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Dear Dr, Stauber:

Enclosed herewith is a copy of the Performance Standards for Safely Conducting
Research with Genetically Modified Fish and Shellfish developed by the Agricultural
Biotechnology Research Advisory Committee (ABRAC) which I chair. This was a
multi-year effort involving over 200 representatives of the aquatic research community,
industry, environmental groups, and natural resource officials.

Domestic aquaculture is a rapidly growing component of U.S. agriculture. Research and
development involving genetically modified aquatic organisms present special challenges
for assessment of environmental effects and, when necessary, appropriate containment
and control. Special credit goes to Dr. Anne Kapuscinski of the University of Minnesota
who chaired the ABRAC Working Group of Aquatic Biotechnology and Environmental
Safety. Dr. Kapuscinski deftly coordinated divergent views on diverse issues and
personally shepherded these performance standards through multiple revisions to their

final present form.

The ABRAC, at its meeting of June 26, 1995, approved the following three
recommendations concerning implementation of the performance standards.

1. The performance standards should be voluntary and their implementation flexible
enough that revised versions can be easily incorporated.

2. Convert the performance standards into a user-friendly computerized expert
system for dissemination to the aquatic research community and other interested

parties.

3. Sponsor a series of Federal/State workshops to introduce the performance
standards to aquatic researchers and State natural resource agency officials.
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The ABRAC appreciates the opportunity to develop these science based performance
standards for aquatic biotechnology research. ABRAC members sincerely hope that the
Department can implement the performance standards so that research and development
in this area can move forward and help to maintain the global competitiveness of U.S.

aquaculture.

Sincerely,

A I BT
Walter A, Hill, Chair

Agriculture Biotechnology
Research Advisory Committee
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INTRODUCTION

The growing consumer demand for affordable, high quality seafood and the need
to protect marine and freshwater resources from overharvest has led to increased
interest in aquaculture research targeted to improve performance traits in
economically important species and to address basic issues such as those related to
biodiversity and sustainable utilization of aquatic resources. Additionally, aquatic
organisms are increasingly used as model species for biomedical and
environmental pollution research. Advances in biotechnology provide new
opportunities for researchers to address these human needs and interests.

Purpose

These voluntary Performance Standards are intended to aid researchers and
institutions in assessing the ecological and evolutionary safety of research
activities involving genetically modified fish, crustaceans, or molluscs. Where
the need is identified, they are also intended to aid researchers in developing
appropriate risk management measures so that the research can be conducted
without adverse effects on natural aquatic ecosystems. By helping investigators to
systematically address limited knowledge and manage risks, if any are identified,
the Performance Standards are intended to expedite research and development
involving genetically modified aquatic organisms. They are not intended to
impede investigators from proceeding with such work.

As is the case for planning all research activities, scientists must consider the
safety/risks of their research, and appropriately design and manage their research
to minimize adverse effects. The scientific community would benefit from
technical guidance that addresses the assessment of specific safety concerns for
research with genetically modified fish, crustaceans, and molluscs and that
provides scientific principles of safe research management. Technical guidance
that has broad support throughout the scientific community would help stimulate
the research needed for aquaculture to meet growing consumer demands and for
addressing biomedical and environmental pollution problems by reducing current
uncertainty regarding acceptable standards for conducting that research. Such
standards also would assure the public that appropriate guidance is available to
the research community to address ecological and evolutionary safety concerns.
By focusing on the specific needs of research with genetically modified fish and
shellfish, these standards build on the approach of a more general document,
"Guidelines for research involving planned introduction into the environment of
genetically modified organisms” (ABRAC 1991).



Importance of fostering environmentally safe research

Facilitation of environmentally safe research, through use of these Performance
Standards, is particularly important because of three features of fish, molluscs,
and crustaceans. First, these research organisms are wild-type or nearly so.
These organisms are often hatched from gametes collected in the wild. To date,
the domestication of populations or genetic strains of aquacultural species is
insufficient to prevent escaped individuals from surviving under natural
environmental conditions. Second, the United States is the origin of diversity of
numerous fish and shellfish species that are of interest in research and
development involving genetic modification. Protection of this natural diversity
at genetic, population, and species levels is of paramount importance because
aquatic biodiversity in the United States has suffered dramatic declines (Miller et
al. 1989, Williams et al. 1989, Williams and Mulvey 1994, Norse 1994). Of the
remaining aquatic biodiversity (reviewed by Hughes and Noss 1992), 27% of the
fish fauna is endangered, threatened, or of special concern; nearly 50% of all
mussel species are currently listed or proposed for listing, as threatened or
endangered, under the Endangered Species Act; and two thirds of North
America's crayfish species are rare or imperiled. Third, many natural
populations of fish, molluscs, and crustaceans are themselves of tremendous
economic importance, ¢ither because of commercial fishing, sportfishing, or
other recreational activity. In other words, economic activity and importance is
not restricted to aquacultural stocks of fish and shellfish.

Research and development
These voluntary Standards are designed to apply to research and development

conducted in the public and private sectors using the applicable organisms
addressed below. Although information in the Standards may provide a useful
starting point for evaluating the environmental safety of intentional
environmental introductions in commercial aquaculture or in fisheries
management programs, these activities will require additional considerations
beyond those addressed in these Standards.

Flexibility of performance standards
The term "Performance Standards” appears in the name of this document to

convey certain attributes of the intended guidance and to distinguish the guidance
from that usually provided by a "Design Standard.” Performance standards
define endpoints or goals to be achieved, and they provide guidance and criteria
for achieving those goals. They differ from a design standard in that they are not
rigid and prescriptive. A performance standard provides flexibility to choose the
best and most appropriate method of achieving the goals and meeting the criteria.
To ensure this flexibility, performance standards are structured to accommodate
a dynamic, rapidly changing state-of-the-art.




Encourage research on environmental effects

For a number of research or development projects involving genetically modified
fish or shellfish, contemporary knowledge is insufficient to clearly determine if
the project is environmentally safe. The Performance Standards are designed to
identify such cases and provide recommendations on how to conduct
appropriately confined laboratory experiments or outdoor experiments.
Application of the Performance Standards should encourage the conduct of safe
research to address important information gaps about environmental effects of
particular genetically modified fish and shellfish and facilitate safe development
of these modified organisms. Refer to Hallerman and Kapuscinski (1993) for
further discussion on conducting confined research on environmental effects.

Environmental Safety

These Performance Standards only address issues related to environmental safety
with respect to genetic effects on natural populations of aquatic organisms and
ecological effects on aquatic ecosystems. Researchers needing guidance on issues
related to food safety should consult the U.S. Food and Drug Administration and
published guidelines, such as the recent publication of the Organization of
Economic Cooperation and Development, "Safety Evaluations of Food Derived
from Modern Biotechnology: Concepts and Principles” (OECD 1993). However,
when questions of food safety are outstanding, researchers may find the risk
management recommendations useful (see Section VI of this text). If approval or
execution of the project is a federal action requiring compliance with the National
Environmental Policy Act (NEPA), the completed worksheet (described below)
could be the basis for NEPA documentation on environmental effects.

Certain states and many institutions require that experiments involving organisms
bearing recombinant DNA molecules comply with the National Institutes of
Health (NIH) "Guidelines for Research Involving Recombinant DNA Molecules”
(NIH 1994), including the most recent amendments {e.g., NIH 1995), and be
approved by an Institutional Biosafety Committee, biosafety officer, or other
body. All federally-funded research must comply with these NIH Guidelines. In
initiating projects involving organisms bearing recombinant DNA, researchers
need to contact their Institutional Biosafety Committee or biosafety officer for
guidance on complying with NIH Guidelines. These Performance Standards are
intended to further assist all researchers working with fish and shellfish in
complying with the NIH guidelines and good safety practices. (See the related
discussion in section VI "Risk Management Recommendations: Project Siting,
Design, Operations, and Review” under the sub-heading "Review prior to start-up
of project.”)



Components of the Performance Standards

The Performance Standards consist of three interrelated documents. First, the
Flowcharts provide the decision making pathway for assessment and
management of research projects. Second, the Supporting Text (this
document) provides scientific background for the questions and alternative
decisions in the Flowcharts, presents more detailed risk management
recommendations, and provides a glossary of scientific terms and other
supporting appendices. In navigating through the Flowcharts, researchers need
only read the portions of the Supporting Text below that correspond to
flowcharts and questions applicable to their project. Third, a Worksheet, once
completed by the researcher, traces a researcher's decision path through the
Flowcharts, provides supporting documentation for these decisions and, where
appropriate, describes the rationale for the project’s risk management measures.

Conversion to an expert system
The ABRAC Working Group on Aquatic Biotechnology and the full ABRAC

have recommended conversion of the three components of the Performance
Standards into one interactive, computerized decision support tool. The U. S.
Department of Agriculture, Office of Agricultural Biotechnology has a prototype
computerized version and is exploring full conversion. A computerized version
would be less cuambersome because the user responds to prompted questions on a
screen instead of leafing through various printed flowcharts. Explanatory text,
literature citations, and a glossary would be accessible from any point in the
decision making path. The computer program automatically generates a trace of
the user's path through the decision questions, thus automating completion of
most of the Worksheet. A computerized version of the Standards would be easier
to update and disseminate.

OVERVIEW OF PERFORMANCE STANDARDS FLOWCHARTS

The Flowcharts begin with an Overview that schematically summarizes the major
pathways. If the Performance Standards are applicable to the genetically
modified organism (GMO), as addressed in Flowchart I and supporting text, the
researcher is directed to one of three assessment pathways. GMOs produced by
deliberate changes to single genes are first assessed (Flowcharts whose title begin
with II.A), but the questions are designed to also assess cases where the GMO
contains both single gene modifications and other modifications (chromosomal
manipulation or interspecific hybridization). If the pathway for deliberate gene
changes is bypassed, the researcher is directed to assessment of deliberate
chromosomal manipulations (Flowcharts whose title begin with I1.B); the
questions are designed to also assess cases where the GMO results from
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chromosome manipulations and an interspecific hybridization. If this latter
pathway is bypassed, the researcher is directed to assessment of interspecific
hybrids (Flowcharts whose title begin with IL.C).

Each assessment pathway begins with Survival and Reproduction Assessment
(Flowcharts whose titles begin with II or III). This portion of the assessment
poses questions that are easier to answer, in most cases, than the questions that
appear later under Ecosystems Effects Assessment (Flowcharts whose titles start
with IV. or V.). Use of Survival and Reproduction Assessment leads the
researcher to one of four possible conclusions:

1. a specific risk is identified and the researcher is led to Flowchart VI.A which
guides management of that risk;

2. information is insufficient to answer an essential question in the assessment, so
the researcher is directed to risk management (Flowchart VI.B);

3. a specific reason for safety of the research is identified and the researcher is
directed to EXIT the Standards; or

4. additional information is needed to determine risk or safety and the researcher
is directed to proceed to the appropriate section of Ecosystem Effects Assessment.

Questions posed under Ecosystem Effects Assessment require more knowledge
about evolutionary and ecological issues than the earlier assessment questions.
This section addresses the overarching question: if GMOs did end up in an
accessible ecosystem, are adverse effects possible or is there a specific reason to
rule out such concern? Use of this section leads to one of the first three
conclusions listed above. Thus, certain projects will EXIT the Standards whereas
others will proceed to risk management (Flowchart VI.A or VI.B).

I. APPLICABILITY OF PERFORMANCE STANDARDS

Researchers begin by using Flowchart I to quickly determine whether or not the
Performance Standards apply to the research organisms in question. If the '
conclusion is that they do not apply, then the researcher has completed voluntary
compliance with the Standards and exits at this point. If the conclusion is that the
Standards do apply, researchers should proceed to subsequent flowcharts as
directed. However, if preliminary perusal of the relevant flowcharts indicates
that researchers lack most of the required information, they may wish to proceed
directly to flowchart VI.B., which guides risk management when there is
insufficient information.



All subsequent Flowcharts are designed to address organisms with a dioecious
mode of reproduction because this is the most common mode among species of
finfish, crustaceans, and molluscs. In cases of research involving organisms with
non-dioecious modes of reproduction, researchers are directed to Appendix B for
specific guidance. Two non-dioecious forms, self-fertilizing hermaphrodites and
true parthenogens, can establish an entire population from one accidental escapee.
Researchers working with such organisms need to consult Appendix B. Other
non-dioecious forms can be assessed with the Flowcharts provided that
researchers follow the general guidance given in Appendix B.

Regarding finfish, all subsequent Flowcharts and Appendix B apply both to non-
bearers and bearers (see glossary definition for bearers). If the proposed project
involves a bearing species, particularly an internal bearer, users should keep in
mind the following issue when answering questions on all subsequent Flowcharts.
Escape of a single, bearing adult fish could result in eventual release of an entire
brood of progeny from the one adult, thus increasing the possibility of
establishing an entire population of genetically modified descendants.

Applicable Organisms

Genetic modification may alter attributes of the organism that affect its
interaction with its environment or create new attributes that affect its safety as
addressed by questions in the Flowcharts. Any proposal to create or use
genetically modified aquatic organisms should characterize: the method of genetic
modification; the molecular characterization (where possible) and stability of the
modification; and the expression, functions, and effects of the genetic
modifications. Although the process of modification alone is not a determinant of-
risk or safety, such information can facilitate a determination of whether the
modification decreases, increases, or has no effect on environmental safety.

Except as listed in the next section below, the standards apply to freshwater and
marine finfish, crustaceans and molluscs whose genomic structure has been
deliberately modified by human intervention. In order to direct researchers to
appropriate questions and circumvent unnecessary questions in subsequent
flowcharts, Flowchart I refers to three categories of deliberately induced changes
in genomic structure:

(1) Deliberate Gene Changes - including changes in genes, transposable
elements, non-coding DNA (including regulatory sequences), synthetic
DNA sequences, and mitochondrial DNA;



(2) Deliberate Chromosomal Manipulations - including manipulations of
chromosome numbers and chromosome fragments; and

(3) Deliberate Interspecific Hybridization (except for non-applicable cases
discussed below) - referring to human-induced hybridization between
taxonomically distinct species.

Non-applicable Organisms

The standards do not apply to organisms whose genomic structure has been
modified by humans solely by the following means:

(a) intraspecific selective breeding by natural reproductive processes or
intraspecific captive breeding, including use of artificial insemination,
embryo splitting or cloning; and

(b) interspecific hybridization provided that (i) the hybrid is known to be
widespread because it occurs naturally or has been extensively introduced
(e.g., through stocking) in the environments accessible to organisms escaping
from the research site, and (ii) there are no indications of adverse ecological
effects associated with the specific hybrid in question.

Research projects involving genetically modified organisms which meet the
applicability criteria (see section above) will not necessarily require precautions
beyond those normally practiced in research. Some projects, depending upon
combined characteristics of the organism and accessible ecosystems, may be
found early in the assessment to have a safety attribute allowing exit from the
standards; 1.e., further use of the standards for the proposed research is not
necessary (see Flowcharts II.A, II.B, and I1.C).

Some organisms not included in the applicability criteria also may pose
significant environmental risk (e.g., exotic or nuisance species whose genome has
not been deliberately modified, or organisms bearing pathogens). Guidance
exists elsewhere to address these problem areas. Specifically, researchers should
contact the relevant state and federal natural resource management agencies
which have authority over fisheries resources found in the state where the
proposed research will occur. The fisheries staff in the state agency should
include a staff person who is knowledgeable about both state and federal
oversight of research with non-indigenous or nuisance species. It is not the intent
of these Standards to address all introductions of fish and shellfish species.
Rather, the intent is to provide specific guidance regarding the effect of
structural, genetic modification on environmental safety and to promote safe
research with such organisms.



Rationale for Applicable and Non-applicable Organisms

In defining genetically modified organisms for which use of the Standards is
appropriate, clear objective criteria were sought that can be readily applied a
priori to conducting a comprehensive risk assessment such as that embodied in the
Standards. The objective is to make the Standards applicable to those modified
organistns more likely to express novel hereditary traits or otherwise present a
new genotype for which there is very little familiarity and experience to predict
environmental safety.

A novel trait is one that does not occur in natural populations of the parental
species of the genetically modified organism. A novel trait may be (1) expression
of a compound not normally found in the species, e.g., antifreeze polypeptide in
Atlantic salmon, or the coat protein of infectious hematopoietic necrosis virus
(IHNV) in Pacific salmon; or (2) a clearly novel value in a quantitative trait, such
as changes in: a metabolic rate; reproductive fertility; tolerance to a physical
environmental factor; a behavior; resource or substrate use; or resistance to
disease, parasitism, or predation (Kapuscinski and Hallerman 1991).

Deliberate gene changes
A novel trait resulting from expression of a compound not normally found in the

species is most likely to be produced via addition or substitution of a gene,
chromosome, or chromosome segment; the latter two cases are discussed in the
section below on chromosomal manipulations. Gene transfer also may give rise
to mosaics in the parent generation with associated uncertainty about germline
transmission to progeny. '

A novel trait might also arise from alteration of copy number of genetic material,
such as expression of an introduced copy of a gene already present in the genome
of the host species (e.g., a gene for a hormone or other growth factor) if the new
gene copy is under novel regulatory control. Therefore, not only the structural
gene, but also the regularory elements of the introduced genetic construct are at
issue in determining whether or not the modified organism presents a novel trait.

The possibility of novel regulatory control of gene expression is also posed by
novel pleiotropic or epistatic effects of the introduced genetic construct. The
literature contains many examples of modifications where inserted DNA
sequences did not act in the new host as they did in the donor organism or where
alterations in one part of the genome caused surprising activity in other parts of
the genome. For example, novel pleiotropies of introduced genes have been
observed in genetically modified livestock (Marx 1988, Pursel et al. 1989).
Novel regulation of gene expression has been linked to altered methylation of



host regulatory elements (MacKenzie 1990), and is posed by trans-activation of
an inactive host gene by the action of introduced genetic elements.

Genomic rearrangements such as translocations and inversions occur randomly in
nature. They involve no new genetic material, although these rearrangements can
be deleterious and reduce the organism's fitness. Humans can deliberately induce
genomic rearrangements through the use of recombinant DNA technology,
ionizing radiation, radiomimetic chemicals, or other physical treatments. The use
of non-ionizing radiation, heat, or chemicals with subsequent targeted selection of
progeny is another way of producing modified organisms exhibiting ‘certain
desired traits. Deliberately induced targeted changes, depending on the resultant
phenotype, may present a higher level of risk than the random events occurring
in nature. Deliberately induced genomic rearrangements, on average, are less
likely to revert to the state that existed prior to the change and their impacts on
fitness are less certain, although the intent is to maintain high fitness of the
modified organism in environments of its intended use. Until there is improved
familiarity with the characteristics of finfish, molluscs, and crustaceans bearing
deliberately induced genomic rearrangements, it is considered prudent to proceed
to the next step in the Flowcharts so that potential risk can be assessed on a case-
by-case basis.

Deliberate chromosomal manipulations
Generally, the intended utility of producing chromosomally manipulated finfish

or shellfish (e.g., triploid and tetraploid organisms) is to improve desirable
product characteristics or to reduce environmental risk as a consequence of
sterility. The risks such organisms pose to natural ecosystems differ as a function
of their degree of: sterility/fertility and viability (see Flowchart I1.B.1),
involvement in mating behavior (see Flowcharts III and IV.C), and the nature and
degree of phenotypic change (see suggestion in Flowchart IV.C to use Flowchart
V). Further discussion of these factors appears in Hallerman and Kapuscinski
(1993). The process of chromosomal manipulation may yield a mosaic individual
in which some but not all cells, possibly even germline cells, contain different,
paternal chromosome fragments. This can occur, for example, when irradiated
sperm from the same or different species is used for chromosome-mediated gene
transfer, and the resulting fertilized eggs are then manipulated experimentally to
yield gynogenetic diploids (Thorgaard et al. 1985, Disney et al. 1987). This
makes it hard to predict the genotype and phenotype cf descendants.

