp farming or fishing countries in the Americas, it is aipparent that one
difference is that the U.S. 1mports and processes vast quantities of Asian shnmp, while the other
countnes who have not yet had cases of WSSV or YHV, do not nnport and/or p process shnmp from
areas where WSSV and YHV are prevalent..
12. Should the retailers who distribute (rather than process) shrimp products receive additional

evaluation as potential sources of exposure?

Yes. Sport fishermen commonly purchase penaeid shrimp from retail outlets (grocery stores, as Well
as from spemahzed bait dealers) and introduce these potentlally contarmnated shnmp where they
fish. Imported shrimp are commonly used as bait in marme estuarme and ﬁeshwater sport fisheries
in the U. s “ | |
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Other potential sources and pathways

13. After considering the sources addressed in the shrimp virus report, what sources other than
aquaculture and shrimp processing are most critical for evaluation in a risk assessment of
shrimp viruses? Given time constraints, which of these should be the focus of discussion at the

workshop?

Bait shrimp should be considered. Ship ballast water, visitors, birds, feeds and feed ingredients, and
other vehicles of transport are far less likely to provide an effective means of virus transport than are
the live or frozen hosts of these pathogens. Therefore, all live and frozen shrimp products should be

the focus of discussion at the workshop.

14. Is manufactured shrimp feed a potential virus source, or is the processing temperature

sufficient to rule this source out?

As I answered to one of the questions earlie: in this discussion, nothing is absolute. However, the
relative risk posed by shrimp feed (that contains shrimp 6r crab meals) is extremely low. Were this
not the case and shrimp feeds were the source of these viruses in the U.S., other countries using far
more shrimp feed from the same sources, should have been even more severely impacted by the

pathogens in question than has the U.S. industry.
Stressor effects

15. How should the available evidence concerning the effects of introduced viruses on wild

shrimp populations be interpreted?

Volumes could be written on this question. The effect of an introduced virus on a wild population is
affected by several factors. Among the most important of these are: 1) the relative naivety
(susceptibility) of the host population to the virus; 2) the virus’ mode(s) of transmission; 3)
_efficiency of transmission by horizontal or vertical routes; 4) life stages when acute disease typically
occurs; 5) environmental factors that could influence disease expression at the susceptible life history

stages; and 6) other factors. With this in mind, the available evidence should be considered
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individually for each virus in each host system. For example, the prognosis for an THHNV infection
in naive P. stylf}osn'is in the Gulf of California in 1988-1992 is not the same aslthe prognosis for
TSV infection in wild Ecuadorian P. vannamei. We know from controlled laboratory studies that

the latter resulted in more survivors than the did former.

16. There is presently a lack of basic data on background levels of pathogent'e viruses m wild
shrimp populations in U.S. waters. How should this gap be evalu.ated ina risk assessment?
There have been a number of pathogen and parasite surveys carried out on shn'me from U.S. waters.
Some of these date back to the 1960's; some have been thorough multi-year studies in which samples
of shrimp in various life stages were taken and examined for viral or otlter patjhotgens. Likewise, the
academic and commercial aquaculture industries in the U.S. have collected culttired and studied wild
shrimp on and oﬁ' since the late 1960's. From all of these studxes BP is the onl;l/ viral pathogen
documented in wﬂd shrimp i in U.S. waters prior to 1995. Wlnle not exp11c1t1y tested for, signs of
infection by WSSV YHV, IHHNV, and TSV were not noted in these studies. Had pathogens like
WSSV been present before 1995, it would have made its presence known, especially in captive live

animals in laboratories or bait camps. The “gap” in the data is not as large as the question implies.

17. How can changes in wild shrimp populations be used to interpret the effect(or lack of effect)
of introduced shrimp viruses? How could shrimp population models be‘use(‘jl in the future?

o
Population models are only as good as the data fed into them In order to have any vahdlty, studies
done on shnmp viruses in wild populations w1ll require that the populatmns of i mterest are
appropn;;tely sampled and tested for the pathogens of concern. The resllltmg ‘mcu:ldence and
prevalence data can then be used to make predictions and draw conclusions from population models.

18. How important are potential viral effects on non-shrimp species?

- This questlon may only apply to WSSV. For IHHNV, TSV and probably YHV penaeids (or very
- closely related shnmps) seem to be susceptlble to infection and prone to dxsease 1f infected. In
.- marked contrast, WSSV can infect, and kill in some cases, a wide variety of c;ustaceans. Among the
" hosts killed by‘ WSSV are some species of freshwater crayﬁsh. ' The vtdde host ‘rzjmge of WSSV
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makes it an important potential pathogen of North American crustaceans, both freshwater and

marine.
Comprehensive risk assessment and research needs

19. How will a comprehensive risk assessment contribute to management of the shrimp virus

problem, i.e., will it add significantly to the information presently available?

A comprehensive risk assessment has the potential of gathering virtually all of the available
information on this topic in one place and extracting from it the facts necessary to make informed
management decisions. The key to the appropriateness of the decisions made, may depend in large

- part, on how well the available data is acquired and evaluated.

20. What type of assessment should be conducted next (e.g., quantitative risk estimates using
shrimp population models), and what would be the likely time frame and cost?

This question might best be deferred to the NMFS where I presume the latest models are available.

21. Should a future risk assessment consider the risk reduction potential of a range of treatment

options associated with specific exposure scenarios?
What treatment options?
22. Summarize the critical research needs for completing such a risk assessment?

I cannot comment here because it is not at all clear to me what is being asked in question #21.
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MEMORANDUM

From: J. M. Lotz
Date: 18 December 1997
To: EPA/ERG Shrimp Virus Peer Review and Workshop
Subject: Comments on questions

Management Goals, Assessment Endpoints, and the Conceptual Model

1. How well does the management goal reflect the dimensions of the shrimp virus problem?

“Prevent the establishment of new disease-causing viruses in wild populations of shrimp in
the Gulf of Mexico and southeastern U.S. Atlantic coastal waters, while minimizing possible

impacts on shrimp importation, processing, and aquaculture operations.”

The genesis of this workshop appears to be the possible introduction and establishment of one of
four viral agenté of shrimp aquaculture in the U.S. Gulf of Mexico and the Atlantic Ocean. The
agents are WSV, TV, YHV, and IHHNV. However, as is perhaps common to these kinds of

activities the management goal appears to lack precision.

(a) The viruses are not specifically identified. The phrase “new disease-causing viruses”
implies management of as yet unknown and undiscovered viruses. If this breadth is to be
applied to viruses generally why not include other categories of pathogens and potential
pathogens?

(b) What is meant by establishment? Would the finding of a positive animal in a wild
populations meet the report’s definition of establishment, should it be found over some
period of time, should it be a self maintaining population of virus.

(c) The word “shrimp” implies more than P. aztecus, P. duorarum, and P. setiferus.
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\
(d) The word d1sease-caus1ng is a very shppery word If 1nfected ammals are not seen to be

‘ o
diseased are they not to be considered for management or does disease causing imply
“potentially an agent of disease”. In this case any parasite could be a pathogen in some

species of host.
' |
The second concern is that if one or more of the agents under con51derat1on have already been
mtroduc:ed then the management goal can not be met and the exercise seems irrelevant to the
management goal There is some evidence that at least one of the viruses have already been

estabhshed in both bodies of water.

The goal as stated ranks the endpoints. Highest priority is prevent1on of estabhshment of the viruses.

Takmg second pos1t10n is the minimization of impact on business. Otherwise the wordlng would be
something like “minimize the probablhty” or “reduce the probability” of estabhshment. If the goal
is to guarantee that new viruses are not established (the phrase says “to prevent’j’ not “to reduce the
chance s”) from aquaculture then there can be no aquaculture if the goal is to guarantee no
establishment from imported shrimp then there can be no imported shrimp. My éuess is that the goal -
is really to balance the risks of establishment with the risks of guaranteeing that estabhshment will

not OCCUI

2. Comment on the scope of the risk assessment to be limited to effects of viral establishment on

populations of “shrimp”.

Shrimp is in fact a rather w1de category and the risk assessment is broader than our knowledge base.

Broadening the assessment more will put a greater distance between our knowledge and the N
decisions. Nonetheless the unforseen consequences are usually the ones that come back to haunt any
decision. Although I think that the overall assessment should be clearly placed 1n the context of the

* ecosystem, the effect on the ecosystem can not be the focus of the risk assesﬁsment. This is way

beyond our ability to estimate. |
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3. Comment on increasing the scope to include not only viral stressors that might affect shrimp

populations but also other kinds of stressors that might affect shrimp populations.

The farther afield from the problem at hand the process gets the less valuable the process will be.
Although I can understand why the risk assessment should consider the effects of viral establishment
on the ecosystem, I can’t fathom why this risk assessment should be expanded to include the effect

of global warming or alternative land uses on shrimp populations.
Viral Stressors and Factors Regulating Shrimp Populations

4. How relevant to virus effects on wild populations is information on infectivity and effects that is

derived from laboratory or intensive aquaculture operations?

In general information derived from laboratory studies is quite relevant to natural settings. However,
one has to look at the conditions in the particular laboratory experiment or the aquaculture setting.
It is often assumed that laboratdry or aquacultured animals are at much higher densities than natural
populations but that is not always the case. If one assumes that the Gulf of Mexico is a large
aquaculture pond or a large aquarium then the conclusions based on experiments will not translate
to the Gulf of Mexico. However, if one views the Gulf of Mexico as composed of a large number
of aquaculture ponds or aquaria, then the results of laboratory experiments are likely to translate
more realistically. If wild animals get the same dose and have access to consumption of dead animals
as they do when they are taken into the laboratory or into an aquaculture setting then they will act
in the wild like they do in the artificial settings.

The adjective “i/ntensive” changes the flavor of the question? Does the question assume that the

relevance of information derived from semi-intensive or extensive aquaculture is unassailable?

5. How likely is it that exposure of wild shrimp populations to viral diseases could lead to the

development of immunity and reduced effects on population survival over time?

Assuming all else is eciual and that some members of the shrimp population possess genes that
would impart resistance then it is quite likely that over several generations there would be changes

in the genetic composition of both the shrimp population and the viral population that might reduce
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the effects of the pathogen on the dynamics of the shnmp populat1ons However the ab1hty to
predxct such changes assumes that the genetic tra1ts that code for re51stance to a virus are not linked
to some other ﬁtness lowenng traits such as ab111ty to avoid predators. It is often assumed that less
vu'ulent v1ruses are more fit than the Vlrulent viruses but that is not always the case If more than one
pathogen was established and resistance to one did not provide resistance to the other but actually
increased the virulence of the second then no net change would be ohserved§ some memhers of the
shrimp population would be resistant to one pathogen and not the other. If the virus was actually“/
maintained in one species that acted as an unaffected “carrier” the resistant carrier might actually
use the virus to‘“ displace less resistance species. The virulence of the virus miéht be unaffected by
tlns situation. Th15 1s the case with crayfish plague in Europe where 1ntroduce re51stant crayﬁsh are

displacing w11d susceptlble crayfish by carrying crayfish plague.