Although the sterility offered by inducing triploidy in some aquatic species
reduces environmental concerns about a modified organism, the issue of safety is
complicated by three factors. First, the effectiveness of triploidy induction varies
among species and the methods used. Second, although triploids are functionally
sterile, the males may exhibit spawning behavior with fertile diploid females,



leading to losses of entire broods and lowering of reproductive success. Third, in
cases where large numbers of individuals are released, sufficient numbers of
sterile triploids may survive and grow for an indeterminate number of years
beyond the normal life span to pose heightened competition with diploid
conspecifics or predation upon otherwise invulnerable prey (Kitchell and Hewitt
1987). In some cases, such prey may be juvenile conspecifics. The assessment
path through Flowcharts I1.B.1, III., IV.C, and V. is designed to address these
three factors.

Tetraploid individuals in natural systems pose a potential risk through mating
with normal diploids, yielding all triploid progeny (see Flowchart II.B.1). Large
numbers of such matings, resulting in large numbers of sterile individuals in the
ecosystem, pose competition with and reduced reproductive success of normal
diploids, increasing the risk of extinction of the affected populations.

In spite of these potential concerns, induced sterilization through chromosomal
manipulation can be helpful in research projects (and in commercial aquaculture
systems) because it reduces the risk of escapees introgressing into natural
genepools. Because a number of factors have to be considered in assessing
environmental effects -- factors addressed by subsequent Flowcharts -- the
Standards are applicable to chromosomally manipulated organisms as a general
class. Sterility and scale of the proposed research, as addressed in Flowcharts
IL.B, II.B.1, and III, may allow early exit from further use of the Standards in
specific cases.

Deliberate interspecific hybridization

Interspecific hybridization has led to the development of new stocks for
commercial aquaculture and for fisheries stocking programs. However, the
release of fertile interspecific hybrids into an ecosystem containing either or both
of the parental species or other closely related species with which the hybrid can
interbreed introduces the possibility of introgressive hybridization (see Flowchart
I1.C.1). Interspecific hybridization is quite common in fishes (Turner 1984,
Collares-Pereira 1987). Interspecific hybrids are known to occur in at least 56
families of fishes (Lagler 1977). Natural occurrences of interspecific hybrids
and backcrossed descendants usually are at low frequencies but stocking of
hybrids or of either parental species can substantially increase these frequencies.
For example, instances of backcrossing to striped bass were observed following
the stocking of white x striped bass (Morone chrysops x M. saxatilis) hybrids into
the Savannah River system (Avise and Van den Avyle 1984). In Lake Palestine,
Texas, 29% of the Morone individuals screened were not first-generation (F))
hybrids, but second generation (F,) backcross hybrids with white bass (Forshage

et al. 1988). Evidence of introgressive hybridization in commercially important
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Chesapeake Bay stocks of striped bass has been documented (Harrell et al, 1993),
presumably due to interbreeding with hybrid striped bass originally stocked in
reservoirs on tributary rivers.

Introgressive hybridization compromises the genetic integrity and taxonomic
distinctness of native species occurring in natural aquatic ecosystems, and can lead
to loss of the genetically distinct species in the ecosystem (Campton 1987, Leary
et al. 1995). Concern about such introgressive hybridization is heightened when
the affected species are threatened, endangered, or of special concern; the
Performance Standards recommend risk management in this situation (see
Flowcharts II1.C.1 and VI.A.}. Among the 86 species, subspecies, and populations
of U. S.. fish listed as threatened or endangered under the Endangered Species
Act (ESA) through 1991, species introductions were a contributing factor to the
decline of 28 fish species, and nine of these species were threatened by
interspecific hybridization (Wilcove et al. 1992). Another analysis of fish species
listings under the ESA reached similar conclusions (Lassuy 1995). If the overall
performance of interspecific hybrids is novel compared to that of the parental
species, these hybrids and their introgressed descendants also present the potential
for adverse effects on ecosystem structure and processes.

A number of fertile and sterile interspecific hybrids of fish, mollusc, and
crustacean species are produced in nature, although usually at low frequencies.
Sterility in hybrids occurs as a consequence of combining incompatible genomes,
although rarely is sterility an absolute quality rather than a quantitative or
probabilistic quality. Releases of sterile hybrids can disrupt spawning of parental
species' populations (see Flowchart III), and depending on their phenotype, may
trigger a decline in affected populations (see Flowchart IV.C) or alter
competition and predation in an ecosystem with adverse effects on ecosystem
structure and processes (see Flowchart V).

Where a naturally-occurring or a stocked interspecific hybrid is known to be
widespread in the ecosystems accessible via the proposed research site, and when
there is no indication of adverse effects on the ecosystem associated with that
hybrid, there should be little concern about accidental escapes from research and
development projects involving that hybrid. Only when the research and
development involves either a hybrid with unfamiliar, new genotypes or novel
hereditary traits, a new hybrid with which there is little familiarity and
experience, or a hybrid recognized as a nuisance species, is it necessary and
appropriate that the researcher consider the guidance provided in these Standards.

Intraspecific selective breeding and captive breeding

Offspring of parents subjected to intraspecific selective breeding and captive
breeding do not contain new alleles or additional loci and, therefore, they are not
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likely to exhibit novel, unfamiliar traits. Changes in frequency distributions of
alleles or complete loss of alleles at the population level are the only genetic
effects of intraspecific selective breeding and captive breeding, and the extent of
the trait effect is limited by the ends of a binomial distribution of allele
frequencies (or penetrance of the phenotypes). Changes in allele frequency can
be environmentally significant, depending on phenotype, when the change is
present in progeny at a high enough frequency and such progeny are introduced
into a small population. ‘Such changes are relevant in fisheries stocking programs
which contemplate releases of large numbers of organisms into natural aquatic
ecosystems. They also should be considered before production in commercial
aquaculture systems from which selectively bred organisms might escape.!
However, there is far less concern in the research and development phase where
large, repetitive releases are not intended or likely to occur.

Including this large category of organisms in the Performance Standards would
impose an unnecessary burden of assessment on the private and public research
community for a class of modified organisms which generally poses little or no
risk under conditions normally practiced in research and development.
Intraspecific selective breeding has been practiced for centuries, and there is no
compelling reason to believe that additional guidance is needed in this area.

ILA, ILB, II.C. SURVIVAL AND REPRODUCTION ASSESSMENT

Flowcharts IL.A, II.B, and II.C , and their subordinate flowcharts, are designed to
allow assessment of organisms bearing one or more of the genetic modifications
covered by the Standards. For instance: a transgenic fish with induced triploidy
is assessed by proceeding through Flowcharts IL.A, I1.A.1, and subsequent paths;
an mterspecific hybrid with induced triploidy is assessed by proceeding through
Flowcharts II.B, I1.B.1, and subsequent paths; and a fish modified solely by
interspecific hybridization is assessed by proceeding through Flowcharts I1.C,
II.C.1, and subsequent paths.

Definitions of Terms

In using these and all subsequent Flowcharts, researchers should refer to
supporting text for Flowchart I for extensive definitions of the terms (1)
deliberate change of genes, (2) deliberate chromosomal manipulations, and (3)

p &‘

1 Environmental effects of selective breeding and captive breeding, with respect to fisheries
stocking programs and commercial aquaculture, are under active discussion in other aguatic
resource fora in the United States (e.g., Aquatic Nuisance Species Task Force 1994, Schramm and
Piper 1995).
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interspecific hybrid / hybridization. Refer to the glossary for definition of the
term, accessible ecosystem,

Early Exit Points

These three flowcharts are designed to identify projects that can exit the
Standards at this point before proceeding to more difficult questions about the
biology and ecology of the GMO. It is likely that the most commonly used EXIT
will be the one due to knowledge that accessible ecosystems preclude survival of
any accidentally escaped GMOs. It may be desirable to consider this early
possibility for exiting the Standards when making long-range plans for siting of
research projects (see further discussion under Section VL., "Project siting to
avoild certain risks").

Assessing survivability of GMO in accessible ecosystems

Familiarity with the parental organism, particularly results from past experiences
with stocking of the parental organism, can provide partial guidance for
answering this question. Such results may indicate the range (broad vs. narrow)
of environmental conditions under which the parental organism has survived,
thus giving a sense of the potential survival range for the modified organism.

Particular attention should be paid to cases where survival and persistence
occurred contrary to expectations because these indicate the potential for
unexpected results with the modified organism. For instance, releases of pink
salmon have shown that genetically modified pink salmon could survive,
reproduce, and persist in a broader range of accessible ecosystems than would be
expected from studies of their biology in their native range. In spite of
assumptions that smolts and immature adults could not survive in fresh water, the
Laurentian Great Lakes experienced population explosions of pink salmon two
decades after 21,000 juveniles were flushed down the drain of a Lake Superior
hatchery (Kwain and Lawrie 1981, Emery 1981 - reviewed by Kapuscinski and
Hallerman 1981).

A thorough review of the life history and environmental requirements of the
parental organism 1s needed in order to determine the potential effects of the
genetic modification on the modified organism's tolerances for physical/chemical
parameters (temperature, salinity, pH, dissolved oxygen, etc.). The tolerance of a
species to combinations of physical factors is more difficult to assess than
tolerances to individual parameters, but if such information is available, it should
be evaluated. The distribution of the parental species also may be controlled
under natural conditions by biological factors (e.g., habitat, predators, pathogens,
nutrient requirements) which may or may not be able to regulate the abundance
of the modified organism, especially if the receiving ecosystem is highly modified
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by human activities. Therefore, the zone of tolerance of the modified organism
to physical and chemical factors should be the primary consideration in
evaluating its potential to become established in accessible ecosystems.

An important information source for determining the modified organism's zone
of tolerance is physiological data on lower and upper lethal limits for
environmental factors (e.g., water temperature, pH, dissolved oxygen, other
inorganic or organic concentrations). These lethal limits set the lower and upper
boundaries of the environmental conditions under which the organism can
survive; that s, they define the organism's zone of tolerance. It is imperative,
therefore, to assess whether or not: (a) the zone of tolerance of the modified
organism has expanded beyond one or both of the lethal limits of the parental
organism; and (b) in cases where the zone is expanded, the modified organism
will survive in accessible environments which are lethal to the parental organism.
For instance, if a transgenic fish exhibits a lower lethal temperature limit than its
parental counterpart, it is important to know whether or not the minimum water
temperature in accessible ecosystems is within the zone of tolerance of the
transgenic organism.

GMOs with ability to disperse
The modified organism's potential for delayed mortality and dispersal to more

suitable ecosystems must also be assessed to answer the questions about direct and
indirect access to suitable environments. In certain situations, the modified
organism might not die after entering the accessible ecosystem but might persist
until lethal conditions arise, e.g., tilapia may persist a number of months in
temperate zone ecosystems until water temperatures decline at the onset of
winter. This delayed mortality could give the organism time to disperse to more
distant ecosystems where it can survive and reproduce. In such cases, it is also
important to assess environmental effects of the GMOs during the period of their
persistence in the directly accessible ecosystem. Therefore, researchers
contemplating projects posing such potential should respond "Yes or unknown" to
the question about suitable ecosystems being indirectly accessible; they should not
exit the Standards at this point.

Isolated accessible ecosystem
The question regarding isolated ecosystems is worded to fit situations where the

research is conducted in a confined system (indoors or outdoors) but not directly
in an isolated natural system. Some researchers using these Performance
Standards, however, may wish to conduct experiments directly in an isolated,
artificial water body in order to collect information needed to assess the more
difficult questions about environmental effects of a certain GMO (e.g., to answer
some of the questions in Flowcharts IV. through V.).
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To obtain some of this important information, it will be necessary to conduct
experiments on potential ecological effects in relatively large, outdoor, artificial
aquatic systems which are isolated from natural and semi-natural systems and
from which the experimental organisms can be eliminated once the experiments
are completed. Examples might include isolated reservoirs or ponds or an
abandoned quarry with no outlet. Research projects located in such an isolated
site should proceed through the Flowcharts, treating the isolated, artificial
waterbody as their project site and rearing unit if they are directed to risk
management recommendations. Research in such sites should proceed only if: it
is feasible and allowed by the appropriate aquatic resource management agency to
destroy all GMOs (and perhaps all aquatic Iife in the system) upon completion of
the experiment; (2) the isolated aquatic system being used is not a live gene bank
for any rare, threatened, or endangered species; and (3) it is feasible to
implement adequate risk management measures not only for the fairly predictable
events, such as annual flooding, but for infrequent major disasters such as the
1993 flooding of the Mississippi River or the recent hurricanes in Florida and
Hawaii (see further discussion of disaster preparation under several subheadings
of Section VI, "Risk Management Recommendations").

II.A.1. IMPACT OF DELIBERATE GENE CHANGES

This Flowchart is designed to assess organisms bearing a deliberate gene change
and possibly bearing one or more additional genetic modifications (see additional
explanation above on "Overview of Flowcharts").

Deliberate Gene Changes Posing No Ceoncern

The following information about the GMO is needed to answer "yes" to the first
question on the flowchart: molecular characterization and stability of the
deliberate gene modification, and the expression, functions, and effects of all the
deliberate, induced genetic modifications. With this information in hand, this
assessment path can be bypassed if the only change is expression of a marker gene
that has no impact on traits identified in Table 1 (below). In order to bypass this
assessment path, however, researchers cannot simply assume that the marker gene
has no effect on the physiology or fitness of the GMO but rather need to test
directly for effects of expression of the marker gene. For instance, the pesticidal
property of a baculovirus against the cabbage looper, Trichoplusia ni, was
reduced when a recombinant form of the virus bearing the bacterial lac Z gene
and expressing the marker, 3-galactosidase, was tested (Wood et al. 1993).

15



Deliberate Gene Changes Needing Further Assessment

If the project involves a GMO for which the researcher cannot rule out
expression of one of the trait changes listed in Table 1, further assessment is
needed in order to reach a defensible decision about safety or risk. These
phenotypic changes might pose environmental risk, depending on other factors

Table 1. Classes, examples, and possible ecological effects of phenotypic changes in genetically
modified fish, crustaceans, and molluscs. For projects involving GMOs expressing one or more

of these phenotypic changes, continue assessment (proceed to the appropriate step in the
Flowcharts) in order to reach a defensible decision about safety or risk.

Class

Examples of Phenotypic Change

Ecological Effect

Metabolism

- Growth rate
- Energy metabolism

- Shift to different prey size
- Alter nutrient and energy

- Food Utilization flows
Tolerance of - Temperature - Shift preferred habitats
Physical Factors - Salinity - Alter geographic range
-pH
- gressure
Behavior - Reproduction - Alter life history patterns
- Territoriality - Alter population dynamics
- Migration - Alter species interactions

- Chemosensory (including
pheromones, allelochemicals)
- Swimming/navigation

Resource or
Substrate Use

- Food utilization

- Release from ecological
limits

- Alter food webs
Population - Novel disease resistance - Alter population and
Regulating Factors | - Reduced predation/parasitism community dynamics
- Habitat preference - Release from ecological
limits
Reproduction - Mode - Alter population and
- Age at maturation and duration community dynamics
- Fecundity - Interfere with reproduction
- Sterility of related organisms
Morphology - Shape and size - Alter species interactions
- Color
- Fin/appendage form
Life History - Embryonic and larval deveiopment | - Alter life history patterns
- Metamorphosis - Alter population and

- Life span

community dynamics
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about the GMO and the accessible ecosystems, as is addressed by subsequent
questions in the flowcharts. The role of such trait changes in posing adverse
environmental effects are discussed in detail in Kapuscinski and Hallerman (1991,
p- 101-103) and Kapuscinski and Hallerman (1990, p. 6-7). Refer to these papers
for more detailed examples of trait changes and possible adverse effects of
introducing such modified organisms provided the scale of introduction is
sufficiently large to raise concern.

Interbreeding with Conspecifics or Closely Related Species

Presence of conspecifics in the accessible ecosystem(s) confirms that any escaped
GMOs could reproduce in these ecosystems and interbreed with the natural
population unless the GMOs have been permanently sterilized. Some aquatic
species can also interbreed with closely related species existing in the same
environment. Either situation presents the need to assess the potential for
introgression of novel genes into natural populations (gene introgression).

Except when introgression might affect threatened, endangered, or special
concern populations, questions in this Flowchart do not yet lead to conclusions
about the environmental safety or risk of introgression. Researchers need to
proceed along the assessment path in order to reach such a decision. (This
design feature also applies to Flowchart I1.C.1, which assesses the potential for
introgressive hybridization).

At this point in the flowcharts, researchers wishing to learn more about
predicting gene flow should read the text under "Flowchart IV.A. 1. Ecosystem
Effects - Impacts of Introgression of Modified Gene(s)." :

Potential for interbreeding with closely related species

It is essential to assess whether or not novel genes from escaped GMOs could
introgress into populations of closely related species in accessible ecosystems
because interspecific hybridization among aquatic species occurs at low
frequencies in nature, especially among North American freshwater fishes |
(Hubbs 1955). Hybridization among these species is relatively common because
of external fertilization, weak behavioral reproductive isolation mechanisms, and
secondary contact of recently evolved species (Campton 1987). Additionally,
interspecific hybrids of many aquatic species are fertile.

Permanent Sterility
Flowcharts II.A., 1 IL.B.1, and II.C.1 provide different assessment paths,

depending on whether or not the GMO is permanently sterile. In some cases
permanent sterility affords an earlier EXIT from the Standards. The criterion
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for answering "yes" is that the GMO must be permanently sterile in order to
discourage assumption of sterility without conducting the appropriate evaluations
at the appropriate life stage of the GMO. Before answering "yes" to this
question, researchers should have evaluated sterility throughout the lifetime of a
statistically valid sample of individuals, focusing especially on ages typically
associated with sexual maturity. In a recent study of oysters in which triploidy
had been induced to make them sterile, some cells reverted to the diploid state in
20% of the oysters that had been held in trays placed in the York River of
Chesapeake Bay (Blankenship 1994). This raised the possibility that fertility
could be restored over time in these individuals.

The efficacy of induced sterility in fish and shellfish varies greatly, depending on
the species, methodologies (e.g. triploid induction, eyestalk ablation, removal of
gonadal tissue), specific protocols for a given methodology (e.g., specific level,
timing, and duration of temperature or pressure shock in triploidy induction),
and even technical skill of the applicator of the methodology. The literature on
efforts to sterilize diploid aquatic organisms by induction of triploidy illustrates
this variability. Reported frequencies of triploids in treated groups ranged from
3-100%, with many reports in the 40-60% range; however, survival frequently
is depressed by de novo triploidy induction (Ihssen et al. 1990). Usually,
triploid organisms are sterile because their eggs or sperm contain chromosomes
which would remain unpaired at fertilization and thus result in unviable
embryos. However, triploids do vary among species in terms of development of
reproductive structures, reproductive behaviors, and presence or absence of
gamete production (Hallerman and Kapuscinski 1993). The degree of sterility
appears to be more complete in triploid, female fish and shellfish than in triploid
males (Thorgaard and Allen 1992). See Appendix B, however, for discussion of
cases where triploidy may be associated with full fertility; this occurs in some
aquatic organisms capable of non-dioecious modes of reproduction (e.g.,
hermaphroditism, parthenogenesis).

Impact on Threatened, Endangered, or Special Concern Populations

Human-induced species extinctions and declines of populations of fish and
shellfish have increased dramatically in this century and do not appear to be
subsiding. In North America, many freshwater fish species are endangered or
already extinct (Miller et al. 1989, Williams et al 1989, Minckley and Deacon
1991). Shellfish species are also in rapid decline. The most diverse freshwater
musse] fauna in the world occurs in North America (Williams and Mulvey 1994)
but human impacts have triggered dramatic losses in this globally significant
component of biodiversity; 141 species, 42% of the United States fauna are
endangered, threatened, or possibly extinct (Williams et al. 1993). Marine
species are also threatened with declines and extinctions. Due to lack of
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appropriate monitoring, documentation of recent extinctions is scanty (e.g., the
first extinction of a marine invertebrate was reported by Carlton et al., 1991) but
actual losses are believed to be much greater and on the increase (Norse 1994).
Losses of genetically distinct populations and species which reside in freshwater
and seawater environments at different life stages, such as anadromous salmon,
are also on the increase (e.g., Nehlsen et al 1991). All of these losses of aquatic
fauna have been brought about by one or more factors, such as habitat alteration
or destruction, introductions of exotic species, and overfishing.