6. How can the strong influence of both natural and non-viral anthropogenic factors on shrimp

populations be separated from risks associated with viral stressors?

Itis always dxfﬁcult if not impossible to separate the effect of two factors that operate at the same
time partlcularly if they co-vary. What is needed is a series of natural expenments that is, several
populations of host, some with the virus some without the virus, some subj ect to the anthropogenic
stressor some not, and some with combinations of the various factors. The populations can be
separated by erther tlme or space. In time one could look at a populatlon prior to the introduction of
a virus but W1th the second factor present then compare the populatlon after the‘ establishment of the
virus. Occasionally one can use data from an unrelated host and parasite that mimics the situation
of interest to determine what might in an analogous situation. |

|

7. Can human health effects from shrimp viruses be ruled out as a concern? Why or why not?

I am not concerned with the human health effects of shrimp viruses. Howevér one can never be
absolutely certam that a virus of a non-human host will not become mfectlous to humans. Influenza
viruses jump from pigs, chickens, etc. to humans regularly. In addltlon v1ruses of insects are
transmitted to humans all of the time. The arboviruses multiply in both human ‘and arthropod hosts

Nearly anything is possible.
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8. Are the available identification techniques for shrimp viruses reliable enough to allow definitive

conclusions to be drawn about the occurrence of viruses in shrimp and environmental media?

In general yes; however some are more reliable than others. The question should not be asked
outside of an understanding that the reliability of any single diagnostic test can only be determined
after lengthy evaluation and clinical trials. Clinical trials have not occurred for the shrimp diagnostic
procedures to the extent that they have for pathogens of poultry or cattle or humans. Further the
trials that have been done have not been done for surveys of wild sh}imp. For the most part the
viruses are new, the diagnostic procedures are new, and even the aquaculture of shrimp is new. Most
of the molecular diagnostic tools have not been adequately tested to be used on wild shrimp without
a second backup benchmark. The typical benchmark diagnostic test is a histological exam; however,
in critical cases, particularly for surveys of wild shrimp, follow-up bioassayé are required. In some
cases the histological evaluation is not completely reliable. The histological pathology associated

with some of the viruses may look like pathology caused by another virus.
Viral Pathways and Sources

9. U.S. aquaculture operations have had problems with viral diseases for several years. How does
information from local wild shrimp populations support or refute the importance of aquaculture

. operations as a source for the virus?

In the U.S. there is evidence that a shrimp virus may be present in in wild populations but the source
is not known. There have been small surveys of penaeid shrimp in the U.S. for evidence of the
viruses but those surveys have not turned up conclusive evidence that any of the four viruses are
present in U.S. waters. The introduction of IHHNV into the Gulf of California is the best
documented case of an the introduction of a viral pathogen into"wild shrimp populations from
aquaculture. It also may be that Taura virus has been introduced into wild shrimp in parts of Central
and South America and that introduction was from aquaculture. The difference between the
likelihood of aquaculture as a source for the introduction of viruses into Mexican, Central and South
American wild shrimp probably lies in the much higher aquaculture levels that occur in those

regions.




t J. M. Lotz
10 It has been wzde[y held that it is highly urusual for domestzcated anzmals to mfect wild animal
papulatzons usually it is the other way around. How well does this observatzon apply to the -
relationship between shrimp in aquaculture and wild shrimp poﬁpulatz'on,‘ in regard to shrimp
viruses? ‘
The situation in terrestrial livestock agriculture may appear to be dlfferent because of differences
between the states of development of terrestrial agrxculture and aquaculture The vast majority of “
livestock used in terrestnal agnculture have no wﬂd stocks of the same spec1es that are exp101ted for
commercial purposes therefore few are concerned that say an outbreak of hoof and mouth dlsease a
in cattle will spread into wild populatlons of cattle. There are no w11d cattle ‘ |
|
There are a number of examples of aquaculture as the cause for an outbreak or introduction ofa
disease agent into wild populations, e.g., crayfish plague, whirling disease, Anguillicola sp., several
salmon bacteria and viruses. The movement of pathogens into wild spemes has the consequence that
the wild ammals then become a future source of infections once farmers ehmmate the pathogen from
their farmed stocks by replacement of animals imported from other farrners or reglons The wild
ammals are then of concern to farmers and their livestock eventhough the or1g1nal introduction of
the pathogen into the wild population was frorn aquaculture. I would not be ;surpnsed if terrestrial
livestock agriculture had followed a similar scenario during its early hlstory of domestication of
stocks Theret%re the “Unusual” situation in aquaculture is not unusual at“al‘l ‘l‘it ;s just that ‘aquaculture
and terrestrial hvestock agriculture are at 31mply different phases i in their development
‘ o : i ‘
Shrimp Pro“cessh‘lg |
"11. Some believe it likely that shrimp processing operations have processed ‘ virus-infected shrimp
ﬁom foreign sources Jfor severql years. How does information ﬁon\zﬂlﬂocal wz{d ‘shrzmp populatzons
support or refute the importance of shrimp processing as a potentle sourcejfor the virus?
The mformatron from local wild shnmp populations is very meager. However there is ev1dence that
at least one of the v1ruses is present in Wlld shrimp in the Gulf and the Atlantlc The source of it is

unknown and by itself doesn t suggest processing rather than some other source There is clear
. H

evxdence that 1nfect10us virus is present in at least some frozen shnmp destmed for domestic

processing. Another piece of evidence that might point to processmg as an 1nd1rect source is that the
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U.S. aquaculture industry is the only industry in the western hemisphere that has reported WSV.
WSV has not been reported from aquaculture of shrimp in Mexico, Central America, nor South
America. There is much less processing of shrimp imported from Asia (where WSV is common) in
Mexico, Central America and South America. This may suggest that processing of shrimp from Asia
resulted in contamination of U.S. aquaculture. This of course assumes that the U.S. WSV is Asian

in origin.

12. Should the retailers who distribute (rather than process) shrimp products receive additional

evaluation as potential sources of exposure?

The evaluations that have been done are minimal; however, infectious virus has been found in
shrimp in supermarkets. If these shrimp are purchased and “processed” at home the disposal of the
home waste could be a source of contamination. There should be further evaluation of shrimp that
may carry infectious virus regardless of whether they are to be processed or not. The focus should
be on the viruses, the infectiousness of the virus, and how those viruses might contact susceptible

hosts.
Other Potential Sources and Pathways

13. After considering the sources addressed in the shrimp virus report, what sources other than
aquaculture and shrimp processing are the most critical for evaluation in a risk assessment of
shrimp viruses? Given time constraints, which of these should be the focus of discussion at the

workshop?

One source for the establishment of a virus into U.S. waters, especially into the Gulf of Mexico,
might be the natural spread of virus from a point of establishment outside of U.S. waters info-shrimp
of U.S. waters. In particular, it might be that an establishment in the Gulf of Mexico or the Caribbean
Sea might spread into the U.S. by migration and contact among susceptible species. It would be
important to know whether any of the viruses of interest are already present in areas of shrimp

aquaculture along the coasts of nations bordering the Gulf of Mexico.
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14. Is manufactured feed a potential virus source, or is the processzng temperature suﬁ‘iczent torule

this source out?

The‘temperature of “‘processing of manufactured feeds depends‘ upon the rnethod ‘of preparation

IHHNV would need“h be heated to 80°C. It may be necessary to treat Taura Vl‘rus to an even great

temperature to prevent infectiousness. There are however a number of fresh uncooked feeds that are
associated with shrimp aquaculture, algae, brine shrimp, squid, and blood worms among others. A
live organism could concelvably carry one or more of the viruses (WSV has been shown to have a
wide host range‘ among crustaceans). Any fresh feed could act as amechameal vector_any of the
viruses. This would be particularly likely if a processing plant processes shrimp and one of the fresh
feeds in particular sduid is likely to be processed by the same processors as shrimp since both are

used as food for people.
Stressor effects

15. How should the available evidence concern‘ing the effects of introduced viruses on wild shrirnp
populations be interpreted? (For example, what was the role of IHHNV in the decline of shrimp
populations in the 1980's in the Gulf of California? What about T. S V release ﬁom aquaculture into

the wild in South America?)

There should be no quest1on that viruses have been introduced into wﬂd shnmp populatrons from
aquaculture Since the stated management goal of the risk assessment 1s to “prevent the
estabhshment of viruses then the pertinent data is that that can happen When the question is, “can
one predlct what will happen if a virus is introduced into a w11d shrimp populatxon"” one has to again
look at the ava11ab1e data. The data from the Gulf of California clearly show that IHHNV was
- introduced from aquaculture and that P. stylirostris were found with IHHN d1sease What is less
clear is how was IHHNV introduction related to the decline i in catch. The catch data that I have seen
~ (reported ina Tucson newspaper) is that the catch was already in dechne prlor to the 1ntroductlon B
of IHHNV [ am not farmhar with the data for catch of shrimp in areas where TV or WSV have been |
mtroduced There are however examples of the introduction of pathogens into other kinds of aquatic |
systems For example the outbreak of a virus in hard head catﬁsh (Arzus felzs) 1n“the Gulf of Mexico

durmg 1996 caused a definite short term (same year) decline in the numbers of catfish that were

caught in samphng gear by state agencies in Mississippi. However, there does not seem to be any
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shortage of hardhead catfish in 1997. Of course hard head catfish are not an economically important

species so the numbers are not well known.

From a theoretical perspective we can consider the consequences of introducing an additional risk

factor (virus) into a shrimp population. For example if the survival of shrimp in the absence of the
additional factor is 1%, that is 99% of them die from some other cause and a shrimp subjected to
mortality from the additional factor alone has a 75% chance of dying (abouf the mortality rate for
P. vannamei infected with Taura Virus) then a shrimp subjected to both the additional factor (virus)
and the general mortality factors has a 99.75% chance of dying. (The chances of surviving both TV
and general mortality is (1-.75)*(1-.99)=0.0025 the composite mortality rate is .9975.) The net
increase due to the additional factor is only 0.75%, that is out of 10,000 shrimp 9900 would die in
the absence of the additional factor and 9975 would die in its presence. There are certainly other
considerations that need to be taken into account but the general result is that the increase in the
mortality rate from the addition of another fnortality factor is actually quite small when the initial

mortality rate is quite high.

16. There is presently a lack of basic data on background levels of pathogenic shrimp viruses in wild

shrimp populations in U.S. waters. How should this data gap be evaluated in a risk assessment?

The data gap can only be evaluated as lacking. I guess the reason for a risk assessment is to deal with
data gaps. There may be more data than one thinks. There is at least one unpublished data set on the
seasonal dynamics of Baculovirus penaei (BP) in P. aztecus. BP is a fairly pathogenic virus of

shrimp that is native to the Gulf of Mexico.

17. How can changes in wild populations be -used to interpret the effect (or lack of effect) of

introduced shrimp viruses? How could shrimp populations models be used in the future?

I think that changes in wild populations are an extremely valuable source of information. However,
one needs good data on variation over several years prior to the introduction of a virus. The data
need to be appropriately collected. There are real problems with landings as indicators of shrimp
numbers. If fishery independent data on abundances of shrimp are available prior to an introduction
and the dynamics can be followed subsequently then good conclusion can be made. Another

approach is to look at natural experiments as alluded to in my comments to number 1.
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Population models of shrimp are important. More important are models wof shrimp and their
pathogens. These models can be very helpful in identifying what rates need to be determined and
what parameters need to be estimated. For example ep1demlolog1cal models can be built that
mcorporate the populatron dynam1cs of shrimp populat1ons and they can be used to suggest which
factors are 1mportant to the estabhshment ofa pathogen and the consequences bf that estabhshment |
on shrlmp populations. Not only can population dynamic models be usefulibut also genetic and

evolutionary modes should be considered.
18. How important are potential viral effects on non-shrimp species?

Very important. For example, if a virus reduces the numbers of a species that serves as food for an
|

important fishery species then there could be a reduction in the abundance of that fishery species.

In addition, other species may serve as reservoirs for outbreaks in other wild or cultured species.

Certainly if the goal is to prevent establishment then the role of non-shrimp species needs evaluation.
Comprehensive Risk Assessment and Research Needs

19. How will a comprehensive risk assessment contribute to management of the shrimp virus

problem, Le., will it add significantly to the information presently avaz'ldblé?j

A comprehensive nsk assessment should contribute to understanding and deﬁnlng what the problem
is and what rmght be done to prevent estabhshment In addrtron the assessment will probably point
out areas for ﬁ.\ture research and 1nformatron that is needed to answer spec1ﬁc quest1ons related to
introduction 1f the vrruses The process seems to be rather lengthy Pathways are now open that
appear to have a considerable amount of virus already. Estabhshment might actually occur before

the assessment is done
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20. What type of assessment should be conducted next (e.g., quantitative risk estimates using shrimp

population models), and what would be the likely time frame and cost?

[ think that it is important to get really good estimates of how much infectious virus is coming into
the U.S. and where thé virus might be contacting wild populations. I think that the most important
factor in determining whether a virus will be established in a susceptible wild population is how
many times introduction is tried. I think that determining whether a particular virus will become
established will require detailed knowledge of the doses that wild populations are actually exposed
to, the distribution of shrimp in the wild, the virﬁlence of the virus to the species of interest, and the
transmission potential of the viruses in water or by contacting infected shrimp. These kinds of
ﬁarameters can be put into epidemiological models that will help understand whether a virus is likely

to become established at various values of dose, susceptibility and transmissiblility.

21. Should future risk assessment consider the risk reduction potential of a range of treatment

options associated with specific exposure scenarios?

\3

~ Yes.
22. Summarize the critical research needs for completing such a risk assessment.

We need to know how much virus is contacting wild shrimp populations and what the infectiousness
of the contacting virus is. We need information on the transmission rate within and among wild
populations of the species of wild shrimp. We need evaluation of the virulence of the viruses in the
~ species of wild shrimp of interest. It is also critical to determine what the temporal and spatial
distribution of wild shrimp populations are in the Gulf and Atlantic. This kind as well as other
similar kinds of information will be needed for epidemic models that will allow good guesses for
the likelihood of establishment through various pathways. Another piece of information that is
needed is to know whether or not the pathogens of interest have are already established in the Guif

and Atlantic.
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RESPONSE TO QUESTIONS FROM LARRY McKINNEY

How well does the management goal reflect the dimensions of the shrimp
. e . N ‘ . :

virus problem? }

The management goal: Prevent the establishment of new disease-causing viruses
in wild populations of shrimp in the Gulf of Mexico andsouthejastern U.S. Atlantic
coastal waters, while minimizing possible impacts on shrimp importation,
processing, and aquaculture operations is on target and appropnate for a rlsk
assessment exercise.

E o |
Some have suggested modifying the assessment endpomts to emphasuze
potentlal risks of shrimp viruses to non-shnmp orgamsms and the Iarger
estuarine ecological system or, alternatively, to wthe aquaenltnrelndustry.
Please comment on the assessment endpoini:s as the focal point for the
ecological risk assessment. “ h
The assessment endpomts as proposed seem approprlate although the second |
assessment endpoint: The ecological structure and functlon of coastal and near |
shore marine communities as they affect wild penaeid shr/mp populat/ons may be
too broad even in the context of a risk assessment. It is my understandlng that this
endpoint represents the “valued ecological entity” and that Surwval growth and
reproduction of wild penaeid shrimp populations in the Gylf of Mexico and
southeaster U.S. Atlantic coastal waters - is intended to represent an attribute of
that entity, in the context of risk assessment process, that are lmportant to protect
and are potentially at risk. 1 would not recommend expandmg“ these endpoints to
include additional risks. o

!
It has been suggested that the scope of the proposed risk assessment is too
narrow and that it should be broadened to consider the‘ impacts of such
stressors as alternative land uses and seafood productlon methods in
coastal areas. Please comment on th|s suggestlon
ldo belleve that the impact of additional stressors should be assessed Some that

were included in testimony were: Operational methods, especnally associated with
d
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wastewater discharges, bait production for recreational use, shrimp feed
production, human waste, direct importations to retailers. Intuitively, some would
seem of low probability, but | would think they need some level of consideration.

VIRAL STRESSORS AND FACTORS REGULATING SHRIMP POPULATIONS
This topic includes basic information about shrimp viruses as well as the full range of

natural and anthropogenic factors that regulate shrimp populations. Questions for

consideration:

4,

How relevant to virus effects on wild populations is information on
infectivity and effects that is derived from Ilaboratory or intensive
aquaculture operations?

It is very relevant because is establishes one endpoint in assessing the probability
that wild populations could be infected.

How likely is it that exposure of wild shrimp populations to viral diseases
could lead to the development of immunity and reduced effects on
population survival over time?
| cannot answer that, | lack the expertise. At least one of the studies presented as
testimony asserts such an effect.

How can the strong influence of both natural and non-viral anthropogenic
factors on shrimp populations be separated from risks associated with viral
stressors?

Unless the effect of the viral stressor is significant (overwhelming), | am not sure
that we have adequate data to separate out natural and non-viral anthropogenic
factors.

Can human health effects from shrimp viruses be ruied out as a concern?
Why or why not?
I cannot answer that, | lack the expertise.

Are the available identification techniques for shrimp viruses reliable
enough to allow definitive conclusions to be drawn about the occurrence of
viruses in shrimp and environmental media?
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| l
While | lack the direct expertise, my review available techmques indicates that they

are inadequate. |
.
l

VIRAL PQIHWAYg AND SOURCES
- The shnmp virus work group considered aquaculture and shnmp processmg to be the
~ primary pathways of concemn leadlng to exposture to pathogenlc shrlmp viruses, but is

also identified a number of other potential pathways Some related questlons are listed
below. |

10.

cu RE

u. S aquaculture operatlons have had problems with V|ral diseases for
sev“eralm years. How does mformatlon from Iocal wild shnmp populatlons
support or refute the importance of aquaculture operatlon as a source for
the vrrus" | | ” ‘
Data is madequate to reach a conclusion -

It has been W|dely held that it is highly unusual for domestlcated ammals to
infect wrld anlmal populatlons, usually it is the other way around How well
does thls observatlon apply to the relatlonshlp between shrlmp in
aquaculture and wild shrlmp populat|ons, with regard to shnmp viruses?

I think that it is unsound to use such an analogy in regards to aquaculture The
expenences upon which that conclusion is based comes from land based

agnculture Water, the universal solvent, provrdes a srgmf icantly enhanced
transmlttal medium and very different circumstances. |

SHRIMP PROCESSING ‘
11. Some believe it likely that shrimp processing operations‘ have processed

12.

virus-infected shrimp from foreign sources for several years. How does
information from local wild shrimp populations support or refute the

importance of shrimp processing as a potential source for the virus?

Data is inadequate to reach a conclusion.

Should the retailers who distribute (rather than process) ‘'shrimp products
|

receive additional evaluation as potential sources of exposure?
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Yes

OTHER POTENTIAL SOURCES AND PATHWAYS

13.

14.

After considering the sources addressed in the shrimp virus report, what
sources other than aquaculture and shrimp processing are most critical for
evaluation in a risk assessment of shrimp viruses? Given time constraints,
which of these should be the focus of discussion at the workshop?

Bait shrimp and Non-Shrimp Translocated Animals (example: the growing culture
of Australian red claw crayfish).

Is manufactured shrimp feed a potential virus source, or is the processing
temperature sufficient to rule this source out?

The testimony provided at the hearings appears conflicting on this issue. Until that
can be resolved shrimp feed cannot be ruled out as a source.

STRESSOR EFFECTS

These next questions concern the possible consequences to wild shrimp populations
and marine communities from exposure to pathogenic shrimp viruses.

15.

16.

17.

How should the available evidence concerning the effects of introduced
viruses on wild shrimp populations be interpreted? (For example, what was
the role of IHHNV in the decline of shrimp populations in the 1980's in the
Gulf of California? What about TSV release from aquaculture into the wild in
South America?)

There is no substantive evidence (which | have reviewed) that introduced viruses
have had an effect on wild shrimp populations. Available information does provide
evidence of transmittal of viral disease between wild populations and cultured
shrimp. The evidence establishes a pathway, but does not contribute greatly to
the assessment of risk. B

There is presently a lack of basic data on background levels of pathogenic
shrimp viruses in wild shrimp populations in U.S. waters. How should this
data gap be evaluated in a risk assessment?

As a significant data gap that must be addressed.

How can changes in wild shrimp populations be used to interpret the effect
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(or lack of effect) of introduced shrimp viruses? How }could shrimp
populatlon models be used in the future? . “
Clearly, any population change (decline) outside norms would mdlcate an effect,
although not necessarily from disease (hypoxia, el Nifo effects, etc) would have to
be accounted for and some empirical evidence would need EXISt for linking a
dechne to dlsease Shrimp populatlon models that adequately explaln observed
vanablhty do not currently exist and until they do (even if poss:ble) they will not be
useful in this context. |

|
How lmportant are potential viral effects on non-shrimp spemes?
They can be very lmportant especially on susceptlble specnes W|th low populatlons

(ie hsted endangered/threatened specnes) or with restricted dlstnbutlons

cgmggg‘ar‘“‘i“sns‘“’ivs RISK ASSESSMENT AND RESEARCH NEEDS

18. How w:ll a comprehensive risk assessment contribute to management of the

shrimp virus problem, i.e., will it add significantly to the information
presently available?
I am sorry, but “ comprehensive” risk assessment is not defi ned in any of the
supphed documents so | cannot ascertain what is contemplated If you mean by
comprehenswe - taking a tiered approach and extendlng it beyond the qualitative
levels‘\ mto\ quantitative levels as new mformatlon is developed accordlng to
identified needs, then yes, that approach will make a positive contribution.