Societal desire to recover depleted aquatic populations and reintroduce locally
extirpated species is increasing although financial and other resources needed are
rarely available to undertake such efforts. Recovery and reintroduction efforts
are technically difficult and demand a long-term commitment to reach success.
Given this context, it is clearly prudent and cost-effective to prevent exposure of
endangered, threatened, or special concern populations (protected populations) to
additional, human-induced alterations via interbreeding with escaped GMOs.
Thus, the decision path is designed to encourage such research projects to be
conducted so long as they include adequate risk management measures (see
Flowchart VI.A and supporting text in Section VI).

When Genetically Medified Organism is a Non-indigenous Species

If the GMO is a non-indigenous species, researchers need to consult the relevant
state and federal natural resource management agencies which have oversight
authority for uses of non-indigenous fish, crustaceans, or molluscs. These
Performance Standards are not applicable to evaluation of the environmental
safety or risk issues specific to the experimental organisms being a non-
indigenous species. Depending on the non-indigenous species in question,
government approval may be needed for the proposed research or development
project. The approval process varies for different species and across states,
ranging from submission and approval of a letter to the proper authority
explaining the research project's facilities and protocols to formal application for
a permit to use the non-indigenous species under specified conditions. In the case
of no prior knowledge about which agencies to contact, the researcher should
start by contacting the state agency with authority over the state's fisheries
resources. Common names for such state agencies are the Department of Natural
Resources, Department of Fisheries and Wildlife, or some variant of these names.
The fisheries division of such a state agency should have a staff member who is
knowledgeable about both state and federal oversight of research with non-
indigenous species.

To gain background knowledge about the biological principles involved in
assessing the environmental safety or risk of a non-indigenous species,
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researchers can consult 2 number of papers and suggested protocols developed by
various organizations concerned with aquatic species. Examples include a
discussion of conceptual models (Kohler 1992), a discussion of genetic impacts of
- non-indigenous molluscs (Gaffney and Allen 1992), a suggested protocol for fish
introductions in the United States (Kohler and Stanley 1984), an American
Fisheries Society position statement on introduction of aquatic species (Kohler
and Courtenay 1986), the "Revised Code of Practice to Reduce the Risks for
Adverse Effects Arising from Introduction of Marine Species” developed by the
International Council for the Exploration of the Sea (Sindermann 1986, 1992),
recommendations of European Inland Fisheries Advisory Commission (1988),
and the protocol proposed in 1992 by the U.S. Aquatic Nuisance Species Task
Force (reproduced in Appendix A).

IL.B.1. IMPACT OF DELIBERATE CHROMOSOMAL
MANIPULATIONS

This Flowchart is designed to assess organisms modified (1) solely by
chromosome manipulations, such as induced tetraploidy and induced triploidy,
and (2) by both chromosome manipulations and interspecific hybridization. The
impetus to produce the latter type of GMO is that some interspecific hybrids
show increased viability when triploidy is induced. For instance, some triploid
salmon hybrids exhibit higher viability than the corresponding diploid hybrids
(Chevassus et al. 1983, Scheerer and Thorgaard 1983).

Interbreeding or Mating / Permanent Sterility / Non-indigenous
Species

Most of the decision path of this Flowchart is aimed at determining the potential
for chromosomally manipulated GMOs to interbreed or attempt to mate with
natural populations in the accessible ecosystems. The rationale for this focus
appears under headings above (marked with *), located under the following
headings:

I. Applicability of Performance Standards
Rationale for Applicable and Non-applicable Organisms
*Deliberate Chromosomal Manipulations
*Deliberate Interspecific Hybridization

ILA.1. Impact of Deliberate Gene Changes
*Interbreeding with Conspecifics or Closely Related Species

*Permanent Sterility
* When Genetically Modified Organism is a Non-indigenous Species
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Extremely Low Survival of Certain Polyploids

To date, most tetraploid fish produced in the laboratory have demonstrated very
low survival, so that few individuals reach sexual maturity. This is a mitigating
factor against the capability of escaped tetraploids to interbreed with diploids and
possibly trigger declines in natural populations through the production of many
sterile triploid progeny. Therefore, this flowchart contains an EXIT for research
involving polyploids that exhibit extremely low survival with the caveat that the
research project is small-scale. Researchers seeking guidance on how to identify
an experimental scale appropriate for taking this EXIT should proceed to
Flowchart III so that they can compare the factors that would lead to an EXIT
versus to a need for risk management.

II.C.1. IMPACT OF INTERSPECIFIC HYBRIDIZATION

This flowchart is designed to assess risk of losing natural populations of
genetically distinct species; rationale for this concern was given under
subheading, "Deliberate Interspecific Hybridization" under "I. Applicability of
Performance Standards.” Questions address presence of both parental and other
closely related species in the accessible ecosystem because the interspecific hybrid
might hybridize with more species than just its parental species (see further
explanation under "Potential for Interbreeding with Closely Related Species
under section ILA.1.). If there are no parental or closely related species in the
accessible ecosystem, risk assessment is greatly simplified and the user is directed
to either simply EXIT the standards or EXIT but consult relevant state and
federal agencies for guidance on use of non-indigenous species. The rationale for
and additional information on seeking guidance about use of non-indigenous
species is provided in section I under the subheading "Non-Applicable
Organisms” and in section IL.A.1 under the subheading "When Genetically
Modified Organism is a Non-indigenous Species.”

If any parental or closely related species is present in the accessible ecosystem,
the user must answer whether or not the interspecific hybrid is permanently
sterile (see rationale provided under "Permanent Sterility" under section I1.A.1).
If the interspecific hybrid is indeed permanently sterile, the flowchart bypasses
assessment of risks associated with introgressive hybridization and directs the
user to Flowchart ITI. Otherwise, the user next determines whether or not the
accessible ecosystem contains populations of threatened, endangered, or special
concern species with which the hybrid could interbreed. The rationale for how
this issue is addressed is provided under "Impact on Threatened, Endangered, or
Special Concern Populations” under section II.A.1. If this is not an issue, this
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flowchart poses a final question in order to assess another possibility for EXIT
from the Standards.

Some interspecific hybrids of fish or shellfish produced and reared in the
laboratory have exhibited extremely poor survivorship, often at early stages of
development. This is a mitigating factor against the capability of escaped hybrids
to interbreed with a parental or closely related species and thus against the risk of
losing a natural population of a genetically distinct species due to introgressive
hybridization. Therefore, this flowchart contains an EXIT for research
involving interspecific hybrids that exhibit extremely low survival with the caveat
that the research project is small-scale. Researchers seeking guidance on how to
identify an experimental scale appropriate for taking this EXIT should jump
ahead to Flowchart IV.A.1, which initiates assessment of ecosystem effects of
introgression. This will allow researchers to compare the factors that would lead
to an EXIT versus leading to a need for risk management.

III. POTENTIAL INTERFERENCE WITH NATURAL
REPRODUCTION

This flowchart assesses the risk of lowering the reproductive success of natural
populations due to reproductive interference by escaped GMOs. Questions are
designed to cover at least two ways that reproductive interference might occur:
(1) escaped GMOs are funct1onally sterile but still enter into mating behavior
with fertile individuals in natural populations, yielding infertile broods; and (2)
escaped GMOs are fertile tetraploids that breed with natural diploids, yielding
sterile triploid progeny. An example of the first concern is evidence that
presumably sterile, triploid male masu salmon and ayu exhibited normal
courtship behavior toward mature conspecific females (Inada and Taniguchi
1991, Kitamura et al. 1991).

Steroidogenesis and Reproductive Behavior

Triploid males of some fish species exhibit testosterone levels comparable to
those of diploid males. Despite abnormal gonad development, triploid rainbow
trout exhibit normal sexual differentiation, and at least some triploid males
produce sperm. Should courtship and spawning behavior of triploid males
sufficiently duplicate that of diploid males, the triploid males could successfully
mate with diploid females. No viable progeny would result because the embryos
would be aneuploids. However, were many triploids to secure matings, the loss
of entire broods could reduce the reproductive success of the naturally existing
population, increasing risks of loss of within-population genetic variation or of
population extinction due to a demographic catastrophe. In section I, the text
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under "Rationale for Applicable and Non-Applicable Organisms" presented
additional rationale regarding these risks under the sub-heading, "Deliberate
Chromosomal Manipulations."”

Flowchart I1I is designed to focus on testing for evidence of steroidogenesis in
individuals of a reproductive age because a negative result from properly
controlled assays can clearly rule out the possibility that escaped GMOs will enter
into reproductive behavior. In contrast, it is difficult to draw inferences from
laboratory behavior experiments about reproductive behavior in natural
ecosystems. Absence of a certain behavior in a laboratory environment is an
equivocal predictor of that behavior in the field.

Impact on Protected Populations

If reproductive interference is possible, the flowchart leads the user to one of
three decisions. When threatened, endangered, or special concern populations are
at issue, exposure to this risk is minimized by directing the user to risk
management (see rationale under "Impact on Threatened, Endangered, or Special
Concern Populations” under section II.A.1). When protected populations are not
at issue, the response to a final question determines if the user can EXIT from the
standards or should proceed to assessment of ecosystem effects of reproductive
interference.

Numbers of GMOs Relative to Potentially Interfered Populations

This final question directs the researcher to assess if the numbers of GMOs are so
small, relative to the size of potentially interfered populations in accessible
ecosystems, that even an accidental escape of all GMOs from the project would
not cause reproductive interference. A case-specific approach to answering this
question is strongly recommended. A useful starting point, however, might be to
give an affirmative answer only if the number of GMOs is at least two orders of
magnitude less than the number of reproductive age adults in each potentially
interfered population. To give an affirmative answer to this question and thus
EXIT the Standards, the researcher must base the response on an accurate count
of the number of GMOs involved in the project and defensible estimates of
critical demographic variables for the potentially interfered populations.
Regarding the latter, necessary estimates of demographic variables include: the
expected number of individuals of a reproductively mature age; the expected
proportion of these individuals which will reproduce successfully (produce at
least one viable offspring); and the expected reproductive success (number of
viable offspring) per reproducing adult. Expected values involve estimating the
mean and variance of a variable. Natural populations show temporal variability
in these demographic variables but will be most vulnerable to reproductive
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interference when they are at low ends of the range. Thus, an affirmative answer
to this question must account for low values in the natural range of these
variables.

Useful background information on how to estimate demographic variables in
natural populations appears in texts on fisheries population dynamics (e.g.,
Rothschild 1986) and in extensive literature in peer-reviewed journals.
Researchers may find it particularly useful to consult experts on population
dynamics of local fish and shellfish populations. These experts can be identified
by contacting university departments covering the field of fisheries or aquatic
biology, Sea Grant Extension staff in states with Sea Grant College Programs,
and government agencies involved with local fish and sheilfish resources (e.g.,
state departments of natural resources or of fisheries and wildlife, U. S. National
Biological Service, U. S. Fish and Wildlife Service, U. S. National Marine
Fisheries Service).

IV.A. ECOSYSTEM EFFECTS - DELIBERATE GENE CHANGES

Assessment of ecosystem effects of introgression of modified genes from escaped
GMGOs into natural populations begins by asking if the GMO expresses one or
more phenotypic changes listed in Table 1. To answer "no" and thus EXIT the
Standards at this point, the researcher must have supporting evidence about the
organism's overall performance (see section below on familiarity). Via the
phenotypic changes listed in Table 1, organisms affect ecosystem structure and
processes. The potential for adverse effects depends on the numbers of the GMO
accidentally or deliberately introduced into the accessible ecosystem and other
factors addressed in subsequent flowcharts (IV.A.1 and V.). Refer to
Kapuscinski and Hallerman (1991, p. 101-103) and Kapuscinski and Hallerman
(1990, p. 6-7) for detailed discussions of the role of such trait changes in posing
adverse ecosystem effects.

Familiarity with Overall Performance of the GMO

To correctly determine if the genetic modification produces changes in one or
more traits listed in Table 1, the researcher must be familiar with the overall
performance of the GMO throughout its life cycle. Familiarity is based on a
combination of information sources, including: (a) knowledge and past
experience with the parental (non-modified) organism grown in the same or
similar environments; and (b) results of preliminary indoor or outdoor
experiments specifically designed to test for intended and vnintended phenotypic
changes in the modified organism. Regarding empirical tests for phenotypic
changes, two complementary approaches are suggested (Kapuscinski and
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Hallerman 1991, Hallerman and Kapuscinski 1993): a battery of laboratory
experiments, where a few environmental factors are varied while others are held
constant; and studies in more ecologically realistic but securely confined
mesocosms (Odum 1984, Voshell 1989).

For some GMOQs, information from current research, scientific literature or
experts may be insufficient to assess the overall performance of the GMO and
thus insufficient to give a clear affirmative or negative answer to the question
about phenotypic changes. Following the precautionary principle, research
projects involving such unfamiliar GMOs are directed to risk management in
order to develop appropriate confinement measures for the project. Lack of
familiarity with the overall phenotype of the modified organism makes it
particularly difficult to reliably assess ecological effects if: (1) the intended
phenotypic changes in the modified organism fit under one of the classes in Table
1, (2) the genetic modifications are novel for the species as a whole (e.g.,
expression of antifreeze protein in tissues of transgenic Atlantic salmon), and (3)
effects of the genetic modification on other traits are unfamiliar (e.g., the
potential of antifreeze protein to expand the range of salmon into arctic waters
and thereby affect aquatic communities not adapted to salmon predation).

When a modified organism is first studied in confined experimental systems,
familiarity with its overall phenotype would be expected to be quite low. After
substantial phenotypic testing, the degree of familiarity could increase to the point
where it becomes possible to give a clear affirmative or negative answer to the
question about phenotypic changes It is imperative that experiments involve
proper measurements for these phenotypic changes and that inter-trait
correlations and genotype-environment interactions be considered.

IV.A.1. ECOSYSTEM EFFECTS - IMPACTS OF INTROGRESSION
OF MODIFIED GENE(S)

As noted in the upper left corner of this Flowchart, projects that reach this point
involve GMOs that are not permanently sterile and have the potential for
interbreeding with conspecifics or closely related species. The researcher is
prompted to estimate four population variables: reproductive potential of escaped
GMOs, frequency of introgression of the modified genes, fitness of introgressed
individuals, and potential demographic decline due to genetic load of introgressed
genes. Three of these estimates -- reproductive potential, frequency of
introgression of the modified gene(s), and demographic decline -- require
estimation of the number of GMOs that could accidentally escape into the
accessible ecosystem and of the abundance of the potentially affected natural
population. A range of possible values for the number of escaped individuals,
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from a minimum to a maximum number, can be developed by considering a
range of scenarios that might trigger escapes from the proposed project. To
develop appropriate scenarios, researchers may find it helpful to read text on
"Project Siting" and "Design of Barriers” found below under "VI. Risk
Management Recommendations: Project Siting, Design, Operations, and Review."

Estimation of Reproductive Potential

Reproductive potential of escaped GMOs will be a function of: (1) survival rate
and fertility of the GMO; and (2) environmental conditions affecting
reproduction in the accessible ecosystem, such as length of the spawning season
(as determined by suitable water temperatures and similar environmental cues)
and availability of suitable spawning habitat. One way to estimate the
reproductive potential of a group of escaped GMOs would be to construct a life
table, a traditional technique in population biology, taking into consideration
impacts of environmental conditions in the accessible ecosystem (e.g. Emlen
1984, chapter 3). This necessitates estimation of: different ages at reproduction,
survival rates to each reproductive age; and fertility (or else fecundity) at each
reproductive age. Estimation of these variables requires substantial familiarity
with the overall phenotype of the GMO, as derived from empirical measurements
of GMO phenotypes and knowledge about the parental organism (see above
discussion of familiarity under "IV.A. Ecosystem Effects - Deliberate Gene
Changes"). Clear supporting evidence is needed for any prediction that escaped
GMOs are grossly unfit and thus pose negligible reproductive potential (see
discussion below on "Estimation of Fitness of Introgressed Descendants”).

Estimation of Gene Flow

Estimation of the frequency of the modified gene(s) in the progeny generation
will be difficult in most cases. Both the rate of spread of a modified gene and its
rate of increase are strongly dependent on the structure of the potentially affected
population, which is determined by the connectivity of patches of interbreeding
individuals (demes) (Gliddon and Goudet 1994). Connectivity refers to the
number of gene-flow connections and magnitude of gene flow among them.
Additionally, researchers need to assess whether or not the phenotypic changes
exhibited by the GMO would alter directions or amounts of gene flow due to
altered dispersal or mating behavior (e.g., caused by expanded tolerance range
for a physical factor in the accessible ecosystem).

Qualitative estimation of the degree of connectivity among demes in a natural
population is possible via a method described by Goudet (1993) and Goudet et al.
(1994). This method involves computer modelling and requires empirical
estimation of the fixation index, Fsr, a measure of heterozygosity among demes
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which is inversely proportional to gene flow among these demes (Wright 1943).
Using genetic markers generated by molecular genetic methods, it is readily
possible to estimate Fgr from data derived from natural populations. Gliddon
and Goudet (1994) reviewed the application of this method to three actual
populations including that of a marine mollusc, the dogwhelk (Nucella lapillus),
and outlined its potential application to predicting the flow of modified genes into
wild populations of Atlantic salmon (Salmo salar).

Clear supporting evidence is needed for any prediction that escaped GMOs are
grossly unfit and thus pose negligible gene flow (see discussion below on
"Estimation of Fitness of Introgressed Descendants™).

Estimation of Fitness of Introgressed Descendants

A prediction that introgressed individuals will have lower fitness than non-
introgressed individuals must be supported by clear evidence of disruption of
survival or reproduction of the GMO under environmental conditions similar to
those of the accessible ecosystem. Research done since the 1960's has led to the
understanding that natural populations of organisms rarely show 'perfect
adaptation.' In different experiments involving different taxa, 0.2 to 10 percent
of random mutations were adaptive (Grant 1985). These percentages suggest a
lower limit for the frequency of adaptive, deliberate genetic modifications and do
not rule out higher frequencies. Evolutionary and ecological processes are now
understood to be much more affected by ad-hoc interactions between species,
idiosyncrasies of local communities, and stochastic processes (Regal 1994).
Therefore, not all new genetic modifications will be maladaptive.

Some genetic modifications could yield a novel adaptive combination of traits so
that near wild-type GMOs could survive, reproduce, and persist in natural
environments and disrupt the ad hoc organization of natural biological
communities (Regal 1994). It is reasonable to view genetically modified fish and
shellfish as being near wild-type. Although numerous strains or stocks of fish
and shellfish have been partially domesticated through consecutive generations of
captive breeding (yielding increased fitness in captivity), no such strains have
been shown to be so domesticated that their fitness in the wild is negligible (either.
due to extremely poor survival or reproduction or both).

Genetic Load of Introgressed Modified Genes
If introgressed individuals exhibit lower fitness than non-introgressed
conspecifics (but are not grossly unfit), it is necessary to assess potential

imposition of a genetic load onto a natural population by interbreeding with
genetically modified organisms. Deleterious genetic modifications impair the
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well-being of a population not in proportion to the reduction of the viability or
fitness of their individual carriers, but in proportion to their frequency of origin
(Haldane 1937), i.e., the frequency of modified organisms in the population. The
equilibrium frequency q of a deleterious gene arising at a frequency u and
opposed by selection of intensity s will be g=square root of (u/s) (Dobzhansky
1970, p. 190). With the frequency of homozygotes of the new allele being g2, the
population suffers impairment sqZ=su/s, or u, the mutation rate (i.e., the
frequency of the modified trait in the population). Elevation of the mutation rate
via escapes of less fit GMOs, by increasing the genetic load of the population, will
increase the rate of so-called genetic deaths. Note that a genetic death need not
produce a cadaver. Genetic death occurs if the carrier of a certain genotype
produces fewer young than the carrier of another genotype (Dobzhansky 1970).
Thus, the effect of the introgression of maladaptive traits through entry of less fit
GMOs into a natural population can pose a risk to the long-term viability of the
natural population. Although natural selection is expected to remove maladaptive
genes from a population, the number of generations required for the process to
be completed ¢an be very large (Hartl 1988). Additionally, if the fitness of
escaped GMO or early generations of introgressed descendants is reduced, the
fitness of future descendants can increase via adaptive evolution (Lenski and
Nguyen. 1988).

IV.B. POTENTIAL BARRIERS ASSOCIATED WITH ACCESSIBLE
ECOSYSTEM :

Researchers are directed to this Flowchart only if the accessible ecosystem clearly
lacks conspecifics or closely related species, thus ruling out risks of reproductive
interference by the GMO and of introgression of modified genes either by intra-
specific introgression or introgressive hybridization. This Flowchart prompts the
user to determine if some abiotic factor in the accessible environment clearly
prevents reproduction by any escaped GMOs, thus allowing EXIT from the
Standards. If use of this Flowchart does not lead to an EXIT, then one cannot
rule out establishment of a self-reproducing population of GMO founded by
accidental escapees.

Although environmental conditions of the accessible ecosystem permit survival of
the GMO at issue (as determined in Flowchart IL.A, ILB, or I1.C), they might
lack conditions required for one or more steps in the reproductive process
including gonadal development, ovulation, sperm maturation, or spawning.
Examples of abiotic factors that might preclude reproduction of the GMO are
lack of the required spawning substrate, stream flows, photoperiods, water
temperatures, water salinity, or other chemical factor. To invoke one or more of
these abiotic factors as a reason to EXIT the Standards, there needs to be
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documentation that the factor clearly precludes reproduction. For instance,
anadromous fish species typically spend their adult phase in salt water and
reproduce in fresh water. Depending on the species at issue, lack of freshwater
does not necessarily preclude successful reproduction because some populations

-naturally demonstrate successful reproduction in saline waters of marine
estuaries.

Familiarity with Reproductive Biology of the GMO

To correctly determine whether or not a given abiotic factor precludes
reproduction of the GMO, familiarity with the reproductive biology of the GMO
is necessary. Knowledge of environmental requirements for reproduction of the
parental, non-modified organism is a starting point. Lack of knowledge about
these environmental requirements requires answering "unknown" to the question
on this Flowchart and proceeding to Flowchart IV.B.1. If there is sufficient
familiarity with the environmental requirements for reproduction by the parental
organism, the next step is to determine whether or not the genetic modification
has altered any of these requirements in a way that would change the response to
the question on this flowchart. Ideally, this determination should be based on
empirical measurements of reproductive processes in the GMO collected in
confined indoor or outdoor studies. Scientific knowledge about interactions
between the reproductive system and other parts of the parental organism's
physiology may aiso help.

IV.B.1. ECOSYSTEM EFFECTS - POTENTIAL FOR NON-
REPRODUCTIVE INTERACTION

This Flowchart addresses situations where escaped GMOs could establish a self-
perpetuating population in the accessible ecosystem but reproductive interactions
with other species has been ruled out. Thus, the Flowchart initiates assessment of
other types of ecosystem effects.

All issues raised in this Flowchart have been explained in prior sections above.
Explanation of the first question about phenotypic changes listed in Table 1
appears under "IV.A. Ecosystem Effects - Deliberate Gene Changes." Estimation
of reproductive potential of GMOs is discussed in the section, "IV.A.1 Ecosystem
Effects - Impacts of Introgression of Modified Genes." The rationale for
estimating the fitness of descendants of the escaped GMOs is the same as provided
in a discussion of fitness in section IV.A.1. In this Flowchart, however, fithess
estimation is for all descendants of the self-reproducing GMO population, not for
introgressed progeny generated by matings between GMO and unmodified aduits.
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IV.C. ECOSYSTEM EFFECTS - IMPACTS OF REPRODUCTIVE
INTERFERENCE

This Flowchart assesses the effect of reproductive interference by accidentally
escaped GMOs on the abundance of potentially affected population(s) in the
accessible ecosystem(s). Researchers directed to this Flowchart previously
concluded that reproductive interference is possible, i.e., it cannot be ruled out.
The Flowchart provides an EXIT from the Standards if researchers can document
the following: (a) abundance of each potentially affected population is regulated
by a density -dependent relationship, and (b) such density-dependence would
clearly offset (compensate for) potential decline in the population's abundance
triggered reproductive interference by the GMO.

Density-Dependent Factors

The literature on fish and shellfish population dynamics contains numerous
examples of density-dependent population responses occurring at different life
history stages (Rothschild 1986 - see especially chapters 5 and 8). Because this
Flowchart is concerned with population abundance, researchers should start by
assessing whether or not there is density dependence in the relationship of
recruitment as a function of numerical population abundance (also called stock
abundance). Curvilinearity in this relationship suggests density dependence, as
exemplified by the classical Ricker (1954) and Beverton and Holt (1957)
recruitment-stock curves. Recruitment at relatively low population abundance is
density-independent but at intermediate or high population abundance is density-
dependent, as evidenced by a decline in the rate of recruitment increase
(Rothschild 1986, chapter 5). Stated otherwise, the reproductive effectiveness of
the population decreases at high population levels because of one or more density-
dependent mechanisms.

Assess if density dependence in stock-recruitment can offset population decline

If there is documentation of a curvilinear stock-recruit relationship in the
potentially affected populations, then researchers need to determine where the
existing population abundance lies along this curve. If the population is at the
lower end of the curve where recruitment is density-independent, then
reproductive interference would reduce recruitment proportionally and could
drive the population towards extinction. In this situation, the Flowchart directs
the researcher to estimate the magnitude of potential decline in abundance of the
interfered population(s), and then to proceed to Flowchart VLA for specific risk
management recommendations.
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Estimation of the magnitude of potential population decline allows design of risk
management measures for an acceptable number of accidental escapees, as defined
in Flowchart VI.A. When such estimation is not possible, researchers should
proceed instead to Flowchart VI.B. which guides design of risk management for
no/negligible escapes. The concept of "no/ negligible escapes” is further
explained below in the introduction section of "VI. Risk Management
Recommendations: Project Siting, Design, Operations, and Review (Flowcharts
VLA & VLB."

If there is clear evidence that population abundance is at the high end of the
stock-recruit curve where recruitment is density-dependent and reproductive
effectiveness is decreased, then it may be possible to build a case that a
compensatory response in recruitment will offset any decline in population
abundance triggered by reproductive interference. Stock abundance would have
to be reduced to a level where the rate of recruitment increase is increasing, but
not to a level so low as to risk stock extinction via stochastic processes. Building
a scientifically defensible case will not be easy. Researchers are strongly advised
to seek substantial input of recognized experts on the population dynamics and
ecology of the potentially affected natural populations.

V. EFFECTS ON ECOSYSTEM STRUCTURE AND PROCESSES

This Flowchart guides the most difficult assessments, which demand substantial
information about complex and variable ecosystem features. If a researcher is
directed to this last Flowchart, it means that prior, easier assessments failed to
clearly identify a specific reason for the researcher to EXIT the Standards or to
proceed to risk management (see related discussion above under "Overview of
Performance Standards").

Interactions with Threatened, Endangered, or Special Concern
Populations

The question in this Flowchart focuses on ecological interactions between escaped
GMOs and such protected populations. It differs from questions about protected
populations posed in earlier Flowcharts which addressed the potential for
interbreeding with or reproductive interference by escaped GMOs.

These populations are especially vulnerable to extinction risk and, therefore,
should be protected from novel interactions with GMOs. This protection is
justifiable in light of the dramatic declines of aquatic biodiversity in North
America, as explained in greater detail in the discussion of threatened,
endangered, or special concern populations under "II.A.1. Impact of Deliberate
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Gene Changes.” Extinction of such populations can damage ecosystem structure
or processes and indirectly threaten sustainability of other species in the
ecosystem, including those caught in sport and commercial fisheries.

To determine if protected populations occur in the accessible ecosystem,
researchers should consult their state fisheries and wildlife agency (including the
non-game management or natural heritage programs if these exist in the state)
and the U. S.. Fish and Wildlife Service (for freshwater ecosystems) or the
National Marine Fisheries Service (for saltwater ecosystems and anadromous
fish). Useful information might also be obtained from state offices of the Nature
Conservancy.

Familiarity with Accessible Ecosystem

There must be sufficient knowledge of and experience with the accessible
ecosystems to ensure that the assessments guided by this Flowchart are
scientifically reliable and defensible. Familiarity should include information
about each accessible ecosystem's: (1) structure (i.e., biological interactions
among species as manifested by segregation in use of food or space), (2)
processes (i.e., patterns of nutrient and energy flow, such as is manifested by
food webs), and (3) persistence (i.e., ability of an observed structure or species
composition to persist within known limits through time). If there is sufficient
familiarity with these attributes, development of a simulation model of the
accessible ecosystem could provide a useful too! for conducting the assessments
requested in this Flowchart. Then, data on phenotypic changes exhibited by the
GMO derived from laboratory or mesocesm experiments could be incorporated
into the simulation model to assist with these assessments. Refer to the related
discussion of experiments under "Familiarity with overall performance of the
GMO." located under "IV.A. Ecosystem Effects - Deliberate Gene Changes."

If familiarity about ecosystem structure is lacking, researchers should conclude
that assessment of the type and magnitude of species interactions (the first
assessment requested on this Flowchart) is not possible and should proceed to
Flowchart VI.B. for appropriate guidance on risk management. Assessment of -
the potential for adverse alteration of ecosystem structure or processes (the
second requested assessment) requires overall familiarity with structure,
processes, and persistence. Lack of sufficient familiarity in these areas prevents
conduct of a scientifically justifiable assessment and, thus, requires proceeding 10
Flowchart VI.A for appropriate guidance on risk management.
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Assess Interactions Between GMOs and Other Organisms

When conducting this assessment, researchers need to consider how interactions will
vary as the GMO and other organisms progress through several trophic positions
during their life cycle. Such progression is common among aquatic animal species
(e.g., Stein et al. 1988). This assessment should also integrate information about the
parental organism with an assessment of whether or not phenotypic changes
identified in the GMO (i.¢., focusing on changes listed in Table 1) may alter
interactions between the GMO and other species. In a review of ecological
principles and ecological effects of intentionally stocked fishes, Wahl et al. (1995)
presented background information that is also relevant for assessing ecclogical
effects of accidentally escaped GMOs. In particular, they recommended that
assessment be based on an ecological, community-based framework that integrates
the relative importance of predation, competition, abiotic factors, and interactions
among these factors across all life stages (see figure 6 in Wahl et al. 1995).

Significant interactions
A number of species interactions are important to assess (Tiedje et al. 1989,

Kapuscinski and Hallerman 1990, 1991). Assessment should focus on the
following interactions: (a) predator-prey interactions, particularly if the modified
organism is a top-level predator, such as a piscivorous fish (Carpenter and
Kitchell 1988, Mills and Forney 1988, reviewed in Kapuscinski and Hallerman
1990, p. 6-7) (b) competitive, symbiotic, and parasitic interactions; and (c)
indirect interactions, where the activities of the modified organism make the
environment less suitable for other species. In extreme cases, the GMO could
become a pest to humans or to other species, either because the parental organism
is a pest or the phenotypic changes exhibited by the GMO are major enough to
yield pest characteristics. This possibility should be considered if the parental
organism is an introduced or non-indigenous species. For example, the feeding
activities of common carp greatly increase the turbidity of warm, shallow lakes,
eliminating aquatic plant beds and reducing populations of visually feeding
predators (such as northern pike) and of waterfowl (which depend on the aquatic
plants). Thus, any genetic modification that increases the ability of carp to alter
their environment (e.g., more rapid growth) has the potential to increase their
effectiveness as a pest.

Likewise, it is important to determine if phenotypic changes exhibited by a GMO
could increase its ability to adversely affect other organisms in the accessible
ecosystem. For instance, if increased growth leads to larger size-at-age or
ultimate size, the modified organism could have an advantage in competition for
food, habitat resources, spawning sites, or mates. In short, an interaction is of
concern if the activities of the GMO can affect the distribution or demography of
another species.
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Consideration of other organisms

Assessment of species interactions involving the GMO should specifically address
populations of conspecifics and closely related species. There is growing
evidence that oversized, hatchery-reared salmonids can socially dominate and
sometimes displace smaller, wild conspecifics or closely related species through
increased aggressive behavior or increased competition for food and space (e.g.,
Bachman 1984, Nickelson et al. 1986, Vincent 1987). This raises the concern
that such displacement might be a more general phenomenon with GMOs
exhibiting certain phenotypic changes that adversely influence their interaction
with other organisms. Potential displacement of natural populations is a concern
even if the GMO cannot interbreed with them because such displacement is the
first step towards decline and extirpation of natural populations. Possible adverse
ecological consequences include declines in genetic and species diversity,
disruption of the ecosystem, and decreased sustainability of fisheries resources
important to humans. This latter point is also relevant for the discussion below
on adverse ecosystem alterations.

Assessment of species interactions involving the GMO should also address species
caught by sport or commercial fisheries. Populations of exploited organisms are
often both economically important to humans and ecologically important to long-
term health and sustainability of aquatic ecosystems (e.g., Christie et al. 1987). It
is, therefore, important to assess whether or not interactions between escaped
GMOs and populations of exploited species will adversely affect these
populations, for instance through increased population fluctuations, displacement
due to heightened competition or behavioral interactions, or declines in
abundance and genetic diversity (Wahl et al. 1995). This latter point is also
relevant for the discussion below on adverse ecosystem alterations.

Assess Potential for Interactions to Adversely Alter Ecosystems

This last step in ecosystem effects assessment ultimately leads the researcher
either to an EXIT from the Standards or to risk management. Proceeding to the
EXIT requires that the researcher has clear scientific evidence to support the
conclusion that adverse ecosystem alterations are improbable or negligible.

Aquatic communities function through complex interactions along pathways
connecting organisms and abiotic resources through transfers of energy,
organisms, nutrients, or information. In most instances, changes in community
structure (e.g., changes in relative abundance of species) are prevented from
triggering large changes in major ecosystem processes (e.g., primary production)
by compensatory dynamics of functionally similar species. However, certain
changes can lead to substantial changes in central ecosystem processes (Connell
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1975, Carpenter and Kitchell 1988, Wahl et al. 1995). Therefore, it is important
to assess whether or not species interactions involving escaped GMOs could
adversely affect ecosystem processes. For example, increased mouth gape due to
increased size of a GMO might enable the organism to prey on organisms until
then not subject to predation. Such novel broadening of prey items could perturb
the food web of the aquatic community in difficult-to-predict ways.

The concept of adverse effect on ecosystem processes can be illustrated by known
examples from species introductions. Examples include: (a) common carp
muddying up clear lakes through their feeding activities; by increasing turbidity
and affecting the balance between photosynthesis by phytoplankton and rooted
macrophytes, carp affect habitat availability and food resources for a range of
aquatic organisms; (b) predation by piscivorous fishes on planktivorous fishes; by
reducing predation upon large zooplankton, a decrease in planktivorous fish may
increase grazing pressure upon phytoplankton, affecting the balance of
photosynthesis by planktonic algae and rooted macrophytes; (¢) an introduced
clam in the San Francisco Bay estuary has, through its filtering action, caused the
brackish parts of the system to switch from being dominated by planktonic
organisms to being dominated by benthic organisms.

Decreased predictability of ecosystem state

Current understanding in ecology is that the only constant is change, and that all
ecosystems are in flux (Pickett et al. 1992). At best, systems have multiple,
alternating "steady" states, with "steady"” defined in relatively short time scales,
no more than a few decades. However, as ecological knowledge increases, the
alternating states become more predictable, as does the direction of ecosystem
change in response to regional or global factors. Addition of any new organism
into a system, including GMOs exhibiting changed phenotypes (refer to Table 1),
can change the rules under which the system operates and therefore decrease its
predictability to humans. At this point in the Flowchart, therefore, researchers
should assess whether or not the modified organism will have effects on the
accessible ecosystem that will cause a shift to a less desirable state from which it
may not be able to return to its previous, more desirable state.

Degraded state of ecosystems
There is a growing literature on the concepts of ecosystem degradation and

health. Ecosystem health is influenced by the diversity of ecosystem structure
and processes, including some redundancy (Christie et al. 1987, Karr 1991).
Assessment of the potential to alter an aquatic ecosystem to a degraded state must
address both environmental sustainability and human utilization (e.g., reduce
water quality). Accessible ecosystems which have already been greatly perturbed
from "healthy” states are particularly vulnerable to further degradation, and thus
are more susceptible to adverse effects due to species interactions of escaped
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GMOs. A degraded natural ecosystem should not be treated as if it is an artificial
system undeserving of protection of natural structures and processes.

If the assessment concludes that adverse ecosystem alterations are improbable or
negligible, Flowchart V provides an EXIT from the Standards, meaning that no
special confinement measures are advised so that fairly large numbers of GMOs
might escape from the research project. Before proceeding to this EXIT,
therefore, it is important to assess whether or not, through one or more of the
assessed interactions, large-scale introductions of modified organisms could act as
agents of natural selection on other organisms in the community, and what the
ecological consequences might be.

VI. RISK MANAGEMENT RECOMMENDATIONS: PROJECT
SITING, DESIGN, OPERATIONS, AND REVIEW
(Flowcharts VILA & VLB.)

Introduction

This section applies only to research projects determined to need risk
management based on completion of all prior portions of these Performance
Standards. This section presents recommendations for the design and operations
of a research project involving genetically modified finfish or shellfish in order
to manage specific risks. Planning and implementation of management measures
must address all the factors discussed in this section, including project siting,
design of barriers, security, alarms, operational requirements (includes written
operational plan, emergency response plan, training, and traffic control), and
review before and after start-up of project.

Case-specific approach complemented by review
Different research projects needing risk management will exhibit great variety in

the biological features of the GMO, the specific risk(s), and features of the
overall research project (e.g., project siting). This makes it unfeasible to
anticipate the best combination of management measures for every possible case.
This section, therefore, presents general recommendations and leaves it up to the
user to develop the most appropriate combination of risk management measures
that achieve either "no / negligible escapes” or the "acceptable number of
accidental escapees”, as specified in Flowcharts VI.A or VLB. Determination of
what constitutes "negligible escapes” should be in reference to the specific risk
that has been identified for the proposed project, as reiterated on Flowchart VI.A
or VLB; the objective is to have negligible environmental consequences. Users of
this section must clearly recognize that these performance standards define the
minimum requirements; additional measures may be prudent in certain cases. To
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assure that this case-specific approach results in adequate risk management and to
fully comply with these Performance Standards, users of this section are expected
to seek peer review of their risk management measures prior to project start-up
and site review after start-up of operations, making sure that reviewers include
aquatic biology and ecology experts (see detailed discussion under peer review
and site review subsection below).

Research projects versus commercial operations
The recommendations laid out in this section are designed to manage specific

risks of research projects only. They are not designed to address all the issues
posed by commercial-scale operations and they clearly are insufficient to manage
specific risks that might be identified for a commercial operation. However, they
may provide a useful starting point for future development of recommendations
for risk management in commercial operations.

Project Siting

The ease or difficulty of managing a given project's specific risks will depend to
a great extent on the geographical location of the research project. Siting and
physical facilities of projects using genetically modified organisms must prevent
accidental releases during flooding, storms, earthquakes, and other natural
disasters (Table 2). Researchers should try to avoid sites where flooding, wave
action, or high winds could allow escape of GMOs into a natural water body;
although marine and estuarine sites may be more vulnerable, such scenarios are
also possible in certain freshwater sites, for instance when outdoor research
ponds are located close to a stream, lake, or ditch leading to a natural surface
water. Where these conditions cannot be avoided, rearing units must be protected
from flood, wave action, and high winds. Project reviewers and inspectors are
expected to evaluate the adequacy of protection against accidental escape of
GMOs via flooding, water spray or waves during storm events, such as
hurricanes and tornadoes, and other episodes of high winds.

Different criteria for freshwater and marine sites

Although most freshwater research projects can meet the criterion of location
above the 100 year flood level (designated in table 2), many marine and estuarine
research stations cannot meet this same criterion. Consequently, research
projects sited at marine and estuarine locations must place greater emphasis on
other management options. In many marine cases, the most feasible approach to
preparation for floods, hurricanes, or other natural disasters (e.g., wind and
wave damage due to a violent storm) is to keep the scale of the research project
small enough so that all animals either can be moved safely to an alternative site
or destroyed within a specified time. Movement or destruction of animals should
be completed between the time a disaster warning is received and before
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conditions become too dangerous to complete the action. Hurricanes, while
extremely destructive, are tracked by the Weather Service and sufficient time is
usually available for animals to be moved or destroyed. The protocol for such
emergency actions should be spelled out in the emergency response component of
the project's written operational plan (see subsection below on operational plan).