What type of assessment should be conducted ne'xt;‘(e.g., quantitative risk
'estimatee using shrimp populations models), and what would be the likely
time frame and cost?

A quantltatlve assessment using shrimp population models would be useful if it
were sensntlve enough, but likely will not be tlmely or mexpenswe The taskforce.
report (page 53) estimates one year and $200-300K That is optlmlstlc at best and
a casé can be made that such a model would lack the sens:t:v:ty to meet the need.
! lack the expertlse to make such a judgement, but have some concern about it.

Should a future risk assessment consider the risk- reductlon potential of a
range of treatment optlons assoc:ated wnth speclf‘ c exposure scenanos"

‘\
t
i
|

|
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Yes, if | understand the question correctly this approach would likely give risk
managers some better options to work with that they now have.

Summarize the critical research needs for completing such a risk
assessment. ’ '

Three important research needs are: 1) ASsessing the presence and distribution
of pathogenic viruses in wild stocks - One insufficiency in assessing the efficacy of
disease management strategies is a lack of baseline information on the presence
and distribution of pathogenic viruses in our native stocks. The recent occurrence
of a “whitespot” type virus in native species held in the Texas Agriculture Research
Center in Corpus Christi illustrates that need; 2) befter information on infectivity,
transmissibility and virulence of viruses - one of the most immediate risk
management needs is how can we minimize risk until some of the critical research
needs are met. A more clear understanding of what is known about this topic and
how that knowledge can be used to isolate cultured from wild shrimp is a critical
management need; 3) Assessing the relationship between stress and disease
susceptibility in shrimp and evaluating the interaction among multiple stressors -
aquaculture conditions typically initiate stress sufficient to increase disease
susceptibility and this is primarily due to over crowded conditions. | If such
conditions are not likely in wild populations can other stressors have a similar
effect? 4) Assessing the potential of shrimp proceésing activities in disease
transmittal - the risk we know the least about is that associated with the processing
of imported shrimp. Based on sheer volume, it could overwhelms all others.
Adequately assessing that risk will likely form the basis of future management
strategies.

~
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Pre-Workshop Comments Munns

Shrimp Virus Workshop
Pre-Workshop Response to Questions
Wayne R. Munns, Jr.

Management goals, assessment endpoints, and conceptual models

1. The draft management goal (p. 14 of the JSA Shrimp Virus Report) adequately captures
two primary management concerns: 1) prevention of establishment of a potentially
disruptive suite of viral agents in wild shrimp populations, and 2) minimization of the
potential negative impacts on the sector of commerce involved with distribution of shrimp
products to the North American market. A third management concern not addressed by the
draft management goal might be stated as “minimization of potential negative impacts on
resource populations and ecological systems other than wild shrimp”. The focus of the
draft management goal currently is limited to shrimp and the shrimp industry. Because the
degree to which the viral agents can affect other species is not know with high certainty,

some reflection of this concern may be warranted.

2.  The first assessment endpoint (p. 18) clearly reflects the first aspect of the draft
management goél, and summarizes nicely the environmental value (and its attribﬁtes) of
primary interest. A minor word smithing change may be warranted, however. Strictly
speaking, “populations” do not “survive, grow, and reproduce”; rather, ﬂleée are attributes
associated with individuals. Replacing the first occurrence of “of” with “in” would correct

this.

The second assessment endpoint, however, is less well crafted. It again focuses primarily
upon shrimp populations, reflecting a focus on other ecology components only as support:
systems for the shrimp populations thg:mselves. Effects on these support systems should be
adequately reflected in the shrimp “survival, growth, and reproduction” attributes expressed
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' . I
in the first assessment endpoint. As a corollary, it does not address pote”ntial effects on
components of ecological systems which are more-or-less independent of shrimp
populations, but which might represent high risk to these components. Inclusmn of a third
assessment endpomt addressing risks to non-shrimp components of ecolog1ca1 systems

would be warranted given sufficient management concern (see Response 1 above).

My belief is that, with the possible exception of the inclusion of a third essessment
endpoint (see Response 2), the essessment should not be broadened to inci‘ude stressors
oother than shrimp viruses, unless these other stressors interact with virus establishxnent
transport, afid consequence pathways and processes. As communicated i 1n ‘the conceptual
models described in the JSA report, pathways that to some degree reflect land use and
production nxethods are considered, but only within the context of shnmp viruses. To
broaden the scope to include other aspects of fhe shrimp industry would nsk diffusion of

|
the assessment effort.

Viral stressors and factors regulating shrimp populations

4. ‘Thls questmn is dlfﬁcult to answer. We know from other situations that predlcuons based
upon exposure to stressors of naive laboratory test subJects often fail in vahdauons against
“actual field s1tuat10ns Pre-exposure to the stress can lead to compensatory responses
‘;“‘“(1mmunologlc homeostatlc and evolutionary responses) which reduce susceptlblhty to
_subsequent exposure Recognition of tlus phenomenon (as well as the opposmg s1tuat10n of
 pre-exposure leading to enhanced suscept1b111ty) will be unportant when 1dent1fy1ng

\
‘assessment u.ncertamtles

ThlS is an area of obv1ous great uncertainty, and the answer to thls quesuon is critical to

understandmg the potential long-term consequences of virus estabhshment That wild
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shrimp populations occur in areas of the world in which shrimp viruses are indigenous
suggests that some degree of immunity can be developed. The characferistics of these
“compensated” populations, with respect to attributes such as productivity, stability,
resilience, and susceptibility to other stressors, also is unknown. Also cogent is the time
course of development of immunity. Although the potential development of 1mmumty may
minimize the long-term consequences of virus establishment in North America, the severity
and extent of short-term ecological effects on shrimp populations may be unacceptable

from a risk management standpoint.

6.  This will be difficult within the context of the risk assessment itself. As a data need,
however, it is important to be able to separate the influences and risks associated with viral
infection from other potential causes and stressors. Information regarding natural
variability in the dynamics of wild shrimp populations, and the responses of those
populations to anthropogenic stress, should be evaluated to provide expectations against
which to overlay the effects pfedicted to result from viral infection. Further, the potential
synergistic or antagonistic interactions between viral infections and other stressors

represent a significant uncertainty for the assessment.

7.  Statements to this effect are made in the JSA Report, but the data (as communicated)
appear circumstantial at best, and precedents of “trans-species jumping” by viral agents
exist (ebola comes to mind). Although this likely is of minor management concern at the
moment, further investigation of shrimp virus epidemiology as it affects humans may be

warranted.

8. No.
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Viral pathways and sources

10.

11.

12.

"the third. These factors will be explored as part of a risk assessment.

S
|
i

As with potential risks to humans, little information exists regarding the epidemiology of
shrimp virus transmission to wild shrimp populations. Although the lack of conﬁrmed

infection of W11d USs. populations would suggest a low probab111ty of estabhshment from
‘aquaculture operatlons the data are too scant to evaluate aquaculture ' operauons as a source

+ of viral release. This represents a critical data gap in the aquacuiture exposure pathway.

The potential tIansmission of viruses from domesticated animals to wild population likely

s conb:olled in large part by three factors: 1) exposure of wild ammals to domesticated

- animals and thelr by-products; 2) differences in the immunities of the two groups to

X pathogens -and 3) the frequency of infection in domesticated animals. The first factor is an
| explicit component of the conceptual model, and therefore will be evalua‘rted as part of the

. . risk assessment; the second represents an important data gap; and we have data addressing

Little infofmation exists regarding the epidemiology of shrimp virus transmission to wild

- shrimp populauons Although the lack of confirmed mfectlon of wild U S. populatlons
~ would, suggest a low probability of establishment from shrimp processmg operations, the

~ data are too scant to evaluate shrimp processing operations as a source of viral release.

This represents a critical data gap in the shrimp processmg exposure pathway

‘ o ' 1 “
The probability of release of viral agents as part of the distribution process likely is lower

- than that of the other pathways to be evaluated, but retail d1str1but10n as a potentlal source
~ should be evaluated in the qualitative risk assessment |
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An evaluation of existing data with respect to probabilities of transmission and

establishment should be evaluated for all other sources (at least as identified in the JSA

Report). Insufficient information is available to prioritize among these other sources.

Information provided in the JSA Report suggests that processing temperatures often are
insufficient to kill viruses. Manufacture of shrimp feed should therefore be included along
the pathways of shrimp processing and aquaculture.

Stressor effects

15.

Such evidence provides direct information concerning the potential consequenbes of virus
release and establishment in U.S. waters. Examination of shrimp populations in South
America and Asia should provide useful data with which to bound the potential long-term
consequences of viral infection. Cursory examination of that information suggests that
because wild populations continue to exist, compensatory responses may occur that
mitigate total devastation of those populations. Given the data at hand, however, it is
impossible to determine the time course of such responses, and further to determine

whether those populations are “impacted” relative to an uninfected condition.

This data gap is directly relevant to the issue of immunity and susceptibility of wild shrimp
populations. As referenced in Responses 5 and 22, it is critical to understand whether
immunity is a viable compensatory mechanism to mitigate the negative impacts of

infection. As such, this will be an important source of uncertainty in the risk assessment.




Pre—Workshop éomiilents

. Assuming that pathways can be established that link the release of viral agents with
subsequent exposure to wild shrimp populations, and that infection of those shrimp can be
documented, the responses of such populations can be used to predict (at least empirically)
the responses of naive populations which might be exposed in the future. The time course
of population change would prov1de information regarding the potentlal s}iort-term
eonsequences of infection, as well as provide indication of potential compensatory
Tesponses (eig., development of immunity). Population modeling could assist in this
evaluation in a number of ways, including: 1) supporting development of*expectations of
‘population dynamics (mcorporatmg natural temporal and spatial vanab111ty) agamst which
to evaluate short-term responses; and 2) prov1dmg predictive tools relatmg the biological ‘

effects of infection to ultimate population response. The former apphcatiqn might require
enipirical evaluation of long-term data sets, whereas the Jatter would requijre mechanistic
understanding of both direct viral influences on shrimp demographic cha.raicteristics
(survival, gfewth, and reproductiori) and potential compensatory mechainisms (eg.,

immunity).
Unknown. This. represents a cntlcal data gap, particularly with respect to the third
assessment endpomt suggested in Response 2.

‘ Comprehensive risk éssessment and research needs

19. The answer to this questlon will be determined in large part by the uncertamties recognized

in the quahtative assessment we are about to conduct.




Pre-Workshop Comments Munns

20.

21.

22,

The answer to this question will be determined in large part by the uncertainties recognized
in the qualitative assessment we are about to conduct. A more comprehensive risk
assessment could incorporate quantitative estimates of the probability of virus transmission,

as well as quantitative models of both viral and shrimp population dynamics.