Table 2. Minimum criteria for siting of research project when specific risks of working
with an aquatic GMO have been identified.

Event Freshwater Marine
Flooding Above the 100 year flood level Flood level and storm drain
criteria not applicable - place
Storm drains designed for 100 greater emphasis on
year rainfall event or storage management of experimental
provided scale and other factors
Surface runoff diverted around | Surface runoff diverted around
project site project site
: el current requirements for current requirements for
Wind Loadings laboratory facilities laboratory facilities
sl current requirements for current requirements for
Snow Loadings laboratcc)lry facilities laboratory facilities
Seismic Loadings! current requirements for current requirements for
laboratory facilities laboratory facilities
Others! current requirements for current requirements for
laboratory facilities laboratory facilities

1. These criteria apply to the research project's rearing units and mechanical barriers
located either indoors or outdoors. For indoor situations, the loading criteria will generally
apply to buildings housing the rearing units and mechanical barriers. For outdoor
situations, loading criteria will generally apply directly to the rearing units (e.g., fiberglass
tanks and tank covers located outdoors) and mechanical barriers (e.g., structure of french
drain, perimeter fencing located outdoors).

Project siting to avoid certain risks
As summarized on Flowchart VLA, the specific risks of some projects involve

adverse effects on protected populations of species which are threatened,
endangered, or of special concern. Instead of implementing measures to manage
these risks, another option is to relocate the proposed project to a site where the
accessible ecosystems do not contain such protected populations. If researchers
are seriously considering such relocation, they should first utilize the assessment
flowcharts (I. through V.) to evaluate the suitability of the relocation site.
Specifically, it is important to determine whether or not the relocation site poses
other specific risks requiring management.
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For freshwater situations, siting of the research project in areas with interior
drainage and no permanent waterbodies may be prudent until more experience
with genetically modified animals is available. In the more arid parts of the
western U.S., there are many areas where all runoff either percolates into the
ground or evaporates. Any surface water bodies in these areas are temporary.

In some cases, relocation of a project may reduce the numbers and types of
barriers needed on the project site. The best reason for relocation is if it allows
effluents and drawdown water to be discharged to an environment known to be
lethal to all life stages of the GMO. For instance, research on GMOs for whom
seawater is known to be lethal at all life stages could be conducted at a marine site
where it is feasible to discharge project effluents and drawdown water directly to
the ocean (i.e., full strength seawater). In some cases, such a strategy might
preclude the need for additional barriers in the project's effluent and drawdown
water (see related discussions in subsections below).

Design of Barriers

This subsection discusses factors that must be considered in the design of different
barriers used to confine GMOs within the site of the research project. For each
possible escape path in the water system, the minimum expectation for each
project requiring risk management is to have sufficient numbers of barriers in
series to achieve either "no / negligible escapes” or the "acceptable number of
accidental escapees,” as specified in Flowchart VLA or VLB, of all life stages of
the GMO occurring during the duration of the project. Possible aquatic escape
paths are discussed in a subsection below. Protection against escape paths beyond
the water system is also necessary (see subsection below on this issue).

The entire set of barriers for the water system must prevent escape of the hardest
to retain life stage that will occur during the course of the project; usually this is
the smallest life stage. Because no barrier type is 100% effective at all times, the
overall reliability of confinement measures will depend heavily on the number of
independent barriers present in series. Researchers are expected to determine the
appropriate combination of types and total number of barriers needed to achieve
the accepted number of accidental escapees. The number of independent barriers
is site- and project-specific but will generally range from three to five. Where
the surrounding environment (accessible ecosystems) is lethal to all life stages of
the GMO ({e.g., discharge from a freshwater project into seawater or discharge
from a marine project into a hypersaline environment), no barriers beyond the
standard types of aquaculture rearing units and effluent screening may be
required. Project reviewers and inspectors are expected to evaluate the adequacy
of the chosen combination and total number of barriers. '
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At least four types of possible barriers to aquatic escape paths are available to the
researcher:

Physical or chemical barriers
These are manipulations of physical (e.g., water) or chemical (e.g., pH) attributes

of rearing water to induce 100% mortality in one or more specified life stages of
the GMO before such life stage(s) can reach the accessible ecosystem(s). For
example, water temperature or pH can be maintained at lethal values for effluents
from incubators or for the final effluent coming from all rearing units. Another
example is chemical sterilization of project effluent via addition of a chemical
(e.g., chlorine, bromine, ozone) at lethal concentrations followed by appropriate
removal of the lethal chemical prior to discharge of effluent water from the
project site. Exact dose and contact time with the chemical will depend on species
and life stage. Treatment with 10-15 mg/L of chlorine for 15-30 minutes is
effective for killing fish in freshwater. Appendix C describes a protocol for
chemical sterilization of seawater effluent which has been used at marine research
stations. For projects involving molluscs, natural spawning of adults held in
1solation tanks should be monitored carefully so that dosage and duration of
chemical or temperature treatments can be properly adjusted when spawning
occurs.

Mechanical barriers

This category includes mechanical structures (either stationary or moving) that
physically hold back one or more specified life stages of the GMO from escaping
the project site. Mechanical barriers might be placed in series at one or more
locations along the water system of the project. For instance, barriers might be
located at each point where effluent from a number of rearing units comes
together and at the point where effluents of all rearing units form one final
effluent stream. Examples of possible mechanical structures include stationary or
moving screens (e.g., floor drain screens, standpipe screens), filters made up of
one or more types and sizes of media (e.g., gravel traps), grinders with moving
parts, and tank covers. Appendix D illustrates several examples of mechanical
barriers including a sock filter for effluents from an indoor fish embryo
incubator, a stainless steel rod screen for the final effluent from an indoor fish
culture facility, and french drains for outdoor fish culture ponds.

Biological barriers :
Biological features or alterations of all or a specific portion of the project's

GMGOs can serve as barriers if they either (1) prevent any possibility of
reproduction at the project site, thus avoiding risks of escape of small gametes,
embryos, or larval stages or (2) greatly reduce the possibility of reproduction or
survival of the project's GMQOs if they accidentally escaped into the accessible
ecosystem. A project's entire set of barriers in series cannot consist solely of
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biological barriers because inter-individual variability in efficacy of the
biological barrier is expected. The project, therefore, must have at least one
other type of barrier in its total number of barriers. Examples of biological
barriers are the following: (1) the project protocol involves killing or removal of
GMOs before they reach a reproductive life stage; (2) only one sex of a solely
dioecious GMO is raised in the project site?; or (3) all cultured GMOs are made
permanently sterile before they reach reproductive maturity in captivity.

Scale of experiment as a barrier
This involves holding experimental organisms at a number so small that

accidental escape of all organisms would not have the adverse effects associated
with the project's specific risks (see risks listed in Flowcharts VI.A and VIL.B). It
will be difficult to identify and justify a number that meets this criterion. If the
GMO is a self-fertilizing hermaphrodite or a true parthenogen (see Appendix B),
experimental scale cannot be counted as one of the project's barriers because
accidental escape of only one individual could found an entire population of
GMOs in accessible ecosystems. -Although experiments with such organisms
should be kept as small as possible, multiple barriers of other types are required
to achieve containment.

Barriers for all possible escape paths of the water system
The accidental escape of GMOs might occur through any of the following

components of the water system: influent water and makeup water (applicable in
water reuse systems); effiuent and drawdown water; waste slurries collected when
filters are backwashed, screens scrubbed, or rearing units cleaned by siphoning;
and aerosols from larval hatcheries of some shellfish. Therefore, each water
system component must have a sufficient combination and number of mechanical
or physical/chemical barriers to prevent escape.

Influent/makeup water. Surface waters require an appropriate set of barriers.
Well water, other fully enclosed water sources, and municipal sources do not
need barriers.

Effluent and drawdown water. All other factors being equal, the risk of
accidental escape increases as the frequency of water discharge increases. Static
and closed water systems generally have no discharge except when draining the
system. Water reuse systems and ponds may have a minor amount of discharge
depending on operations and weather conditions. A flow-through system will

2 This type of biological bartier is ineffective and thus unacceptable for species of finfish and
shellfish which have a non-dioecious mode of reproduction that permits one escaped individual to
found an entire population, such as true parthenogenesis or self-fertilizing hermaphroditism (see
discussion in Appendix B).
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have a continuous discharge. Although a sanitary sewer can serve as one barrier,
discharge into sanitary sewers alone does not provide an adequate barrier to
accidental escape in most cases because (1) many sewers bypass water to storm
sewers or surface waters during high-runoff events, or (2) some aquatic animals
can survive transit through the sewer and treatment plants. Prior to discharge to
a sanitary sewer, effluent and drawdown water should pass through a sufficient
set of barriers on the project site to achieve the acceptable number of accidental
escapees. For all types of water systems, the effluent drain capacity must be at
Jeast two times greater than the normal inflow capacity in order to handle
simultaneous draining of a number of rearing units. Researchers are expected to
identify the appropriate drain capacity and reviewers/inspectors are expected to
evaluate its adequacy.

For water systems which do not have continuous flow-through, an alternative
approach to preventing escapes via effluent and drawdown water is to locate the
entire project in an indoor facility with no floor drains and the capacity to retain
water from a specified number of experimental units. For instance, the facility
could be designed to retain all the water if there was breakage of 5-20% of the
experimental units. The researcher is expected to seek input from prospective
peer reviewers and inspectors in order to select the appropriate water retention
capacity. Additionally, any effluent from such an indoor facility must be treated
as waste slurry (see below).

Waste slurries. These may hide small or dormant life stages of viable GMOs at
in the mixture of uneaten food, feces, possibly shells from hatched eggs, and
other particulate matter. Batch chemical or temperature treatment known to be
lethal to smaller life stages of the GMO is recommended to kill any viable GMOs
that might be present in waste slurries. For some species, on-site drying of waste
slurries might be adequate. Final disposal of treated waste slurries must comply
with all applicable environmental regulations; researchers are expected to obtain
guidelines and regulations from their institution and, when applicable, from
appropriate government units. It is generally illegal to discharge such slurries
into an aquatic ecosystem. Examples of appropriate disposal of treated waste
slurries might be: discharge to a sanitary sewer; discharge into a septic system,
delivery to an institutional hazardous waste facility; or deposit in an approved
land site.

Prevent escape via non-aquatic paths
Escape of aquatic GMOs might occur through paths other than the project's water

system. Researchers must determine if their project poses one or more of the
escape paths described below and implement measures to protect against them.
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Secure disposal of experimental animals. Certain life stages of some species can
survive long periods of time outside of water. For instance, adult bivalves might
survive three or more days outside of water as long as temperatures remain
relatively cool and surroundings are slightly moist (e.g., a large number of adults
packed closely together in a closed container). Therefore, researchers must
anticipate and avoid sitnations where animals might survive after disposal and get
into the hands of persons unaware of the need to prevent their introduction into
natural water bodies. The best way to avoid such problems is to: initially place
animals destined for disposal in secure, labeled disposal containers on-site; and
then deliver the containers to a designated, secure disposal facility, such as a
hazardous waste facility or land disposal site.

Aerosols. Larvae of bivalves and of some crustaceans are much smaller than
those of fish. Consequently, hatcheries for these organisms must be designed to
prevent escape of larvae via aerosols into nearby aquatic ecosystems. Hatchery
exhaust fans should be situated so that any acrosols that might be transported
outdoors will not reach aquatic ecosystems3.

Equipment cleaning and storage. Certain life stages of certain aquatic GMOs
could survive for some time if they are accidentally trapped in damp nets, small
puddles in fish egg sorting machines, standing water in buckets, gloves or boots
of workers attending to the GMOs, or other equipment. Therefore, all
equipment that comes in contact with live GMOs should be properly cleaned and
drained after each use. To ensure against accidental transport of live GMOs to
another insecure site, such equipment should be either: used and stored solely on
the project site; or disinfected using treatments lethal to all GMO life stages and
thoroughly drained prior to transport off-site. An inventory of project
equipment is recommended.

Security

Security measures are needed to: (a) control normal movement of authorized
personnel, (b) prevent unauthorized access to the site, and (c) for outdoor
projects, eliminate access of predators who could potentially carry animals off-
site. Depending on the abundance and behavior of predator species present in the
surrounding area, security measures might need to include electric fences, bird
netting, and other exclusion measures. Researchers are expected to design an

3This was recommended by a member of the Aquatic Biotechnology Working Group, Dr. Susan
Ford (Haskin Shellfish Research Laboratory, Rutgers University) and by Dr. John Kraeuter
(Assistant Director, New Jersey Aquaculture Technology Extension Center), Mr. Walter Canzonier
(Maurice River Oyster Culture Foundation and President of the New Jersey Aquaculture
Association), and Mr. Gregory Debrosse (Hatchery Manager, Haskin Shellfish Research
Laboratory).
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appropriate suite of security measures and peer reviewers/inspectors are expected
to evaluate their adequacy. Table 3 presents a suite of required and optional

measurcs.

Table 3. Required and optional measures for security at research projects needing

management of specific risks. Implementation of optional measures depends on features of

the project and project siting.

Measure Required Optional
Workers
background check! yes -
access control keys cards
sign in & out - recommended
ID badge with photo - recommended
Security training yes
Visitors - -
sign in & out - recommended
Escorts required yes -
Animals (outdoor facilities)
electric fences - recommended
bird netting - recommended
buried liners or suitable barriers yes for outdoor ponds -
against burrowing animals
Facility
Full perimeter control yes -
Security alarms - recommended
Contracted responder or police - recommended
response to security alarms
signs/warnings yes -
written security plan yes -
peer and site review yes -

1 Background checks must comply with relevant laws and institutional policies to protect

rights of potential and hired employees.

Alarms

At the project planning stage, the value of installing water level, flooding,
and perimeter alarms should be carefully considered (Table 4). All
projects, however, must have an appropriately placed water level alarm
with a battery or emergency power backup. It must alert designated
personnel when the water level goes above or below normal levels but well
before the water can circumvent the project's entire suite of barriers.
Adequacy of the alarm system should be justified in the worksheet and
provided to peer reviewers and inspectors. All installed alarms should be
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connected to on-site visual or audible signals and a phone dialer. The
dialer should contact personnel in a designated order. Also, all installed
alarms should have battery or emergency power backups. Automated
alarm systems should not be the exclusive form of monitoring, but rather
should provide a backup to human monitoring.

Table 4. Types of required and recommended alarms for projects requiring management of
specific risks.

Alarm Type Required or Optional Comments
require phone dialer, local
Water Level Alarms required signal, and power backup
Flooding Alarms Tequired if project is below 100 yr. | effectiveness depends on
flood level; otherwise optional phone dialer, local signal,
and power backup
Perimeter Alarms required if rearing units outdoors; | effectiveness depends on
otherwise optional phone dialer, local signal,
and power backup
[ Intrusion Alarms optional effectiveness depends on
phone dialer, local signal,
and power backup

Stand-by Power

Stand-by power is needed, not only to prevent damage to research experiments,
but also to avoid possible failure of one or more of the project's barriers and to
ensure functioning of alarms. '

Operational Plan

All research projects needing risk management must have an approved written
operational plan. The plan must describe (a) how the project will be operated
under normal conditions; (b) anticipated problems that may occur and how they
will be addressed; and (c) an emergency response plan for disaster situations.
The plan must address the major components of normal and emergency
operations presented below. The entire written plan must undergo peer review
prior to its implementation (see peer review and site review section below).

Training

Adequate training must be provided for all personnel accessing the project. Such
personnel should read the operational plan. It is recommended that they sign a
brief statement that they have read and understand how to implement the plan.
Required and recommended types of training are presented in Table 5 below.
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Researchers are expected to design an appropriate training program and peer
reviewers/inspectors are expected to evaluate its adequacy for the specific
research project.

Table 5. Required and recommended personnel training for research projects requiring
management of specific risks.

Type Required Optional
Routine Principal Investigators and other -
Project Staff
Emergency All personnel designated as Refreshers plus drill for all
emergency responder personnel designated as emergency

: responder

Public Recommended as institutional
: - responsibility

Traffic control

Control of traffic in and out of the confinement facility includes personnel,
equipment, wastes, and water and tissue samples. When drafting the traffic
control portion of the operational plan, refer to the following previous sections
for relevant recommendations: "Barriers for all possible escape paths of the
water system" (control of waste slurries); "Prevent escape via non-aquatic paths”
(control of equipment and final disposal of animals); and "Security" (control of
personnel).

Record keeping
Adequate records must be kept to assess compliance with the operational plan

(Tabie 6). This includes personnel and equipment logs as well as daily
experimental logs. Accounting for all genetically modified individuals is an
effective means of noting losses and discouraging theft. For groups of small
organisms, numbers of individuals should be tracked on a frequent basis; one
option is to estimate surviving animals based on daily counts of observed
mortalities. Once organisms reach a larger size, exact counts of individuals
should be maintained. Wherever feasible, individual tagging of sufficiently large
individuals is strongly encouraged because it will permit tracking of every
modified individual. -

Emergency response plan
An emergency response plan is a required component of the operations plan. The

purpose of this plan is to define the most common types of emergencies that a
project could face and outline what should be done to prevent loss of aquatic
GMOs. As first discussed in the section on project siting, the adequacy of the
emergency response plan is particularly important for: marine projects located
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below the 100 year flood level; and all projects located in the possible path of
wave damage, hurricanes and other natural disasters. For such projects, the
experimental scale must be small enough to permit movement to a safe site or
destruction of animals before disaster conditions become too dangerous to
complete the action.

Table 6. Required and recommended logs for projects requiring
management of specific risks

Type of Log Required or Optional

Personnel logs (in and out of recommended

facility)

Equipment movement logs recommended

Marking of individual animals recommended, if possible
Experimental logs required
Animal inventory logs larger animals - required
smaller animals - recommended to
extent possible

Responsible party. The project's principal investigator or a designated proxy
must be available in person or by phone at all times to respond to emergency
problems.

Notification of loss of confinement. In the event of loss of confinement, the
responsible party must notify responsible local agencies and the Institutional
Biosafety Committee, if one exists. In most cases, the first local agency to contact
1s the local office of the state fisheries management agency.

Mitigation or recovery plan. The emergency response plan should include a plan
for mitigation or recovery of escaped GMOs in cases where the project site and
biological features of the GMO allow recovery or mitigation. The state fisheries
management agency should be involved in development of such a plan because it
will probably have oversight authority over any recovery or mitigation actions
that occur in natural waters.

Movement to safe site or destruction of animals. The responsible party must
notify responsible local agencies (probably the state fisheries management
agency) and the Institutional Biosafety Committee, if one exists, that such an
action will be taken. Oversight of the action by a member of the IBC or a staff
person of a local agency is strongly encouraged. The emergency response plan
should clearly define the event(s) which activate movement or destruction of
animals.
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Peer Review and Site Review

This section makes a distinction between review of research projects prior to
their start-up and periodic site review after start-up. In some cases, flexibility in
this distinction is warranted. For instance, researchers may be planning to
conduct a new.project, involving new types of GMOs, in a site used previously
for another research project with aquatic GMOs that already passed peer review
and site review. If the new project clearly has the same specific risks as the old
project, less extensive peer review may be adequate but site review should
continue. If the new project poses a different set of specific risks, peer review
prior to start-up is warranted. The review should address whether or not the
existing configuration and components of the project site and barriers are '
adequate for the new project.

Peer review prior to _start-up _of project
Peer review of the project's siting, design of barriers, security, and operational

plan is required. It is imperative that reviewers include scientists with expertise
in organismal and population biology of the project's aquatic GMOs and in
ecology of the accessible aquatic ecosystems. It may be beneficial to include a
representative of the state fisheries management agency. If the researcher's
institution has an Institutional Biosafety Committee (IBC), then peer review
should be conducted by the IBC making sure that its membership contains
adequate aquatic expertise or that external advisors with such expertise are
consulted. If the institution only has a biosafety officer, an interdisciplinary
review team including the biosafety officer should be convened. One option is to
have the head or supervisor of the principal investigator's department assemble a
peer review team. Researchers may find it beneficial to seek advice of both the
state fisheries management agency and their IBC or other form of review team in
early stages of design of physical facilities and drafting of an operations plan.

Certain states and many institutions require that experiments involving organisms
bearing recombinant DNA molecules comply with the National Institutes of
Health (NIH) "Guidelines for Research Involving Recombinant DNA Molecules”
(NIH 1994), including the most recent amendments {(e.g., NIH 1995), and be
approved by an IBC or other body. All federally-funded research must comply
with these NIH Guidelines. These Performance Standards are intended to further
assist all researchers working with fish and shellfish in complying with the NIH
guidelines and good safety practices. Other responsible local, state, and Federal
agencies should be contacted. All permits/approvals needed from these agencies
should be obtained prior to the start of the project.
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Site reviews after start-up of project
Site reviews are highly recommended and their schedulmg should be the

responsibility of the researcher’s institution. The number of site reviews should
be based on (a) the specific features of the research project, such as the
complexity of required risk management measures, and (b) findings during
earlier site reviews. The purpose of site reviews is to determine whether or not
the project is keeping escapes below the acceptable number of accidental escapees.
Site reviews should determine whether: (1) appropriate culture practices are
indeed being carried out; (2) physical facilities are performing and are
maintained as expected; and (3) the operating plan is being followed.
Additionally, records might be checked to ascertain, for instance, if frequencies
of routine barrier inspections and maintenance by project staff are adequate.
Should problems in compliance with the operational plan be identified, additional
unannounced site visits might be appropriate.

Documentation to submit to proposal and site reviewers

Researchers are expected to provide the following documents to reviewers of both
the project proposal and of the project site: Performance Standards Flowcharts,
Performance Standards Supporting Text, Completed Worksheet with attached
documentation, and a Written Operational Plan. It is hoped that a computerized,
interactive expert system integrating the Flowcharts, Supporting Text, and
Worksheet will be developed. Once such a tool is developed, researchers may
prefer to submit documentation in software rather than hardcopy format.

Project approval

Once the IBC or other designated review team has decided that the risk management
measures are adequate to address the risks identified for a proposed project, it is
advisable to obtain written documentation of this approval. The format of this
approval is left up to the discretion of the institutions involved. One option is to
have the chair of the IBC or review team attach a brief letter of approval to the
final version of the Completed Worksheet.
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GLOSSARY OF TERMS

Abiotic characteristic limiting reproduction (IV.A.1) an environmental factor (e.g.,

temperature, salinity) of an accessible ecosystem which precludes the possibility of
reproduction by a genetically modified aquatic organism.

Accessible ecosystem means the aquatic environment immediately accessible to an
organism if it were to escape from the research site, and more distant habitats in the
contiguous environment into which the organism or its offspring reasonably may be
expected to disperse.

Adverse decline extremely unlikely (IV.A.1) Population decline, combined with
demographic or stochastic affects, can result in local extirpations. Therefore, such

population decline should be avoided.

Aneuploid refers to an organism in which the number of chromosomes is not an
exact multiple of the typical haploid set for the species.

Anadromous fishes spend the adult phase of their life cycles in salt water (or large
bodies of fresh water, such as the Laurentian Great Lakes) but move up streams and
rivers to spawn (e.g., Pacific salmon, Oncorhynchus spp.). This life history type,
called anadromy, is the opposite of catadromy (see below).

Bearers are fishes that carry their embryos (and sometimes their young as well)
around with them, either internally or externally (Moyle and Cech 1988). External
bearers include transfer brooders, forehead brooders, mouth brooders, gill
chamber brooders, and skin brooders. Arrangements of internal bearers include:
embryo laying following internal fertilization (ovi-ovoviviparity), internal
incubation of embryos with no nutrients provided by the mother (ovoviviparity), or
internal incubation with nutrients provided by the mother (viviparity).

Captive breeding the controlled husbandry of an aquatic organism under conditions
of confinement.

Catadromy refers to the life history pattern of fishes which spend most of their life
in fresh water but spawn in salt water (e.g., eels of the family Anguillidae). This
pattern is opposite that exhibited by anadromous fishes (see above).

Conspecific refers to an individual belonging to the same species.

Dioecious (Dioecy) literally, two houses; for a given species, (the condition of)
having male and female reproductive organs in separate, unisexual individuals.
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Diploid refers to an individual bearing the usual two haploid sets of chromosomes.

Environmental safety the execution of an experiment without measurable,
undesired consequences upon biotic or abiotic components of the environment.

Environmental effects consequences of execution of an experiment, which might
include, but are not limited to: (1) changes in the structure, function, or
resiliency of an accessible ecosystem, (2) changes in the gene pool of populations
resident in the accessible ecosystem or (3) decline in abundance of a population of
threatened, endangered, or special concern species.

Epistasis the situation where one gene affects the expression of another.

Extremely low survivorship (II.C.1) survival rates of an interspecific hybrid which
are expected to be so low that the hybrid poses virtually no risk of introgressive
hybridization with populations of parental or closely related species in accessible
ecosystems.

Egr or Fixation Index, measures the reduction in heterozygosity of a subpopulation
due to random genetic drift. The fixation index serves as a convenient and widely
used measure of genetic differences between populations. In natural populations,
observed values of Fgy in natural populations include not only random drift, but
also migration, natural selection, and mutation. In spite of the resulting complexity
in interpretation, Fqr is sull useful as an index of genetic differentiation (Hartl

1988).
Gene introgression incorporation of a gene into the gene pool of a population.

Genetic load of a population is the proportion by which the population fitness is
decreased in comparison with an optimum genotype (Crow 1958).

Hermaphrodite an individual having both male and female reproductive organs. A
simultaneous hermaphrodite has both types of gonads throughout its life. A
sequential hermaphrodite may be protogynous (having an ovary first, then a testis)
or protandrous (having a testis first, then an ovary).

Indirect interactions (V.) Effects of a genetically modified organism on (an)other
organism(s) in the accessible ecosystem which are effected through mechanisms
involving abiotic factors or additional species. Examples would include, but not be
limited to: (1) modification of the physical environment, affecting its suitability as
habitat for another species, and (2) cascading effects of altered trophic function in
aquatic communities.
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Infectious material or agent means any living stage of any organism or any
infectious substances that can cause disease in any fish, mollusc, or crustacean or
parts thereof, or any processed, manufactured, or other products of fish, molluscs,
or crustaceans.

Interspecific hybridization the process of producing a hybrid individual resulting
from mating between an adult from one species and an adult from another, different
species.

Interspecific reproduction the production of progeny due to mating between
individuals of different species. See: interspecific hybridization.

Intraspecific selective breeding the choosing by humans of the genotypes
contributing to the gene pool of succeeding generations of a given population of a
species; typically, a subset of available individuals breeding individuals are chosen
from the population on the basis of fitness or phenotypic value,

Introgression the incorporation of genes of one species into the gene pool of
another, the result of backcrossing of fertile hybrids with one or both of the parent

species.

Introgressive hybridization introgression (see above) whereby the fertile hybrids
tend to backcross with the more abundant species, resulting in a population of
individuals most of whom resemble the more abundant species but which also have
some of the characteristics of the other parent species. A consequence of this
process is loss of genetically distinct populations of one or both parent species.

Marker sequence a DNA sequence introduced into an organism for the purpose of
unambiguously identifying the treated individuals or their progeny.

Mosaic, as used in this document, refers to an individual in which component tissues
bear different numbers of chromosomes.

Negligible - biological consequences of number of accidental escapees is so
insignificant as to be unworthy of consideration.

Non-dioecious the condition of not having male and female reproductive organs in
separate, unisexual individuals; monecious.
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Non-indigenous species means any species or viable biological material that enters
the ecosystems beyond its historic range (i.e., territory occupied by the species at
the time of European colonization of North America), including any such organism
transferred from one country to another (see Appendix A, Excerpts from the
Aquatic Nuisance Species Program).

Non-reproductive interference undesired impacts upon a species by a genetically
modified organism by other than reproductive mechanisms, e.g., through
heightened competition, predation, parasitism, etc.

Novel trait (1) expression of a compound not normally found in the species, e.g.,
antifreeze polypeptide in Atlantic salmon; (2) expression of a compound normally
present in the species if under novel regulatory control, e.g., expression of a
species’ own growth hormone gene under transcriptional regulation by any but its
own growth hormone gene; (3) possession of a chromosomal complement which
differs in number or composition from its normal complement, e.g., as in triploids
or interspecific hybrids.

Overall phenotype refers to an organism's overall performance at a given life stage.
Its performance results from additive and interactive effects of all its qualitative and
quantitative traits, such as physiological and behavioral traits, and is affected by
genetic and environmental influences on these traits.

Parental organism refers to (1) the organism (parents) to be used in cross-breeding,
or (2) the initial organism which is to be the recipient of introduced genetic
material or whose genome is to be altered by addition, removal, or rearrangement
of genetic material.

Parthenogen (Parthenogenesis) An organism which develops (the process of
development) from an egg without fertilization.

Permanently sterile - see sterile.

Persistence is the ability of an observed ecosystem structure or species composition
to continue (within known limits) through time.

Pleiotropy the phenomenon where a single gene is responsible for a number of
distinct and seemingly unrelated phenotypic effects.

Polyploidy the condition of having a number of chromosome sets is greater than
the usual number.

61



Processes of an ecosystem refers to the biological, chemical, or physical processes
occurring in aquatic ecosystems. Also called ecosystem function.

Protected population - population of a species which is listed by federal or state
governments as endangered, threatened, or of special concern.

Recruitment is the number of individuals born each year in a population. It is used
in the context of population dynamics of fish and shellfish resources.

Reproductive interference disruption of the reproduction of the species by a
genetically modified organism, e.g., through its behavior at a spawning site, or

by fertilization of eggs by aneuploid sperm.
Reproductively mature age - also called sexual maturity.

Reproductive potential (IV.A.1) - affected by factors such as fecundity, viability of
gametes, survivorship of embryos and older progeny.

Resiliency is the ability of an ecosystem to recover to its previous state after a major
disturbance.

Self;fertilizing hermaphrodites organisms having both male and female
reproductive organs, and which are capable of reproduction by means of fertilizing

their own eggs.

Sterile (permanently sterile) Unable to reproduce (unable to gain or regain the
ability to reproduce).

Structure of an ecosystem refers to biological interactions among species as
manifested in use of food and space.

Tetraploid refers to an individual bearing four, instead of the usual two haploid sets
of chromosomes.

Triploid refers to an individual bearing three, instead of the usual two haploid sets
of chromosomes. .

True parthenogen an organism which reproduces exclusively through
parthenogenesis; i.e., its reproduction never involves normal fertilization.

Unintentional trait changes (IV.A) - might occur due to unexpected pleiotropy or
epistasis.
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Zone of tolerance is the range of values of a given environmental factor over
which the lifespan of an organism is not influenced by the direct lethal effect of
this factor (Fry 1971). Stated otherwise, the organism is able to acclimate to
changing values of the factor within the zone of tolerance.
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APPENDIX A: EXCERPTS FROM THE AQUATIC NUISANCE
SPECIES PROGRAM (ANS)

The following excerpts are photocopies from, "Proposed Aquatic Nuisance
Species Program, September 1992" prepared by the Aquatic Nuisance Species
Task Force. Requests for copies of the entire document should be sent to: ANS
Task Force Coordinator, U.S. Fish and Wildlife Service (820 ARLSQ),
Department of the Interior, 1849 C Street N.W., Washington, D.C. 20240.

Table 2: Examples of Suspected Generic Pathways Involved in the
Unintentional Introduction of Nonindigenous Aquatic Species.

Appendix H: Protocol for Evaluating Research Proposals Concerning
Nonindigenous Aquatic Species.
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Table 2. EXANPLES OF SUSPECTED GENERIC PATHWAYS INVOLVED IN THE
ONINTENTIONAL INTRODUCTION OF NONINDIGENQUS AQUATIC SPECIES

Shipping

-Rallast water and sediments
Anchor chains and chain lockers
Sanit.iy water

Hull surfaces

Bilge water and sediments
Propeller-shaft housing
Trash/refuaefgarbage

o000 O0O

Floating 0il/Gas Drilling Platforms
Recreaticnal Boating

Hull surfaces

Waste sanitary water

Bait wells

Bilge water and sediments
Hotors

Associated toolsa and eguipment

o0 0O0CO0CO0

Media (a@.g., water, seaweed, soil, etc.}, Coatainers and Equipwent Used
to Transport Live Organisms

Aquarium fish, plants, etc.

Bait

Aquaculture fish, shellfish, plants, etc.
Fishery management (e.g., fish stocking)
Regearch specimens

Ornamental, other plants

Pathogens in target animale

00 0000 O

Fresh or Froizen Seafood Transport and Disposal

Human Created Watar Connections

o Navigation canals (e.g., Erie and Welland Canale)
Q Interbasin water transfers (e.g., for irrigation,
municipal/industrial water supply, etc.) {Meador 1992)

Natural Pathways

© Waterfowl and other water birds
o Hybrid backcrosses
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Appendix H

PROTOCOL FOR EVALUATING RESEARCH
PROPOSALS CONCERNING NONINDIGENOUS
AQUATIC SPECIES

Introduction

The Nonindigenous Aquatic Nuisance Preventicon and Control Act of 1950 (Act,
Public Law 101-646, 104 STAT. 4671, 16 U.S5.C. 4701-4741 approved November 29,
1991) requires that an intergovernmental Aquatic KNuisance Species Task Force
develop and follow a protocol to engure that research carried out under
Subtitle € of the Act does not result in the unintentional intrcduction or
dispersal of nonindigenous aquatic nuisance speciea to the waters of the
United States. This protocol fulfills the requirements of the Act. The Task
Force intends to develop the research protocol further based on experience
gained through implementation of this protocol. Thie protocol will supplement
other existing Federal protocols established to contreol activities with
apecific major classes of organisms, such as those already established for
plants and insects under the Plant Quarantine Act of 1912 and the Federal
Plant Pest Act of 1952, and for research involving recombinant DNA molecules
under the Public Health Service Act of 1944.

Thie protocol must be used when research is carried out under Subtitle C of
the Act. Individuals, states, corporations, and institutions not otherwise
covered by this research protocol are encouraged to follow the protocol to
prevent introductions of nonindigenous aquatic nuisance speciee through
research activities. Prevention of introductions through other means is being
addressed in the Task Force's proposed Aquatic Nuiesance Specdies Program (which
addresses preventicn, detection and monitoring, and contrel of nonindigenous
aquatic nuisance species). An Intentional Introductions Policy Review
Committee is also meeting to review methods by which intentional introductions
are and can be controlled. This committee‘s report and recommendationa and
the Task Force‘s Program will be published and receive public comment.

A Research Protocol Committee (Appendix III) composed of representatives from
the Task Force members was established to develop the required research
protocol. The committee met in Gainesville, Florida, on June 25, 26 and 27,
1991, drafted the protocol, and prepared policy recommendations to the Task
Force concerning implementation of the protocol. The draft protocol was
circulated to all Task Force agencies for review. A second draft wase
presented to the Task Force on September 27, 1991. Following a meeting of the
Regsearch Protocol Committee on April 1 and 2, 1992, and receipt of additional
comments from Federal and non-Federal sources, a final draft wae prepared and
presented for Task Force approval on April 21, 1992. The research protocol
was adopted by the Task Force on April 22, 19%2.



Research Protoco]

The research protocol congists of two parts: a risk assessment questionnaire
{Part I) and a set of guidelines outlining required preventative containment
and confinement procedures (Part II). The risk aseessment questionnaire
requires the Principal Investigator to evaluate the risk that the apecies, if
it escapes or is released, will be a nuisance, and to determine if
preventative measures must be taken to prevent the gpecies from escaping or
being releaged. Research may be conducted with no specic) preventative
meagures if: 1) the research site ig within the present range of the species;
2} the species is free of nonindigenous diseases, parasites or other
extraneoue viable material; 3) the species is not likely to be a nuisance if
released; and 4) the epeciead cannot survive in the waters adjacent to the
research locaticn; or $§) only non—viable forms are used; or 6) the research
does not involve actual handling or transfer of the species (e.g. computer
modelling and in situ data collection).

The second part of the protocol is a detailed set of preventative containment
and confinement guidelinee that the Principal Investigator must follow to
prevent the escape or release of any research species that fails to meet cne
or more aof the conditions listed above. If any of these conditions exist, the
Principal Investigator must take preventative measures that will contain oxr

. confine the species to the research facility.

Appendix T is a list of sowe of the presently existing guidelines and
protocols that may be used as resources by investigators to identify the types
of precautions that can be taken to prevent unintenticnal releages of i
organisms used in research. The specific precautions needed (which include
procedural and facility design and use elements) will depend on the species to
be studied, its life stage and gize (e.g. macroscopic and/or microscopic, and
8ize range within each), the scope of the project, the characteristice of the
research gite location with regard to the species’ critical environmental
factors, and the potential of the species to survive in that locale and to be
a nuisance. If the species is a disease-causing organism or a paraaite, ar
the species or the source of the species under consideration is not free of
nonindigenous diseases or parasites, extra precautions may be necessary. MHost
of the guidelines listed require that test species be contained or confined by
some combination of physical, biological, chemical, and/or environmental
barriers, or by limiting the escope of the research. The number and types of
barriers needed depends on the species and the potential problems the sapecies
could create if it escapes or is released from the research site.

Procedures to Process Research Proposals

1. The Principal Investigator

The Principal Investigator will submit all reeearch proposals concerning
nonindigenous aquatic species to their Research Institutjion for review ——
usually the Research Institution will establish a committee similar in
membérship, roles and responsibilities to the Instituticnal Biosafety
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Committee (IBC) described in the National Institutes of Health (KRIH)
Guidelines for Research Involving Recombinant DNA Molecules (Federal
Register S1, Number 88, page 16959 (S1 FR 1€6959)). 1In the proposal the
Principal Investigator must demonstrate a knowledge of the life history and
biology of the species, provide all information necessary for preparation of
an envirconmental assesswent, and provide citations for all supporting data.
If the species is found to represent any poseibility of being a nuisance (risk
assessment questionnaire), the proposal must clearly demonstrate that:

1) adequate confinement and containment procedures will be in place during
research and throughout the time that the speciee is held; and 2) the
Principal Investigator has incorporated into the study plan procedures,
facility design elemehts, and other preventative measures analogous to those
in guidelines developed by NIH for research in recombinant DNA, and the

‘U.S. Department of Agriculture for research in agricultural bictechnology

(49 FR 50856, 51 FR 23302, and S6 FR 4134), which are adequate to contain and
confine the species and any pathogena or parasites it may contain or be
infeated with.

2. The Institutional Biosafety Committee

The IBC must determine if the proposal is complete, and that it includes an
accurately completed risk assessment gquestionnaire, all required life history
and biological data, and adequate and detailed containment and confinement
meagures. The IBC should also determine that the proposal complies with all
applicable local, state, and national laws and regulations. The IEC should
determine if a species-specific containment/confinement protocol has been
approved by the Research Protocol Committee for the species and if so, whether
the proposal fully meets all requirements of that approved species—-apecific
protocol (ASSP). If an ASSP exists and the Principal Investigator deviates
from that ASSP, the IBC should ensure that the differencea and the substituted
preventative meagures are clearly described, since a further review and
approval of the proposal by the Research Protocol Committee will be required.
If no ASSP exiats, the IEC must be assured that the Principal Investigator has
conducted a thorough literature review on the species, is knowledgeable of its
life hiatory, bioclogy and ecology, and has develcoped and deacribed
preventative measures to adequately contain and confine the aspecies if
necessary. Proposals not conforming to an ASSP or for which no ASSP exists
will require a full review by the Research Protocol Committee, and should
follow guidelines similar to that outlined in Appendix I. The proposal, along
with the appropriate findings and certification of compliance from the
Principal Investigator, IEC and the Research Institution, will then be
transmitted to the Funding Agency. If there is no IEC at a Research
Institution, or if the IBC does not have the expertise to evaluate a
particular proposal, the proposal will be transmitted to the Funding Agency
accompanied by a request for a review by the Research Protocol Committee.