Should the initial qualitative, or subsequent more quantitative assessments suggest that the
risks of establishment and the consequences of establishment be unacceptably high, then an
assessment comparing various mitigation options (including treatment options) may be

warranted.

Assuming the question to refer to a comprehensive risk assessment, the critical research

needs from my perspective include concrete information concerning:

1.  potential compensatory responses (e.g., development of immunity) of wild shrimp
populations exposed to the viral agents, including insight into the time course(s) of

such responses

2.  susceptibility of non-shrimp native species to viral infection and the consequences of

such infection

3. the basic epidemiology of shrimp virus disease transmission, including identification

of potential intermediate vectors, natural attenuation rates, etc.
Additionally, diagnostic methods for surveillance of shrimp viruses in wild populations are

needed to establish current and future levels of infection. Such data would help to address

the three research needs identified above.
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Dr. Gary D. Pruder, VP
The Oceanic Institute
U.S. Shrimp Farming Program

Premecting Comments
Shrimp Virus Peer Review

1. Management Goal: Prevent the establishment of new disease-causing viruses in wild
populations of shrimp in the Gulf of Mexico and southeastern U.S. Atlantic coastad
waters, while minimizing possible impacts on shrimp imporiation, processing and
aquaculture operations. A

The introduction of disease cavsing viruses to shrimp facming operations has been shown
to have inmmediate and drastic impact. Suggest that the management goal be expanded to
exchude the introduction of disease causing virases to shrimp farms..

2a. Assessment Endpoint (1): Survival, growth and reproduction of wild shrimp
popmlations in the Gulf of Mexico and southeastern U.S. Atlemtic coastal waters.

In keeping with #1 above, suggest that survival and growth of shrimp m farms be added as
assessment endpoints.

2b. Assessment Endpoint (2): Ecological structure andﬁ:twaonofmarshoremae
communities as they effect wild shrimp populations.

Perhaps such an effort is out of reach.

3. It has been suggested that the scope of the proposed assessmertt be broadened to
consider the impacts of aiternative land use and seafood production methods in coastal
areas.

Seafood production methods will likely be included in preventing the introduction of
viruses. Recommend against expanding the scope to include other environmental impacts
at this time.

4. How relevant to virus effects on wild populations is information on infectivity and
effects that are derived from laboratory or intensive aquaculture operations? .

Likely that information from laboratory and shrimp farming operations will represent
worst case scenarios in individual mortality and survival percentages.




5. Howlzkebusxtﬂwarpmwequkishrmpmlamtowmhﬁseasescmldled
todevekymntafmmuzywxlma&wed@ﬂ%clsmpopulanmmvdwerm?
o

. Itappwstobeamsonablecomeofevmts Itwmﬂdbevaluablewh:owwﬁéxgetm‘

changes if any, ‘accompany increased resistance, if any, tothedxseaseageuts

6. Howcms&nghykaanceombothmﬂlandmwmlwﬂrapagmcjacmmm
m:ppopulanmbesqmwedﬁmnskmoaamdmd:wulmemrs?

SomeumesbmnotoﬁmThesystemsandﬁlemtetacuonsmoomplexanddonotlend
thﬁnselmto controlled m:penments

2. Cmalmnmheakhqﬁ‘ectsﬁomshmwwmesbemledoutmacmm’
Notsure | ‘

8. Areﬂwavmbbkzdmﬂﬁaaamtedwquesﬁrshrmpvhmsreﬁablemghmm
dqﬁmmwecomhmanstobed'mmabautﬂtcacaamweafmsesmdmrpmd
environmental media? ‘

Pmbablyyesibrsmnevuumandunsureforoth«s.

9 US aqmltweoperaamshavelxzdpmblemswifhwml&seasasﬁrsewmlyw&
- How does information from local wild shrimp populations support of refute the
inmporzance of aquaculture operations as a source for the virus?

Aquawhmopemﬁmsdonotautemses However, faﬁmhecomemfwted:t:s
Iikely that the vitus will be mmltiplied and subsequently be transferred with shrimp product,
shrimp waste and/or discherge waters. Presently, high health shrimp farms are subject to
infection transfer from wild anfmals. It is critical that steps are taken to exclude viral

discases from shrimp farms.

10, It}ggs been widz{ybeki:ixzz it is highly unusual for domesticated animals to infect
wild amimals; usually it is the other way around. How well does this abservation apply to
the relationship between shrimp in aquacyliure and wild skrimp populations, with regard
to shrimp viruses?

Perhaps not too well. Tlmdxﬁ’mbetwemdommmandwﬁ&shmnpmd
not yet substantial. Our experience to date in breeding shrimp, has indicated that wild
slmmparemozeresxstamtomanysu'essesmdudmgd:sease
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11. Some believe it likely that shrimp processing operations have processed virus-
infected shrimp from foreign countries for several years. How does information from
local wild shrimp populations support or refute the importance of shrimp processing as a
potential source for the virus?

It is only recently that visus related problems were recognized as serious problems by
foreign shrimp producers. It is unlikely that shrimp processed over the past twenty years
carried significant viral infections. However, those processed over the last three or four
years are known to carry high levels of virus ) '

12. Should retailers who distribute (rather than prooe&s) shrimp products receive
" additional evaluation as potential sources of exposure?

Thepracﬁceofselﬁngoldeyshﬁmppmduﬂsasbaitslwuldbediscomaged.

13, After considering the sources addressed in the shrimp report, what sources other
than aquaculture and shrimp processing are most critical for evaluation in risk

. assessment of shrimp viruses? Given time constraints, which of these shounld be the focus
of discussion at the workshop? ‘

Live shrimp and bait shrimp are likely carries of shrimp viruses and potestial transfer
products.

14. Is manufactured feed a potential virus source, or is the processing temperature
sufficient to rule this source ow? :

It is unfikely that feeds are involved in the current problem. I do not know about
temperature.

15. How should the available evidence concerning the effects of imtroduced viruses on
wild shrimp populations be interpreted.

No comment

16. There is presently a lack of basic dara on background levels of pathogenic viruses on
wild shrimp populations in U.S. waters. How should this data gap be evaluated in risk
assessment?

Recent findings confirm the presence of exotic viruses in wild populations. The real issue
goes back to #15.




" No comment

DrGaryDPmder

17 Hawcayzdmgasmw:kis}nmppWMnsbemdtomtapreztheeﬁ'ect(orlack |
‘ Q)"e_ﬁ'w)qua'slmmwrm? choulds}n-mpmodelsbeuwdm‘tlzﬁdm?

o
|
|
\

- 18, Hmmpormtmpownhdmulqﬁ&cmanmdmmp@ems?

‘ Dxmcteoommxcnnpactwmﬂdbenmchlm Domtknowabomxongmmdim
- mmm.

19 Hawwﬂamxprmnskassammmbmwmwmgequ‘ﬂvmpms
: problems? “

| mcassmtwmorgmmmsnngmformanon Hopcﬁﬂlyxtwillalsowpportthewed
for research to flt information gaps. | o

20. %att}peofmmemslmuldbewmﬁlaednextandw}mwauldbethehkeb’ﬂ»w
ﬁ'anwmadcost? o -

‘ Suggmawmbmedmodehngandmﬂuplemesmdybeundmkmtommem
points. I suggest $15 MILLION over the next three years. In the meantime, aquaculture
Mpmmmgopaﬁmssboddbemﬁedmdwdopmgewmmmmﬂhodstodmn&a

- 21, W a ﬁﬂure risk assessment consider the risk reduction potamal i ofagnmge o
. treatment options associated with specific exposure scenarios?

Development of treatment optxons should be undertaken unmediately
B 2. Summanze tkg a‘z‘tlcalresaarch needs‘ﬁrcompletmg.mch anskassesmem_?

)

‘ S@g&mﬁﬂowthedatag&pmdmrdmeedteoommdaﬂonspage@-ﬂ of the
‘ ‘BvahuuonRzportbytthSAshmanmsWorkGroup |
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Responses from Paul A. Sandifer, SC Department of Natural Resources

Mggag“ ement goals, assessment endpoints, and the conceptual model

L How well does the ma.nagement goal reflect the dimensions of the shrimp virus problem?

‘The goal is very clear and does a good job of incorporating most of the elements of the problem.
However I recommend the following minor modification suggested changes noted in bold)

. “Prevent the estabhshment of new d1sease -causing viruses in w11d populauons of penaeld
; shnmp in the Gulf of Mexico and southeastern U.S. Atlantic coastal waters, while

- minimizing possible impacts on shrimp importation, processing, aquaculture operations

and the ecosystems upon which wild penaeid shrimp stocks depend »

' 2. Some have suggested modifying the assessment endpomts to emphasize potent1al risks of
shnmp viruses to non—shnmp organisms and the larger ecolog1cal system or, altemauvely, to the
aquaculture mdustry Please comment on the assessment endpoints as the focal point for the |
ecological risk assessment.

I think that the emphasis of the risk assessment should remain on penaeid shnmp, but other
information should be included where it is available and pertinent. However, the available
information on the occurrence and impacts of various viruses in penaeid shrimp populations is
very sketchy at best, and that for other organisms appears to be extremely l1m1ted Nevertheless,
a minor modtﬁcatlon of the second assessment endpoint as noted below (suggested change in
bold) rmght be helpful since it would not limit the assessment of ecologtcal effects to just those
dealing with marine shrimp populations:

“Ecological structure and function of coastal and near-shore marine communities,
especially as they affect wild penaeid shrimp populatlons ”

3. It has been suggested that the scope of the proposed nsk assessment is too narrow and that it
“should be broadened to consider the impacts of such stressors as alternative land uses and
seafood production methods in coastal areas. Please comment on this suggestion.

: \
Iam adamantly opposed to much broadening of the risk assessment, because I beheve such
would result in the EPA’s inability to draw any useful conclusions within a reasonable time
frame. Broadening the scope of the assessment to include other areas with very 11m1ted data
pemnent to the occurrence and impacts of shrimp viruses would needlessly comphcate the
process and, in my v1ew likely ensure its failure.




Paul A. Sandifer
Viral stressors and factors regulating shrimp pop_ulatioﬁs

4. How relevant to virus effects on wild populations is information on infectivity and effects that
is derived form laboratory or intensive aquaculture operations?

Very relevant, since in most cases this is the primary information we have about potential
pathological effects. However, this question could probably be better addressed by
epidemiologists with experience with viral diseases of arthropods (e.g., insects). Information
from other better known situations, such as some virus diseases of insects or domestlcated
animals or plants might prove very enlightening.

5. How likely is it that exposure of wild shrimp populations to viral diseases could lead to the
development of immunity and reduces effects on population survival over time?

It is quite possible that effects in wild populations (and probably cultured populations as well)
might diminish over time with repeated exposures. Whether or not such diminution would be the
result of an acquired “immunity” or some sort of accommodation (see Flegel and Pasharawipas,
viracom 23 June 97) is unknown. Also unknown is how long it might take for wild populations
to develop such protection, if at all, and the possible effects on survival of the wild stocks until
such accommodation occurred.