3. The Funding Agency

The Funding Agency provides technical and programmatic review, determines if
the proposal is complete and that it complies with the requirements of the
National Environmental Policy Act (NEPA) and other applicable laws and



regulations (Appendix IV). The Funding Agency makee all funding decisions; it
selects praposals for funding, submits them to the Research Protocol
Committee, and after receipt of the Research Protoccl Committee‘s review,
determines which proposals will be funded. The Funding Agency may require
that the Principal Investigator make changes in the proposal before submittal
to the Research Protocol Commuittee for initial or re-review. All proposals
selected for funding will be transmitted to the Research Protoccel Committee
within 15 dayse after the proposal has been selected for funding, either for
review, if the IBC and Research Institution have not already certified that
the propoeal is in compliance with a species-specific protocol approved by the
Research Protocol Committee (ASSP), or for informational purposes, if the IBC
and Research Institution have certified compliance with an ASSP. The Research
Protocol Coomittee will eventually review all proposals, but proposale
following an ASSP do not have to be reviewed prior to funding.

4. The Research Protocol Committee

Al) proposale concerning nonindigenous aquatic species (including the risk
assessment guestionnaire and preventative measures to be used to prevent
escape or inadvertent release) selected for funding by a Funding Agency will
be gubmitted to the Research Protocol Committee within 15 daye of selection
for funding. For those proposals where the IBC and Research Institution have
certified that the research complies with an existing species—specific
protocol already approved by the Research Protocol Committee (ASSP), the
Research Protocol Committee will use the proposals for informational needs for
revising this protocol and approved species-specific protocols as necessary,
and for reporting purposes. For all other proposals, the Research Protocol
Committee will review in detail the completed risk aseessment questionnaire,
the research proposal, and the proposed containment and confinement procedures
to insure that the proposed procedures are adequate to prevent the species
from escaping or being released during the research. The Research Protocol
Committee will review and provide comments and recomnendatione to the Funding
agency within 90 days. Proposals requiring major changes must be resubmitted
to the Research Protocol Committee for review. The Research Protocol
Committee may call on outside expertise when necessary or may establish
subcoumittees to review multiple propoeals for work on the same speciee. The
Regearch Protoccl Committee will advise the Funding Agency and make - ‘
recommendations: 1) the proposal (including the completed risk assesement
questionnaire and preventative measuree) appears to be adequate and thus
funding is appropriate; 2) the proposal is not adequate in all aspects and
needs to be resubmitted to the Research Protocol Committee after deficiencies
identified are addressed and appropriate changes made to the proposal; or 3}
the proposal has serious inadequacies that require major changes, and should
not be funded until these changes are made and the proposal has been
resubmitted to the Research Protocol Committee and deemed adequate.

All proposals (both those cemplying with an approved speciee-specific protocol
and thoge with individualized containment and confinement plane} will be
reviewed by the Research Protocol Committee to determine if there are problems
in the use of the risk assessment questionnaire and to improve both thise
research protococl and approved species-specific protocols. The Research
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Protocol Committee will provide an annual report to the Task Force detailing
the proposals reviewed, the species involved, the number of proposals needing
detailed confinement and containment proceduresa, the loecation of the research
sites by species, and problems encountered, and will recommend changes to the

Task Force ae needed.

The Research Protocol Committee will serve as an advisor to the Funding
Agencies, providing comments and recommendatiocns on the risk assessment and
adequacy =f preventative meagures being taken by the researcher.. The
responsibility of selecting and funding the research belongs entirely to the
Funding Agency.

Attachment I is a list of guidelines and protocols used to confine or coatain
nonindigenous epecies or organisme inmvolved in recombinant DNA research.
Consulting one or more of these will help investigators to identify physical,
biological, chemical, and/or environmental preventative measures that may be
used to confine or contain the nonindigenous aguatic species during research,
transportation and storage.



PART I

Risk Assessment Questionnaire

Completed risk assessment guestionnaires must be submitted in narrative form
to the Punding Agency along with the research protocol. The reasoning behind
~ach answei must be stated.

I.

II.

III.

Iv.

Does the research concern a nonindigenous aquatic speciee as defined by
the Nonindigenous Aquatic Nuisance Species Prevention and Control Act of
1990? Nonindigenous aguatic epeciea means any species or other wviable
biological material that enters an ecosystem beyond ite historical
range, including transfers from both domestic and foreign sources.
[Historical range is the territory occupied by a epecies at the time of
European colonization of North America.]

ALL ANSWERS: go to II.

Does the species carry any known nonindigenous diseaaes, parasites or
any other nonindigenous species or viable biological material? Unless
there is knowledge or evidence to the contrary (e.g., oysters being
transferred from an area where MSX or dermo or imported oyster drills
exist, salmonid transfers from areas where IHN and VHS viruses occur, or
warnwater species transfers from areae where the Asian tapeworm occurs)
gpecies transfers within the continental U.S. can be considered free of
nonindigenous diseases or parasites. Any species recently imported
directly or indirectly from a foreéign country, Hawaii, or a territory of
the U.S. should be considered to have nonindigenous diseases or
parasites unless proven ctherwise; appropriate preventative measures
must be taken (see Part II, Guideline of Preventative Measures).

YES or NOT SURE: go directly to Part II (Guideline of Preventative
Measures) and to III;

NO: go to III.

Do or could transportation waters, media or sedimentse carry any
nonindigenougs diseases, parasites, or other viable material (extraneous
organismae)?

YES or NOT SURE: transfer epecies to clean water and container,
treat waste water to kill all organisms, disinfect original
container. If this is sufficient to rid the shipment (tranefer)
of all extraneous organisms, go to IV; if not, go to pPart IIT
(Guideline of Preventative Measures).

RO: go to IV.

If the research does not concern a nonindigenous aquatic species under
the Act and the research could not spread nonindigenous diseasges,
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parasites or other viable material, this protoccl does not apply. 1If
the apecies falls under the Act, continue on te V.

Angwers to I., II., and IIXI. are all NO: the protocol does not
apply to your research organism;

Any apswer to I., II., and/or III. above is YES or NOT SURE:
the species falls under the Act; go to V.

v. Will live, viable, or fresh spécimens be required?

NO (specimens must be preserved in a manner to kill the organisms
immediately to assure no possibility of infestation if the
specimens are released): no additional procedures may be
neceseary;

YBS: go to VI.

VI. Will the species be traneferred away from the site where collected?
HOo: protocol does nét apply.
YES: go to VII.

VII. Will the apecies be transported through areas which are free of the
infestation?

YES: adequate preventative meaguree must be taken to prevent
eascape or release during transportation; go to VIII.

HO or NOT SURE: go to VIII.

VIII. Is the species present within one mile of any facillity which will
receive live nonindigenous epecies or other non-preserved field material
which may be contaminated with a nonindigenous species? Studies may be
conducted in more than one research laboratory (including field
laboratories). List each laboratory in which the research will be
conducted, and discuss and document for each laboratory.

YES (The species is found within one mile of a research facility
or its effluent discharge point.): the study may not require more
than minimal measures at this facility to prevent the species’
introduction. It may however require precautionary measures to
ensure that nonindigencus species are not spread between
collection sites, from one facility to another facility, or from a
facility to non-infested sitee by means of equipment or supplies
used at more than one study site or used for more than one astudy.

HO (The species ig not found within cne mile of a research
facility which will receive live nonindigencus species or other
non-preserved field material which may be contaminated with a
nonindigenous species, or within one-mile of the facility‘ s
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IX.

XI.

XII.-

XIII.

effluenc discharge point.): the researcher should report the
nearest known poptlation of the speciee from each facility and go
to IX. :

Can the species survive in the surrounding waters?
NO: only minimum preventative measures may be needed.
YES or NOT SURE: go to X.

Is it absolutely certain that the speciee will not be a nuisance if it
escapes. or is released into surrounding watere? [Note: A nuisance
species threatens the diversity of abundance of native apecies or the
ecological atability of infested waters, or commercial, agricultural,
aquacultural, or recreational activities dependent on such waters.)

YES: only minimum preventative measures may be needed.
NO or NOT SURE: go to XI.

Have you previously been approved for research with this species at your
present location using the same facilities?

YES: explain the differences between this proposal and previocus
funded studies and attach a copy of previous approval letter.

If major changes exist from earlier funded study or the answer is
NO: go to XII.

Is there a Research Protocol Committee approved species—specific
protocel (ASSP) for the nonindigenous species that is (are) the
subject(s) of your research proposal, and will this ASSP be used by you
for this proposal?

YES (An ASSP exiete and will be adhered to in every particular.)
Attach the ASSP and list specifics (e.g., options to be used) that
are to be used in your research.

HO (No ASSP exists, or an ASSP exists but will not be used.): go
to XIII.

NO (An ASSP exists but will not be exactly adhered to, i.e.
additional or different mothods will be used, or parts of the ASSP
will not be used.) Describe in detail any deviation from the
ASSP, specify if any part of the ASSP will be used, and describe
preventative methods to be used that differ from those in the
ASSP. If any part of the ASSP is to be used, attach the ASSF.

1f the proposal has reached this point in the risk aseessment, 2
preventative containment/confinement plan must be developed which will
ensure that the apecies or any diseases or parasites it might carry
cannot escape or be released into the surrounding waters. The species
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under consideration ig a live or viable nonindigenous aguatic species, a
nonindigenous pathogen or parasite of aguatic speciea, or might be
carrying nonindigencous diseases or parasites of aguatic species, is not
present in the waters surrounding the research site, could survive if
released, and could be a nuisance. The researcher must document
knowledge of the literature concerning the species and the problems
which could reesult if released. 2 plan must be developed to ensure that
the research does not result in the release, escape, or dispersal of the
species. The investigator will be required to develop a preventative
plan (PART II) and submit it with the research proposal te. the Funding
Agency who will forward it to the Research Protocol Committee for
review. The investigator and the supporting Research Institution must
agree to comply with the preventative plan, and this protocel or an
approved species-gpecific protocol. The Funding Agency and the Research
Institution will ensure compliance.

Every investigator conducting regearch on a live or viable nonindigenous
aquatic species which could be a nuisance, and is conducting the research
outside the species‘ present range, is required to develop containment and
confinement procedures and have a secure facility. Reference to guidelines
already available (Appendix I) can be of assistance in developing a
containment and confinement plan. Table I is an outline of the information
and containment and confinement procedures ragquired in most existing
guidelines. In the future species-specific protocols may be developed for
high wvisibhility species (like the zebra muesel) whose life history, bioclogy,
and impactg are known and for which there are multiple studies under
congideration. When reviewed and approved by the Research Protoccl Committee,
approved species-specific protocaols (ASSP) may be usged by investigators,
however compliance to all points of the ASSP will be mandatory. Any or all
protocols may be changed by the Reesearch Protocol Committee as new knowledge
is accumulated. Deviations from approved species-specific protocols will
require case by case approval of research proposals and their preventative
plans. Research on nonindigencus species which may alac have nonindigenous
diseases and parasites will require maximum security for the species and for
any diseases or paragites the species may carry. Every effort should be made
to conduct research on nonindigencus species in facilities located within the
existing established range of the species; in thise case only cone level of
preventative measures may be regquired.
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PART II

Guideline of Preventative Measures

The Research Protocol Committee cannot develop a detailed set of quidelines
for every nonindigenous speciee under research. Investigators and Research
Institutions must develop containment and confinement plane taking into
consideration the species, its characteristics, diseases and parasites, and
critical environmental factors, its capabilities to be a nuisance, the design
of the research facilities, and the location of the test site in relationsehip
to the species’ present range. Appendix I liste guidelines which have already
been developed for groups of organisms. Table I is an outline of the
informational needs and preventative measures to contain or confine test
species found in most guidelines. The appendix and table are included as-
reference materials for investigators. :

If the investigator determines that live specimens must be used, that the
research must be conducted in an area where the speciea is not already
present, that the species could survive if released into surrounding waters,
and that the species or its diseases or parasites could be a nuisance, major
preventative measures would be required to prevent escape or release. The
preventative plan should use a combination ¢of physical, bioclogical,
environmental, and/for chemical barriers to contain or confine all life stages
of the organism. Reducing the scope of the research should also increase the
safety of the research. :

For containment of diseases, parasites, small species, or the early life
stages of larger species, the procedures ocutlined in the NIH quidelines
{(FR 51 No. 88, May 7, 1986, pg. 16959) or guidelinee developed by the

U.S. Department of Health and Human Servicee (see references) are the most
comprehensive.

For containment or confinement of larger forms, the guidelines developed for
whole plants or animals by the Office of Agricultural Biotechnology, USDA, are
the most appropriate, especially if the research is to be conducted outside
the labdratory (see Appendix I).

Preventative measures should addreses all life stages present or possible
during the research phase. Where feasible, use of juvenile specimens, monosex

populations, or sterile individuales is recommended.

Species-Specific Confinement and Centainment Protocols

The Research Protocol Committee expects to receive many reeearch propeosals on
a few high profile, high risk species, such as zebra mussels. Either the
Research Protocol Committee, a subcommittee of the Research Protocol
Committee, or one of the funding agencies may subait a specles—specific
confinement/containment protocol for review by the Research Protocol
Committee. When such a proposed species-specific protocol is submitted, the
Research Protocol Committee will review the adequacy of proposed containment
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procedures to insure that the apecies cannot escape or be released during
research. The Research Protocol Comnittee will complete its review and
provide a response to the appropriate Funding Agency or subcommittee within 90
days. The form of the Research Protocol Committee’s response will be either:
1) The species-specific protocel is adequate as proposed and is approved for
general use by the research community (i.e., the protocol has become an
approved species-specific protocol (ASSP)); or 2) The species—apecific
protocol is not adequate as proposed and is not approved. If the proposed
species—apecific protocol is not approved, the Research Protocol Committee
will state reasons and may suggest modifications to correct problems aeen.
Since these protocols will only be prepared for species which are considered
nuisance species, the risk assessment section can be reduced and the
preventative plan can be standardized.

Compliance with all provisicons of an approved species—specific protocol (ASSP)
must be fully accepted in writing by the Investigator and the Research
Institution. Specific preventative measures to be used by the Investigator
must be documented in the research proposal. If all aspects of the ASSP are
accepted, the Research Institution, through its Inetitutional Biosafety
Committee, can approve confinement and containment procedures and monitor the
research. All documentation, including the proposal, cowpleted risk
aseesement questionnaire, and preventative measures to be used, will be
forwarded tc the Research Protocol Committee by the Funding Agency. Any
deviations from the requiremente of an ASSP will require that the research
proposal and confinement and containment plan be reviewed by the Research
Protocol Committee before funding is approved.

The Research Protocel Committee will use the information in all reeearch
propoeals (using both species-specific and non-standard protocols), to improve
future protocols and to monitor the location of research on nonindigenous
aquatic species.

The Research Protocol Committee will report annually to the Task Force the
number of proposals requiring confinement/containment measures, the species
involved, and the lcocation of research sites. Problems will be identified and
recommendations for correcting them provided to the Task Force.

Until a research proposal is funded and becomes public property the
confidentiality of the contents of the proposal must be maintained at all
levels. BAll levels of review before funding must be made aware of the legal
and ethical responsibilities not to discuss, copy, or share proposals with
anyone not directly inveolved or authorized to assist in the review.

Inspections and Compliance

All propoeals which are required to follow a confinement and containment
protocol must include certification by the Principal Investigatcr and the
Research Institution that they will comply with the requirements of the
protocol, and within the proposal must document the specific containment and
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confinement measures to be used. The Institutional Biosafety Committee and
the Biological Safety Officer, if appointed by the IBC (see NIH guidelines

$1 FR 16963 for specific duties), will monitor the conduct of the research and
verify compliance with the containment and confinement procedures agreed to by
the Principal Investigator and the Reséarch Institution.

The Funding Agency, the Research Protocol Committee, and appropriate atate
agencies may inspect the facilities and containment and confinement procedures
at any time. The Research Institution should inspect its research at least
twice yearly.

‘Failure to compli with the protocol, or the escape or release of a
nonindigenous aquatic species must be reported to both the Funding Agency and
Research Protocol Committee immediately. Penalties for noncompliance with the
protocol will be administered by the Punding Agency and could include .
guspension of research funding. The major responsibility for compliance with
the protocol falls to the Principal Investigator and the Research Institution.
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APPENDIX I

Existing Guidelines and Protocols

Guidmslines for Recombinunt DNA Research: [These can also be applied to

nonindigendun aquatic species propoeals.] (FR S1 No. 8, pg. 16958; FR 51
No. 123, pg. 23367; FR S2 No. 154, pg. 29800; FR S6é No. 22, pg. 4134;
FR 51 No. 88, pg. 16959)

Microorganisms

National Institutes of Health (NIH). 1968. Guidelines for Research Involving
Recombinant DNA Molecules. Published in Federal Register May 7, 1986
(51 FR 16958-16961) with additional major actions August 24, 1987 (52 FR
31838); July 29, 1988 (S3 FR 28819); Octcber 26, 1988 (53 FR 43410);
March 13, 1989 (54 FR 10508); March 1, 1990 (SS FR 7438); and August 11,
1987 (52 FR 298Q0) with appendix P for plants and Q for animals.

Whole Plants and Animals

U.S. Department of Agriculture (USDA). 1984. Cocordinated Framework for
Regulation of Biotechnology. Federal Register December 31, 1984 (49 FR
50856) and June 26, 1986 (51 FR 23302+).

USDA. 1986. Advance Notice of Proposed USDA Guidelinea for Biotechnology
Research. Federal Register June 26, 1986 (51 FR 23367-23393) and
February 1, 1991 (56 FR 4134-4149}.

USDA. 1986. Introduction of Organisms and Producte Altered cr Produced
Through Genetic Engineering Which are Plant Pests or for Which There is
Reason to Believe are Plant Pests., Federal Register June 26, 1986
(51 FR 23352-23366) and June 16, 1987 (52 FR 22892-22915).

- Coulaon, J. R., and R. S. Soper. 19689. Protocols for the Introduction of
Biological Coatrol Agents in the U.S. Chapter I, pages 2-35 In: Kahn,
R. P. (ed.). Plant Protection and Quarantine. Volume III Special
Topice. CRC Press, Inc., Boca Raton, Florida.

USDR, Office of Agricultural Biotechnology. 1988. USDA Guidelines for
Research Qutside the Laboratory Involving Biotechnology, aleo Federal
Register June 26, 1986 (S1 FR 23367-23313) and February 1, 1991
{56 FR 4134-4149).

International Guidelines and Protocols:
European Inland Fisheries Advisory Commission. 1988. Code of Practice and
Hanual of Procedures for Consideration of Introductions and Transfers of

Marine and Freshwater Organisme. FAO. EIFAC. Occasional paper No. 23.
52 pages.
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International Council for the Exploration of the Sea. 1982. Proposed
Guidelines for Implementing the ICES Code of Practice Concerning
Introeduction and Transfer of Marine Species. 23-page manuscript.

Disease Related Guidelines and Protocols:

Anonymous. 1989. Operating Procedures for the Alma Quarantine Facility.
Prepared for the Alma Research Station, Guelph, Ontario, Canada. 16
pages typewritten.

Horner, R. W., and R. L. Eschenroder. 1991. Protocols to Minimize the Risk
of Introducing Salmonid Disease Agents with Importation of Salmonid
'Fighes. Draft manuscript. 11 pages. Prepared for Great Lakes Fish
Diseage Control Committee. Pages 27-37.

U.S. Department of Health and Human Services. 1984. Biosafety in
Microbiological and Biomedical Laboratoriee. 1st Edition (March 1984).
U.S. Department of Health and Human Servicea, Public Health Service,
Centersa for Disease Control, Atlanta, Georgia 30333, and National
Inetitutes of Health, Bethesda, Maryland 20892.

An additional 17 references on laboratory disease and pathagen control methods
can be found listed in the Federal Register, May 7, 1986 (51 FR 16965:.

Other Guidelines and Protocols:

Klingman, D. L., and J. R. Calcine. 1983. Guidelines for Introducing Forei,n
Organisme inte the United States for Biological Control of Weeda.
Bulletin of Entomological Society of America. Fall 1983:55-61.