6. How can the strong influence of both natural and non-viral anthropogenic factors on shrimp
populations be separated from risks associated with viral stressors?

One would have to look very carefully at long-term data series on shrimp populations and then
attempt to correlate population level effects (if any) that were greater than those associated with
“normal” environmental variation and persistent.

7. Can human health effects from shrimp viruses be ruled out as a concern? Why or why not?

I would leave this to those with expertise in human health in relation to virus diseases.

8. Are the available identification techniques for shrimp viruses reliable enough to allow
definitive conclusions to be drawn about the occurrence of viruses in shrimp and environmental
media?

NO.

Viral pathways and sources
9. U.S. aquaculture operations have had problems with viral diseases for several years. How

does information from local wild shrimp populations support or refute the importance of
aquaculture operations as a source for the virus?
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In most situations it does neither, since there are few if any baseline (before aquaculture) data on
the incidence Gf any) of viral infections in wild shrimp populations for comparison, and little if
‘any work has been done to determine if archived samples such as in museum collectlons could be
analyzed in any way to provide such “before” data

10. It has been widely held that it is highly unusual for domesticated animals to infect wild
- populations; usually it is the other way around. How well does this observation apply to the
. Telationship between shrimp in aquaculture and wild shrimp populations, with regard to shrimp
“viruses? - |
I am not sure. It is clear that aquaculture operauons have spread viral diseases from one facility
to another, and they may well have spread viruses to wild shrimp populations, but documentation:
of this latter appears to be lacking. Again, the lack of baseline data on the occurrence of viruses
in wild shrimp populations, and indeed the distribution of viruses in wild crustaceans worldwide,
makes it difficult to draw many conclusion. Further, at least in the US, it is my impression that
relatively little sampling has been done of wild shrimp populations, even around aquaculture
operations, for viral analysis, and what analyses have been done have generally followed disease
outbreaks in the aquacultu.re operations. Thus, it is difficult to determme in many situations
‘whether the disease came to the aquaculture operation from the wild or whether the aquaculture
operation 1ntroduced the disease to the wild.

11. Some believe it likely that shrimp processing operations have processed virus-infected
shrimp from foreign sources for several years. How does information from local wild shrimp
populations support or refute the importance of shrimp processing as a potentlal source for the
‘virus?

I have not seen enough data from analysés of virus incidence in local wild shrim‘p pbpulations to

draw any conclusions in this matter. |

12. Should the retailers who distribute (rather than process) shrimp products receive additional

evaluation as potential sources of exposure? W
k o S ‘ h o -

Yes. It is my understanding that some shrimp are harvested from apparently d1§eased ponds in

- South America at very small size and then packaged whole in bags for direct sale in the US for

‘fish bait. The only processing these shrimp undergo is external washmg, packagmg in small

plastlc bags, and freezmg Many other shrimp products come into the US with the potentlal to be

carrying viral diseases and go directly into wholesale and retail distribution networks with little

or no additional processing and certainly none that would affect the viability of any viruses they
may carry.
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13. After considering the sources addressed in the shrimp virus report, what sources other than
aquaculture and shrimp processing are most critical for evaluation in a risk assessment of shrimp
viruses? Given time constraints, which of these should be the focus of discussion at the
workshop?

The most important other potential source of some virus infections that deserves considerable
discussion at the workshop, in addition to aquaculture, shrimp processing, shrimp importation
and retail sales, is the local wild stocks themselves. Evidence is mounting that there is
widespread occurrence of a “white spot complex virus” in crustaceans, including penaeid shrimp,
in US South Atlantic waters, and that this virus has moved from the wild into culture facilities.
Whether the virus has been in the wild for a long period of time or was introduced only relatively
recently needs much further study. It may well be that there are a number of viruses naturally
occurring in native wild shrimp populations, and that these could affect aquaculture operations
and/or wild populations.

14. Is manufactured shrimp feed a potential virus source, or is the processing temperature
sufficient to rule this out?

I believe that feed should be considered a potential virus source until ruled out by testing for
viable virus particles. Not all feeds provided to aquaculture operations in this hemisphere are
likely to be processed at high temperatures, and it is quite possible that some lots fail to get
cooked as much as they should. Experimentation should be undertaken to resolve this question.
For example, one might incorporate some shrimp tissue known to be infected with virus into the
shrimp feed preparation and then process it as normal. The final product tested would then be
tested for the presence of viable virions.

Stressor effects

15. How should the available evidence concerning the effects of introduced viruses on wild
shrimp populations be interpreted? (For example, what was the role of IHHNYV in the decline of
shrimp populations in the 1980's in the Gulf of California? What about TSV release from
aquaculture into the wild in South America?)

I have seen no evidence that conclusively links an outbreak of virus disease in aquaculture
operations with failures of a local wild stock, although the potential for such effects certainly
appears to be present. The problem with the correlation of IHHNV with the decline of the
Penaeus stylirostris fishery in the upper Gulf of California is that it was a single factor
correlation, and other potential contributing factors apparently were not taken into consideration.
At this time, it seems impossible to determine just how much, if any, of the problem in that
fishery was the result of IHHNV. The situation with regard to TSV in wild stocks in South
America is even more confusing. It appears likely that the virus was spread by shrimp farms, but’
it originated from the wild somewhere, perhaps in South America, perhaps elsewhere. Clearly
the virus is widespread now in wild stocks in much of the region, but I do not know if there is
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_sufficient evidence to determine whether it existed in these same stocks prior to being observed

on shrrmp farms or not. Also, I am not aware of whether there are data on the w11d stocks, either

- from the fisheries themselves or from fishery-independent surveys, that suggest any collapses of

local populatrons in assoc1at10n with observat1ons of the v1rus in the w11d ‘
i
. : ‘
16. There is presently a lack of basic data on background levels of pathogenic shrimp viruses in
wild shrimp populations in U.S. waters. How should this data gap be evaluated in a risk

assessment?

I beheve that an 1mmed1ate effort must be made to at least partrally fill thrs data gap before any

. realistic assessment of risk can be completed. This is probably the most pressmg need.

]
17. How can changes in wild shrimp populations be used to interpret the effect (or lack of effect)
of introduced shnmp v1ruses‘7 How could shrimp populat1on models be used in the future‘7

ks ' tlt ‘w . ! l‘ .
This w111 be very dlfﬁcult over the short term. Wild shnmp populatrons are notonously vanable

. pnmanly in response t0 environmental factors. Unless one sees somethmg l1ke a catastrophic

decline in population abundance at the same time that environmental factors are considered
good” for shnmp — and one has reliable data on incidence of one or more v1ruses in the wild
population, with associated and evident pathology — it will be very difficult to draw firm cause-
and-effect conclusrons It may be possible to use one or more of the existing empirical shrimp
populatron models to estimate an effect of a virus outbreak in a wild population, if the model has

'a good track record of predlctmg effects of environmental factors and then something occurs in

the populatron that makes the predicted value considerably different from the observed. At best,
however, tlns would be an indicator, not a clear signal of cause.

18. How important are potential viral effects on non-shrimp species?

Very, but they may be difficult to evaluate in the short term.‘

ehensive risk assessment and research needs
. . |

- 19. How will a comprehensive risk assessment contribute to management of the shrimp virus

. and settmg pnonnes for research development and management act1v1t1es

problem, i.e., will it add significantly to the information presently available?

l
I do not know if it W111 add to the information avallable but it will certamly result in a synthesis
and assessment of the currently available information that will be of great use to many involved

“with the shrimp virus problem. Agencies such as the one I work for (the SC Department of

Natural Resources) will undoubtedly use the risk assessment in formulatrng regulatory policy

|

- 20. What type of assessment should be conducted next (e.g., quantitative risk estimates using

- shrimp population models), and what would be the likely time frame and cost?
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Quantitative risk assessment is clearly needed, but much more data than is currently available
will be needed before beginning such. A badly flawed quantitative assessment based on poor
data would likely do more harm than good. I have little experience in this area, but would guess
that a minimum time frame would be 5 years, with a cost on the order of $5-10 million over that
period.

21. Should a future risk assessment consider the risk reduction potential of a range of treatment
options associated with specific exposure scenarios?

Yes. As much as possible, note of such treatment options should be included in the present
qualitative risk assessment.

22. Summarize the critical research needs for completing such a risk assessment?
- A comprehensive evaluation would take much more time than I have at present, but the
following are some of the most pressing needs.

a) Further refinement, testing and validation of diagnostic techniques for the viruses in
question, coupled with development of more user-friendly techniques that could be used on a
broad range of kinds and numbers of samples.

b) Development of a reliable and detailed data base on the incidence and effects of
viruses in wild shrimp populations and populations of other near-shore and coastal crustaceans.
This should include identification and examination of archived samples from as many years ago
as practical.

¢) Development, testing and demonstration of reliable and cost-effective methods for
treating infected aquaculture facilities, including large outdoor ponds, to eradicate shrimp viruses
and prevent escape to the environment.

d) Based on studies from other fields (e.g., insect population studies), as well as direct
observation and carefully crafted experiments, determine the likely effects of shrimp viruses in
wild populations.

€) Experimentally evaluate the potential for acquired “immunity” or accommodation to
the viruses in question by captive shrimp.

f) While not a research issue per se, one of the most pressing needs is for a standardized
process and bureaucratic mechanism for inspection and certification of brood and seed stock
shrimp for distribution around the country to aquaculture facilities.
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Max D. Summers
. December 18, 1997

Prelnmna.ry response to “Charge to Pane! Members”
A Diagnostzc techniques for shrimp pathogens '

1). How good arc the diagrostic techniques relative to epeczﬁaty and sensmmy"
2) Can these detection and xdcnnﬁcauon t&sts be equally applied for all palbogens of .
- concern?
3) With the diagostic tests avaﬂable whax is the level of detection and identificatiod
' suitsble for rchablc risk asscssment {cadpoint) analysm ? .

B. Witk highty sensi:ive, specific and reprodacible nostic teclzmques,
one can more guantitatively ami qualitatively deve%ap JSeasible nsk
assessment data for: .

A Mqrmgenzer:t ‘goals, conceptual risk models:

. 2. Potential to spread to U.S. shrimp populations. -
3. Potcnual to sptcad to “non-host” populatnons S

: B V‘ral "SIressors and factors regzdarzng shnmp pvpulatzom.

4 Correlation of empirical laboratory data wrth vuus mfectmn and sprcad in wﬂd
" popilations.

S “The development of disease resistance.

6. The effects of natural and non-viral anﬂ:ropooemc mﬂuenccs for virgs

: ' introduction and spread. -

7. Potential effects on human health, -

8. The m'edib:my and reliability of shrimp virns dxagnostws - this area noods a
constructively critical and comprehensive assessment by '

" epidemiclogists/epizoologisit who are expert in these apphcanons for
monitoring experimental and natural populations of ainimals and man. 1
would suggest a team. of individuals workmg with shrimp pathogens and
those who are expeit and knowledgeable of predicting potential for )
Patbogen introduction and spmd in hnman populanons

:' C ' Viral pathwayv and sources:

10 Dxagnosuc tools are key to evaluatmg the potenhal for viras sprcud in exposed
. shrimp populahons N

" D. Comprehensive risk assessment and research needs

22. A critical assessmient of diagnostic techniques; and the program of how such is
to be uscd and implemented to detect/identify the target pathogen in any -
potennal source of introduction and spread within popnlahons .
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Comments on the Shrimp Virus Report Suzanne M. Thiem
Associate Professor
- Depts of Entomology and Microbiology
Michigan State University

Management goals, assessment endpoints, and the conceptual model

1. The stated management goal is "Prevent the establishment of new disease-causing
viruses in wild populations of shrimp in the Gulf of Mexico and southeastern U.S. Atlantic
coastal waters, while minimizing the possible impacts on shrimp importation, processing
and aquaculture operations.” From the material presented in the report, this goal seems to
be too narrow. It appears that the presence of diseased shrimp in aquaéulture ponds and
importation and processing of diseased shrimp, in particular, could negatively impact native
shrimp populations in many ways. A broader statement, such as "Maintain the health and
ecoldgy of wild penaeid shrimp populations in the Gulf of Mexico and southeastern U.S.
coastal waters, ..." would encompass non-viral shrimp diseases as well as other stressors.

2. The assessment endpoints established for this report are:

Primary: "Survival growth and reproduction of wild penaeid shrimp populations in the
Gulf of Mexico and southeastern U.S. coastal waters."

Secondary: Maintain? Preserve?."Ecological structure and function of coastal and near-
shore marine communities as they affect wild penaeid shrimp populations.” (this is nota
sentence)

The primary assessment endpoints seems appropriate at this time since it should be a
reasonable indicator of the impact of viruses as well as other stressors on natural shrimp
populations and provide at least minimal feedback on the health of the ecosystem. However
if shrimp population declines are observed, this endpoint can not distinguish if virus
infection is the reason for the decline. As for the second endpoint, I'm not sure how it
could be measured.

3.1 would agree that the scope is probably too narrow, even if the primary concern is the
health of the native shrimp populations and/or other fauna. In addition to the issues of other
shrimp diseases and exotic shrimp species- other factors impacting coastal waters such as
development and seafood production certainly should be considered since they can effect
nutrient and oxygen levels in the water, temperature, etc. If the shrimp or other organisms
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are stressed they also may become more susceptible to dxseases mcludmg introduced or
naturally occurnng pathogens ‘
‘ |
Viral stressors and factors regulating shrimp populations | |
4, Studies were cited about the transmission of several of these viruses to different shrimp
species and to other crustaceans as well as other arthropods, yet without further knowledge
of how these transmissions were evaluated, it is impossible to Judge t_he value of these
results for risk assessment. Specifically, it is often possible to transmit a disease in
laboratory situations but not in a natural situation. Thus, in the natural env1ronment itis
not clear how susceptible native shrimp species are to the viruses 1nfect1ng non-native
~ shrimp species. Also with a few exceptions, viruses tend to be spec1ahzed generally
having relanvely narrow host ranges. However, since these shnmp spe01es are related they
'may well be susceptible and possibly even more sensitive to viruses from other locales.
Without evaluating the methods used to obtain the data, in particularly how the virus input
and vuus from the resultmg infections were validated, I am suspect of reports of
' transmission to other organisms such as crabs. Laboratory results can certamly give
basehne data and in particular demonstrate if transm1ssmn is p0331b1e- but can not
accurately pred1ct outcomes in natural situations. Lﬂcewxse an mtenswe aquaculture
operation is quite different from a natural situation. For example to become infected a
shrimp would have to encounter the virus, yet we don't know the d1stnbut10n of viruses in
the natural habltat or how likely it would be for the host to come in contact. In an intensive

|
aquaculture system the spread of viral disease is greatly enhanced.

|
5.1 don t lmow if shrimp can or will develop "immunity" to virus diseaSes— little is known
about i 1m une responses of mvertebrates to viruses and they lack the 1mmunolog1cal

memory of vertebrates However it is posmble that resistant populauons will develop

6. Otherr streSSors surely have an impact on shrimp populations and I béﬁeve it will be
difficult to separate the impact of these factors from the risks of viral stressors.

7. It is highly unlikely that these viruses can effect human health. Viruses co- -evolve with
their hosts and become highly adapted to parucular hosts G1ven the tremendous |
evolutionary distance between vertebrates and invertebrates (approx. 540 million years) it is
improbable that these viruses could infect humans or other vertebrates even by mutating.
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8. I am not familiar enough with the identification techniques used for identifying these
viruses to make a judgment on their reliability. .

Additional comments on viral stressors: Are these viruses really new? These viruses are
described as new or exotic throughout the report. However, from the material presented
I'm not convinced that similar viruses are not already present in native shrimp populations,
but data to support or refute this idea are lacking. If some of these viral diseases are
detected in native populations how will we know if we are detected a domestic cousin- or
an exotic variety? Viral disease outbreaks can be expected to occur when populations are
crowded since virus levels can be amplified and spread, as they have in aquaculture
operations in Asia and South America. If native species were grown in high density
aquaculture, disease outbreaks from native pathogens would be expected, particularly if
appropriate sanitary/hygienic procedures were not routinely applied. -

Viral pathways and sources
Aquaculture

9. There is not sufficient information on virus infections in wild shrimp populations to
support or refute the importance of the aquaculture operations as source of virus infection
in wild populations. However, aquaculture is one of the most likely potential source for
virus inoculum because large amounts of virus can be produced during disease outbreaks.
In addition, other diseases such as bacterial, fungal, or rickettsial diseases, have the
potential for adversely affecﬁng native shrimp populations as much as viral diseases. Again
high density aquaculture could provide a means of amplifying these diseases as well and
increasing the risk of their spread to native populations.

10. There is not enough information to determine if shrimp in aquaculture can infect wild
populations. The two most important factors for the infection of wild animals by diseases
of domestic animals are the probability of exposure and susceptibility to the disease agent.
In the case of shrimp neither of these parameters are well characterized.

Shrimp processing

11. There is insufficient information to support or refute the claim that processing virus-
infected shrimp is a source for viruses infecting native populations. However the practice
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of someshnmp producers to harvest and ship diseased shrimp makes this one of the more |
' ' ' " o ' '

likely sources for virus contamination of native shrirup populations.

12. It seems less hkely that shnmp in the retail drstnbuuon system would bea substanttal
source for virus exposure of native species than aquaculture or processmg since it would be

 less hkely that viruses from this source would enter the coastal waters ‘

E———

Other potential sources and pathways
|

‘ ‘ |
: o
13. Of the other sources mentioned in the report, bait shrimp and ballast water are the most
likely v1rus sources that could impact native populations. However unhke aquaculture and
shrimp processmg operatrons that process imported shrimp that may be diseased, virus

levels from these sources are unlikely to be as hrgh

14. Not enough information on the manufacturmg of shrimp feed was grven to evaluate its
potential as a virus source. The report stated that shrimp meal was not heated enough to kill |
viruses and it was added to feed. But it is not clear how extensive the use of this shrimp
meal is for feed stock for shrimp aquaculture. In any case, it would 1mpact aquaculture
primarily. Thus, its unpact would be secondary— increasing infection rates in aquaculture
leading to greater risk of exposure of native specres from this source (see #9).

Stressor effects W
|
15. What is the impact of shrimp viruses amplified in aquaculture on natural populations in
Asia and South Amenca" Since these viruses are pathogens of the natrve species, I would
expect that if there was srgmﬁcant transmission of disease from aquaculture (or other
sources) to native populattons it would be observed in these s1tuat10ns resultlng in greater
mortahty from virus than would normally be observed in the absence of aquaculture
opperations. The one cited example of shrimp decline from IHEHNYV in the Gulf of
Cahforma was disputed by Dr. Alvarez, Instituto Nacional de la Pesca, Mex1co, who
suggested other causes for the decline. Another report by C.R. Laramore on viruses in
‘native shrimp populations in Honduras following TSV outbreaks in aquaculture showed no
noticeable effects on the native populations. These data are not sufﬁcrent to make any
conclusions on the effects of introduced viruses on native populauons Both are correlative

but not conclusrve ‘




Suzanne M. Thiem

16. Due to a lack of knowledge about native pathogenic viruses, I would approach the risk
assessment conservatively by assuming a minimal impact of native viruses until more data
is available. Thus until it can be shown otherwise assume virus infection observed is from
introduced viruses. That way risks from introduced viruses would be less likely to be
underestimated.

- 17. Shrimp population data could be used in monitoring the overall health of the shrimp
populations, but additional data on virus loads within the population is needed to make any
correlations with virus impact. To get a good handle on the effects of virus vs. a multitude
of other stressors a database should be developed over time that includes populations,
pathogen loads from sampled specimens, and physical data such as temperatures, dissolved
gases, etc. This type of data may be currently available sans the virus loads. This would
help determine the impact of various factors on shrimp populations and make it possible to
develop shrimp population models that could be used to more accurately evaluate the effects
of different stressors including viruses.

18. Shrimp viruses could impact non-shrimp species in two major ways. First, shrimp are
an important link in the food web, severe losses of shrimp from virus infection (unless
other species fill their niche) would impact shrimp predators. Secondly, if these viruses do
indeed infect other species they could have a direct impact on these species. It is difficult to
judge how big or important these impact would be since it would depend on the extent of
the viral disease and the magnitude of the loss. Again there is a major data gap on how
these viruses are transmitted in natural conditions as well as their persistence in the
environment..

Comprehensive risk assessment and research needs

19. A comprehensive risk assessment is a good idea. Clearly shrimp viruses, previously
identified in foreign aquaculture operations, are present in both domestic aquaculture
Qperatiohs and in imported shrimp indicating that they are a potential risk to native shrimp
in our coastal waters. A significant problem in assessing the magnitude of the risk is the
lack of good data on a number key issues. A comprehensive risk assessment will serve to
identify and prioritize these gaps. As I see it the greatest uncertainties are biological,
particularly as it relates to exposure of native populations and possible establishment of
these viruses in the wild.
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20. I'm not sure what retrospective data is available on native‘shrimp populations, but it
would appear to be necessary to draw any conclusions about the 1mpact of viruses vs. other
stressors on shrimp populations. I'm also not sure what type of model could be developed
with so little knowledge of the virus distribution and life cycle Cost? I don't have the
expenence to begin to estimate the cost of such an assessment. A ttered assessment might
be a more reasonable approach That way quahtatlve estimates of risk could be used until

suffi crent data were available to get a better quanutanve nsk assessment.

21. It would be prudent to consider treatment options to reduce the rislc of exposure.

22.In my esumatton the most critical research needs for a risk assessment for exposure to

shnmp viruses are their hkely nnpact on shrimp populations: 1) Determinin g the likely

chance for exposure in the wild from any exogenous v1rus source. ThlS would include the

fates of viruses that are released into environments, such as hkely locatmn in the water

column with relationship to locations of susceptible shrimp populauons, the length of virus

viability in natural habitats, and the viruses mode of entry into hosts. 23 Determining the

. susceptibility of native shrimp species under natural conditions, mcludmg which
developmental stages are most susceptible. 3) The nature and extent of viruses in wild
shrimp populauons in coastal waters, including "native” and putative mtroduced viruses

" needs to be. assessed This may requ1re development of new d1agnost1c and survey
techmques |

Other c“g‘wmrn‘eng, If viral pathogens in insects are used as a model for shrimp viruses,
disease outbreaks (epizootics) are generally cyclic are correlated with h1gh msect population
densities. Because viruses are obligate parasites their levels can only i mcrease when they
infecta suscepnble host. Viruses in the environment are gradually macttvated so that only
low levels remam Therefore the probability of an insect encountermg an infectious virus is
low and if an insect does become sick and die, the probability of another susceptible insect
encountering the diseased insect or amplified virus is also low. However, when host

Suzanne M. 'I'luem o

-densities are high the insect that is infected by chance encounter and becomes sick will be in

close contact w1th addmonal susceptible insects wh1ch a]lows the v1rus to be amphﬁed and
- spread extenswely within that population leading to a populauon crash and the deposmon
of large quantmes of v1rus in the envuonment Release of h1gh amounts of virus (naturally
or amﬁcm]ly) into the env1ronment increases the chance that a suscepttble host will come in
contact w1th the virus and become infected even at low host densmes




Gerardo Vasta
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- SHRIMP VIRUS REVIEW WORKSHOP

A) MANAGEMENT GOALS, ASSESSMENT ENDPOINTS AND THE

CONCEPTUAL MODEL

' (1) How does the management goal reﬂects the dlmensmns of the

“Vshnmp problem" Overall, the management goal rcﬂects qmte adequatcly the d1mens1cms
of the shnmp problcm to be addressed in the short term. The proposed ecoIogu:al risk |
. assessment concerning shrimp viruses is appropriate because the potential thrcats to the
" natural ecosystems and the shrimp mdustry are both serious and urgent. These potentlal
threats to US native wild shnmp populations from nOmndxgenous shnmp vmlses arises

from possible escapes of xmported shrimp and insufficiently treated efﬂuent from
aquaculture facﬂmes, shrimp processing solid waste and effluents, scavenger sea buds

baxt for recreational ﬁshmg, human waste/sewage, ballast water and othcrs It is also well
“documented that under both experimental and natural conditions, shrxmp vu'uses can infect
 various shrimp species and other crustaceans. Therefore, the potential for Qangm;551on of

these viruses, principally from aquaculture and prgcessing operations to naiive wild
crustacean populations, although not yet well documented, should be a serious concern.

(2) Some have suggested modifying the assessment endpoints to
emphasize potential risks of shrimp viruses to non-shrimp organisms and

‘the larger estuarine ecological system, or, alternatively, the aquaculture

industry. Please, comment on the assessment endpomts as the focal point

for the ecologxcal risk assessment' The potential neganvc effects of vxruses on

shrimp wild populanons, organisms other than shnmp, and the ecosystem as a whole, that
may result ﬁ'om the aquaculuue and processmg industries and other factors, are relevant
and worth addressmg w1th urgency, In fact, the consensus among the envuonmentahstb

“seems to be that protection of wild shrimp must take precedence over shnmp aquaculture,
“and clearly, a substantial industry in the Gulf coast is based on domestic mp fisheries.

However, the success of imported shrimp processing and mariculture operations in
satisfying the consumer demand for shrimp (70-80% of the shrimp markét);, may alleviate
the pressure on wild shrimp populations, food webs and the ecosystem as a whole.
Furthermore, it shonld be considered that many marine ecosystems have been transiently or
permanently damaged by commercial fishing practices, and current shrimp ﬁshmg methods
may have similar environmental effects. Becanse of greater efﬁclency and potenual to

control its envxronmental effects, food farming is now preferred to food capture Thus, the
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risks associated with shrimp viruses on wild shrimp populatjons, shrimp mariculture and
the ecosystern as a whole, should cventually be assessed as an integrated injtiative. What is
badly needed are (a) the resources to conduct monitoring at the three assessment points (b}
the tools to carry out the monitoring (¢) to interpret the data as a coordinated effort in order
to truly undesstand the sources and pathways of the disease agents, In the long term, US
native species may be selectively bred and genetically improved to become useful
mariculture species, avoiding the need of farming nonindigenous species. In fact, thereis a
precedent of this possibility in the attempts to farm P, setiferus in Texas.

(3) It has been suggested that the scope of the proposed risk
assessment is t00 narrow and that it should be broadened to consider the .
impacts of such stressors as alternative land uses and seafood production
methods in coastal areas. Please comment on this suggestion. If the risk
assessment does not address the need to preserve and improve coastal current mariculture
operations, we should be prepared to accept the risk of increasing alternative food
production methods, such as shrimp trawling with the associated fish and turtle kills and
high pressure on the wild shrimp populations and, ultimately, on the food webs. If coastal
shrimp farming is to be stopped, alternative agricultural land uses that would produce
runoffs with fertilizers or chicken/pig feces could have serious environmental impacts such
as the algal blooms, including the Pfiesteria piscicida outbreaks, observed on the Atlantic
coast. Any use of coastal land will have an impact on the coastal marine ecosystern and
appropriate land use policies, such as the establishment of buffer zones, and rational
management practices should be developed in order to minimize the impact.

(B) mL STRESSORS AND FACTORS REGULATING SHRIMP
POPULATIONS

~ (4) How relevant to virus effects on wild populations is information
on infectivity and effects that is derived from laboratory or intensive
aquaculture gperations? The contributions of scientific research to several of the issues
under consideration, represent the only body of evidence on which a solid base for a risk
assessment initiative, and clearly indicate that this information is not only is very relevant,
but much more of it is needed to claborate a useful risk assessment. Needless to say that
like in both the laboratory or pond setting, experiments have to be correctly designed,
adequately controlled, and the data interpreted with caction. In the absence of reliable field




data on wild shrimp populatmns, the aforemmﬁoned expenmcntal approach someums
consnmm the only source of knowledgc we can rcly upon.

|

Although the laboratory conditions may not exactly replicate the changing “
envxronmcntal conditions, most variables can be manxpulated and controfled in a way that

: ; ntal condmons that are not very ﬁequently observed can be ”

“ lting data can then be used to gain insight in problems of mfoctmty of
nonmdxgenoug wfuges for native shnmp spemes in the environment. Native specics such as
P. setiferus, P. aztecus and P. duorarum can be infected experimentally with IHHNV
under laboratory ndmons, by mJchQn or by offenng virus-infected tissues as sole food
source. Experimental studies demonstrated that P. setiferus, but not P. aziecus or P
duorarum, could be killed by TSV. Furthermore, it was concluded that the three US. native
species can serve as carriers of reservoir hosts of TSV without necessarily exhibiting
disease (Overstrest et al, 1997). Although disease or mortalities did not necessarily ocour
in all the experimental animals and, therefore, it cannot be concluded that infection, disease
or mortalities will happen in open waters, the potential risk of this event taking place cannot
be ignored. Infection or a carrier status, should be considered a determinant factor that
uinderscores the possibility that these viruses may have detrimental effects in native shrimp
species and the environment overall. Stressful environmental conditions affecting infected,
although not diseased shnmp may determine different outcomes. Adﬂmoually, mutation of
the established virus may lead to more virulent strains in an unpredictable manner. The
genetic susceptibility of cultured P. vannamei to infectious HIINV and Baculovirus, penaei
has been recently exammcd and the pos31ble mlanonshlp wuh growth status and metabolic

gene expression characterized (Almvar-Wanen etal, 1997 ). The transmission of viruses in

the wild shrimp populaﬁons is a documented fact and experirnents can be dcsxgned to
‘determine the viral doses that may lead to infection in open waters. Therefore, the
laboratory experimentation has revealed the potentxal threat of exposure of native speciesto
‘nonmdigenous vituses, and it should be considered as the first step of 2 process that ‘
‘ gcnmtcs thc scxcnuﬁc knowledge neccssary to develop nsk assessment and management
strategies.

Results obtained from intensive aquacultime operations are very mlc.vant, -
particularly in the absence of detailed field information on the wild populanons Although
the aquacnlmre setting, particularly under high density rearing, is stressful in nature, it is
‘important to understand the potential risks for the native species under those stressful
‘conditions. For examplc, pond trials have yielded conrrovcrsxal rcsults concemmg the risk




of TSV infectivity for native species, such as P. setiferus, as compared to P. vannamel..
In some studies, P. setiferus was not affected by the presence of TSV-surviving P.
vannamei or by the presence of TSV-infected P. vannamei in adjacent ponds. Studies on
the influence of salinity on the susceptibility of farmed P. vannamei to TSV, and the impact
of aguaculture on wild shrimp populations in Honduras, illustrate how intensive
aquaculture operations may be used to gain insight in viral infection and disease. However,
additional experimentation under controlled conditions in the laboratory and intensive
aquaculture operations will be necessary to establish the risk involved in cross-species
infectivity of nonindigenous viruses and disease.

(5) How likely is that exposure of wild shrimp pepulations to viral
diseases could lead to the development of immunity and reduced effects on
population survival overtime? It has been shown that some short term immunity in
arthropod species can be induced by challenge of with non-self materials, but overall,
invertebrates are not endowed with immune memeory and neither permanent nor long term
immunity has been demonstrated so far. Invertebrates lack a B cell/T cell/immunoglobulin-
mediated adaptive immune system, but are able to recognize and respond to non-self
substances at least as efficiently as vertebrates do. Invertebrates rely on non-specific innate
mechanisms that althongh may be inducible, only result in short-lived responses that in
most cases do not discriminate between individual pathogens. Therefore, responses
mounted by invertebrates to potentially infectious agents are mediuted by immune systems
only in the sense that they resemble qualitatively the “innatc™ or, “natural” iminune
responses of vertebrate myeloid cells and non-immunoglobulin, humoral components.
Passive immunization with rabbit antibodies against a luminescent Vibrio harveyi strain
820514 originally isolated from discased P. monodon, has been receatly studied and
results suggest and enhanced disease resistance in the treated animals for the first two
weeks (Lee et al 1997).

Invertebrate defense responses exhibit common themes such as phagocytosis and
encapsulation, but the underlying molecular recognition and effector mechanisms can be
considerably diverse. The best characterized components of immunity in the crustacea are
the glucan-binding proteins and lectins as recognition molecules, and the prophencloxidase
system and antibacterial peptides as effector factors. However, is not yet clear how the
various components interact in the internal defense system against viruses. Some of the
factors involved, such as a-2-macroglobulins, C-reactive proteins, an