Guidelines for the Importation, Interstate Movement, and Field Release of
Foreign Arthropod-Parasitic Nematodes into the United States for
Biological Control of Arthropaod Pests of Plants, Man, and Domeetic
Animals, and Vectors of Plant, Human, and Animal Pathogens, and for the
Interstate Movement and Export of Foreign and Native Arthropod-Parasific
Nepatodes for Research on Biological Control of Such Pests.

Guidelines for the Importation, Interstate Movement, and Field Release of
Foreign Microbial Pathogens (Fungi, Bacteria, Rickettsia Viruses,
Protozoa) into the United States for Biolecgical Control of Arthropod
Pests of Plants, Man, and Domestic Animals, and Vectors of Plant, Human,
and Animal Pathogens, and for the Export of Foreign and Native Arthropod
Pathogens for Research.

Guidelines for the Importation, Interstate Movement, and Field Release of
Foreign Arthropods and Nematodes into the United States for Bioclogical
Control of Weeds, and for the Interstate Movement and Export of Foreign
and Native Arthropod and Nematode Natural Enemies of Weeds.

Guidelines for the Importation, Interstate Movement, and Field Release in the
United States of Foreign Microbial Pathogens for Bjiological Control of
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Weeds, and for the Interstate Movement and Export of Foreign and Native
Pathogens of Weeds for Research.

Guidelines for the Importation, Interstate Movement, and Field Release of
Foreign Beneficial Organisme (Microbial Pathogens and Antagonists) into
the United States for Biological Control of Plant Nematodes and Plant
Pathogens, and for the Export of Such Organiems (Foreign and Native) for
Regearch.

Southeastern Cooperative Wildlife Disease Study. 1985. Model for State
Regulations Pertaining to Captive Wild and Exotic Animals. University
of Georgia, Athens, Georgia. 48 page manuscript. Prepared in response
to Resolution #9. U.S. Animal Health Association, Milwaukee, Wisconsin
10/27~11/1/85.

Jenninge, D. P., and J. A. McCann. 1991. Research Protocol for Handling
Nonindigenous Aquatic Species. National Fisheries Research Center, U.S.
Fish and Wildlife Service, Gainesville, Florida. 43-page manuscript.

Brown Tree Snake Protocol:

Pacific Baamin Development Council. 1991. Recommended Protocol for Transport
of Live Brown Tree Snakes (Boiga irregularis). Prepared for Plant
Quarantine Branch, State of Hawaii Department of Agriculture and
Biological Survey, and the U.S. Fish and Wildlife Service.

H-15



APPENDIY II

Definitions

Aquatic Nuisance Speciec - nonindigenous species in inland, estuarine and
marine waters that presently or potentially: 1) threaten the diversity
or abundance of native speciee; 2) impact ecological processea and
stability, including other natural resources, of infested waters; 3)
adversely affect commercial, agricultural, aquacultural, recreational or
other activities dependent on such waters; or 4) adversely affect
individuale, including health effects.

Biological Safety Officer (BSO) - an individual who is a member of the IBC who
has the direct responsibility (after the PI) to ensure the activities
and precautions stated in the reeearch proposal are followed. See NIH
guideline FR 51 No. 88, pg. 16963, for other roles and respongibilities.

Coufinement — a term used primarily in the USDA guidelines meaning organisms
restricted to research field facilities such as outside experimental
pond areas and involving whole plants and animals.

Containment - a term uged primarily in the NIH guidelines to mean restricted
to laboratory environmente and is usually in reference to micro-
organisms, recombinant DNA molecules, or whole’ planta {Appendix P) or
whole animale (Appendix Q).

Established — when used in reference to a species, this term means occurring
as a reproducing, self-sustaining population in an open ecoseystem, i.e.
in waters where the organisms are able to migrate or be transported to
other waters.

Institutional Biocsafety Committee (IBC) - aee NIH guidelines FR S1 No. 88,
pg- 16962, for membership, roles, and responsibilities.

Nonindigenous Species - any speciee or other viable biclogical material that
enters an ecosystem beyond its historic range, including any such
organisms transferred from one country to another. Nonindigenous
gpecies include both exotics and transplante. [Note: Historic range is
interpreted toc mean the territory occupied by a species at the time of
European colonization of North America.]

Pathogen -~ ag defined in USDA guideliries, is a virus or micro-organism
(including its viruses and plasmida, if any) that hae the ability to

cause disgease in another living organisem.

Principal Investigator (PI) - gee FR S1 No. 88, pg. 16963, for roles and
responsibhilities.

Research Institution - means any public or private entity (including Federal,
state, or local government agdencies) conducting the research.
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Research Protocol Committee (RPC) will be comprigsed of one or more
representatives from each Federal Task Force agency who are qualified to
evaluate nonindigencus species research proposals. Knowledgeable
experts from other Federal, state, or private groupe with different
areas of expertise might be agked to aeeist the committee.

Surrounding Waters - mezns any free flowing or standing waters in the
immediate vicinity of the research facility that are connected with
public waters either directly or indirectly.

Survival - organism able to live in an ecosystem during its normal life span
but not necessarjily able to reproduce itself.

Unintentional Introduction - the release of nonindigenous organisme without
any specific purpose. Such introductions, often unknowingly, occur as a
regult of activities other than the intentional introduction of a
speéciea such as the transport of nonindigenous organisms in ballast
water or in water used to transport fish, mollusks or crustaceans for
aquaculture or other purposes. The virtually inevitable escapement,
accidental release, "aguarium dumping® or other improper digposal of
intentionally introduced nonindigencus species do not constitute
unintentional introductions.

Waters of the United States - the internal waters of the United States,
including its territories and possesasions, plus the Territorial Sea of
the United States ae established by Presidential Proclamation Rumber
5928 of December 27, 1988.
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APPENDIY III

Membership of the Research Protocol Committee

Dr. James A. McCann, National Fisheriee Research Center, U.S. Fiash and
Wildlife Service —-- Chairman, May 1991-Present

Dr. Althaea Langston, Animal and Plant Health Inspection Service - Policy and
Program Development, U.S. Department of Agriculture —— Member,
May 1991-Present

Dr. David F. Reid, Great Lakes Environmental Research Laboratory, National
Oceanic and Atmospheric Administration — Member, May 199i-Present

Dr. Edwin A. Theriot, Environmental Laboratory, Waterways Experiment Statien,
U.S. Army Corps of Engineers -— Hember, August 1931-Present
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APPENDIIXI IV

Other Legislation or Executive Orders Related
to the Nonindigenous Aquatic Species Act

Applicable State Laws, Regulations, Permit and Notification Requirements -~
Must be determined on an individual basis by Principal Investigatore and
Regearch Institutions.

Lacey Act of 1900 — 18 U.5.C. 42

Endangered Species Conservation Act of 1969 — 16 U.5.C. 668

Executive Order 11987 ~- Exotic Organisms, May 24, 1977

Plant Quarantine Act of 1912 (7 U.S.C. 151 et seq.)

Federal Plant Pest Act of 1957 (7 U.S5.C. 1S50aa et seq.)

Fggeral Noxious Weed Act of 1974 (Public Law 93-629, January 3, 1975,
7 U.5.C. 2801 et seq. and 21 U.S.C. 111 et sgeaq.)

Rational Environmental Policy Act of 1969 (NEPA, 42 U.S.C. 4321 et sgeq.)

Occupational Safety and Health Act of 1970 - Federal Register April 12, 1984
(50 FR 14468), 29 U.5.C. et geq.
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TARLE I

Outline of Information Required by Reference Guidelines

Identification of Species
Source of Research Specimens

Discussicn of the Life History, Biology, Gritical Environmental Factors, and
Ecology of the Species

Biosafety Level Based on Risk Aesessment and Possible Impacts
Diseases and Parasites
Identification
List of All Known Diseases and Parasites Found in Waters Where Species
were Taken
Quarantine Facilities/Procedures
Physical Containment
Biclogical Containment
Chemical Containment
Environmental Containment
Scope Limitations
Fate of Surviving Specimens - Close Out Procedures
Required Permits and Related Laws and Regulations
Shipping and Transportation
Training and Qualifications of Personnel
Security
Emergency Flan
Administrative Control, Roles, Responeibilities
Inspections, Monitoring

Compliance

Reporting
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APPENDIX B: ASSESSMENT OF GENETICALLY MODIFIED FINFISH
AND SHELLFISH WITH NON-DIOECIOUS MODES OF
REPRODUCTION

Finfish, molluscs and crustaceans exhibit a wide diversity of modes of
reproduction. One common mode is dioecy, in which male and female
reproductive organs are in separate individuals and each individual is of one sex.
Many species currently used in aquaculture are dioecious. Assessment of risks
posed by accidental escapes of dicecious GMOs can be addressed by use of the
existing Flowcharts.

Non-dioecious modes of reproduction are known to exist in fish, molluscan and
crustacean species -- including in some important aquacultural species. While the
modes of reproduction are quite variable, and often very complex, two general
categories exist: hermaphroditism and parthenogenesis. Hermaphroditic organisms
possess both male and female reproductive organs. Depending on the particular
characteristics of their reproductive development and behavior, hermaphrodites
may reproduce through cross- or self-fertilization. Parthenogenesis includes all
modes of reproduction where one or more genomes are inherited clonally (Moore
1984). Reproduction in true parthenogens requires neither the presence of sperm to
induce embryogenesis nor incorporation of DNA from a male for reproduction of
viable progeny.

Considerable variation exists in the specific characteristics of non-dicecious
reproduction in fish and shellfish. In order to assess the risks of releases of
genetically modified non-dioecious GMOs, knowledge of the specific
characteristics of their reproduction is essential. This Appendix provides:

1) background on non-dioecious modes of reproduction;

2) risk management guidance for non-dioecious GMOs of high concern; and

3) important guidance for use of the Flowcharts to evaluate non-dioecious GMOs
other than those of high concem.

Background on Non-Dioecious Modes of Reproduction

Fishes

All known parthenogenetic fishes require at least physical stimulus of sperm to
induce embryogenesis (Dawley 1989). Depending on the parthenogenetic species,
males from the same or different species are involved in the reproduction. Consult
Dawley (1989) for an explanation of two different modes of male involvement -
gynogenesis and hybridogenesis. Families with species which are parthenogenic
include Poeciliidae, Atherinidae, Cyprinidae, Cobitidae (Dawley 1989).
Researchers working with fish in the family Poeciliidae may begin their
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examination of the potential for parthenogenesis in their research organisms by
consulting the following references: for Poecilia formosa, Dawley (1989), Monaco
et al. (1984), and Schart! et al. (1995); for Poeciliopsis spp., Dawley (1989) and
Vrijenhoek (1984).

Currently, only a single species of self-fertilizing hermaphroditic fish is known:
Rivulus marmoratus (Soto et al. 1992, Tumer et al. 1992). Simultaneous and
sequential hermaphroditic fish are known to exist among the Sparidae spp.
(Buxton and Garrett 1990). Research involving GMOs within this family is likely
because some species (i.e., the sea breams) are of economic importance in
aquaculture production. It is critically important, to determine whether or not a
particular GMO within Sparidae is hermaphroditic. Sequentially hermaphroditic
fish may be protoandrous or protogynous (Sadovy and Shapiro, 1987, Debas et al
1990). In some sequential hermaphrodites, sex change results from social factors
(Dawley 1989, Suncbe and Nakozono 1993).

Molluscs and Crustaceans

Among the 5600 known mollusc genera, 40% are either simultaneous or sequent1a1
hermaphrodites, including 9% of bivalves (Heller 1993). In bivalves, many types
of hermaphroditism have been found (Peralta 1988). Hermaphroditism in bivalves
has been thought to be limited to small, brooding species. In addition, those
hermaphroditic species which spawn eggs for external fertilization are thought to
self-fertilize indavertently, or with less fit progeny resulting. However, selfed
larvae of an aquacultural species, the bay scallop Argopecten irradians, have been
found to grow as well as outcrossed larval cultures (Wilbur and Gaffney 1991).
Increased incidence of hermaphroditism in triploid oysters has been documented
through histological studies, though it is uncertain if such hermaphrodites yield
functional gametes (Allen and Downing 1990).

Parthenogenesis is known to occur in strains of aquacultural crustacean species,
such as Artemia (brine shrimp) (Triantaphyllidis et al. 1993) and Daphnia spp.
(Hebert et al. 1993). These specties are cultured and marketed to provide live foods
for some aquacultural fish species. Results of a study of the freshwater crustacean,
Candonocypris novozelandiae suggest that a sexual strain was displaced by a
parthenogenetic strain in a disrupted habitat (Chaplin 1993). Two hermaphroditic
individuals of the marine shrimp species (Penaeus vannamei) were found among
broodstock on a shrimp farm and were suggested to be hermaphroditic as a result
of environmental conditions encountered in captivity. (Perez-Farfante and
Robertson 1992).
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Risk Management Guidance: Non-Dioecions GMOs of High Concern

Compared to cross-fertilizing GMOs, organisms which reproduce by selfing can be
particularly useful research organisms because of reduced variation in the
genotypes of their progeny. However, accidental escapes of such organisms pose
particularly high risks. The Flowcharts are not designed to fully evaluate the risks
posed by research involving GMOs with either of two modes of reproduction by
selfing: 1) self-fertilizing hermaphroditism; or 2) true parthenogenesis.

Accidental escape of a single GMO individual with either reproductive mode could
result in the establishment of an entire population of GMO descendants. Following
the precautionary principle, this high potential for population establishment
demands that research with these types of GMOs employ the most stringent level
of confinement possible.

» Non-Dioecious GMOs of High Concern - Proceed to Risk Management VLB.
Researchers using GMOs which are self-fertilizing hermaphrodites or true

parthenogens should proceed to Risk Management VI.B. in the Flowcharts and
manage for no/negligible accidental escapees. However, proceeding through
the Flowcharts using the clarified terms below, will assist in identifying issues
to consider in developing risk management. If one of the biological barriers
used is induced sterility, permanence of sterility is essential.

Clarification of Flowchart Terms for Other Non-Dioecious GMOs

¢ Other Non-Dioecious GMOs - Proceed through Flowcharts.

Researchers using other non-dioecious GMOs may proceed through the
Flowcharts using the following clarifications as a guide to applying the
questions to their research. The appropriate outcome will be based on
responses to the Flowchart questions, as modified with the clarifications below.

Interbreeding and Hybridization. (Flowcharts I1.A.1, II.B.1, , IV.A.1). In the case
of parthenogenic GMOs, questions about "interbreeding” or "hybridization” refer
to the presence of species in the accessible ecosystem with which the
parthenogenic GMO can interact and reproduce. Specifically, it refers to the
presence of species in which males have the capability to initiate embryogenesis in
the parthenogen, regardless of whether or not the males actually contribute DNA to

progeny.

In the case of hermaphroditic GMOs, "interbreeding” and "hybridization" refer to
the potential for cross-fertilization of these GMOs with other hermaphroditic
individuals, or with any other species.
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Immediate potential for introgression. (Flowchart I1.A.1). For parthenogens, the

immediate potential for introgression and consequent effects (addressed in
Flowchart IV.A) are generally not a concern. Instead, the primary concern is the
potential establishment of a viable GMO population and any direct or indirect
adverse effects on other organisms or ecosystem structure and processes (addressed
beginning with Flowchart IV.B). Therefore, if the GMO is a parthenogen and
Flowchart I1.A.1 directs you to IV.A, you should proceed instead to Flowchart
IV.B.

Hermaphroditic GMOs with potential for cross-fertilization do pose concern of
immediate potential for introgression. Therefore, if the GMO is a hermaphrodite
and you are directed to Flowchart IV.A, you should proceed as directed.

Interspecific hybrid involving Parthenogenic GMOs and Introgressive
hybridization. (Flowchart II.C.1). Two cases of parthenogenic "hybridization” are
presently known to exist. In one case, the male contributes DNA and sperm
(hybridogenesis in Poeciliopsis). In the second case, the sperm usually only
triggers embryogenesis (gynogenesis in Poecilia); Schartl et al. (1995) documented
an exception where males of another species contributed microchromosomes to
offspring of matings with the all-female P. formosa. In either case, the progeny
should be considered interspecifc hybrids for the purpose of these Flowcharts. In
either case, if the males are a protected species, reproductive competition whereby
too many males mate with parthenogenic GMO females of another species rather
than with females of their own species is a greater risk than is introgressive
hybridization.

Reproductively mature. (Flowchart III). Identification of reproductively mature
individuals among sequential hermaphrodites should be considered carefully.
Consult experts for advice on age at which individuals should be examined and
proper methods to determine maturity.

Abiotic factors of accessible ecosystem. (Flowchart IV.B) For non-dioecious
GMGOs, in addition to considering whether or not abiotic factors might preclude
reproduction, the possibility that abiotic factors might induce reproduction should
also be examined.

In the case of GMOs which are thought to be dioecious, the potential for abiotic
factors to trigger non-dioecious reproduction should also be considered, with
consultation from experts. In one study, environmental factors in captive rearing
conditions of an outdoor shrimp farm was suspected to have triggered a low
incidence of hermaphroditism in the farmed population (Perez-Farfante and
Roberston 1992).
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When using Flowchart IV.B for non-dioecious GMOs, the following conditions
must be met to allow for EXIT of the Standards at this point:

1. the accessible ecosystem lacks abiotic factors that trigger reproduction;

2. the accessible ecosystem has abiotic factors that do preclude reproduction;
and

3. the accessible ecosystem lacks conspecifics or closely related species that
can trigger embryogenesis.

BS



APPENDIX C: CHEMICAL STERILIZATION OF SEA WATER

Chlorine is the disinfectant most often used for water and waste water treatment.
When chlorine is added to fresh water, hydrochloric and hypochlorous acids are
formed.

Cl, + H,0 = 2H+ + CI™ + OCI™

In pure fresh water, the primary disinfectant and bleaching agent is hypochlorous
acid (HOCI) or the ion, hypochlorite (OC1™). In sea water, hypochlorous acid
will react with naturally occurring bromide ion to produce hypobromous acid
(HOBr). Ammonia in either fresh or salt water will in turn react with
hypochlorite or hypobromite to form chlor- or bromamines (e.g.
monochloramine (NH>Cl) or monobromamine (NH;Br)). All of these
halogenated compounds contribute to the disinfectant and bleaching properties of
the mixture.

Clorox, which is a 5.25% solution of sodium hypochlorite (NaOCl) is used as a
source of OC1 to disinfect sea water or containers. Clorox is readily available
and safer to handle than other sources of hypochlorite.

Natural sea water can be passed through a filter (bag, cartridge, or sand filters)
to remove large organisms and debris. Clorox is then added to sterilize the water
before or after use as required. The water is left standing for at least 4 hours to
insure sterilization. Since chlorine is toxic to embryos and larvae of marine
organisms, the water must be dechlorinated. To dechlorinate, sodium thiosulfate
(NazS703) crystals are dissolved in hot fresh water and added to the chlorinated
water. The water should be aerated to insure uniform mixing and hence adequate
dechlorination. A chlorine test kit of the type used to test swimming pools is
suitable to verify the removal of all chlorine. '

Table C1. Amounts of clorox and thiosulfate used to disinfect marine or estuarine water: examples
for different sizes of tanks.

Container vol (gal) vol (1) clorox (ml)  sodium thiosulfate (g)*
Carboy 5 19 5 0.2

Trash Can 40 113 20 0.5

Tank 100 380 67 1.7

Tank 400 1514 150 5.0

Tank 1000 3785 350 12.0

*Do not add sodium thiosulfate until 4 hours after the Clorox is added.
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APPENDIX D: SCHEMATIC DIAGRAMS OF EXAMPLES OF
MECHANICAL BARRIERS

10

s 3
water drain
flow holes

Figure D1. Sock filter trap. Effluent from any incubator or rearing tank holding
fish embryos, larval fish, or small fish passes through such a trap. Any escaping
organisms are trapped by a 0.3 mm mesh net. An overflow net will filter the
effluent if the lower net should become occluded. Effluent discharged through the
drain holes goes to the indoor laboratory’s common effluent drain. Barriers for the
common effluent drain are depicted in Figure D2.
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Reaning tank (w/ screened outlet

‘ _ and secure cover)
Overflow drain to sanitary \
sewer (w/ basket strainer)
Drain to storm sewer ;‘J@r]'
\)
N
wedgewire

screens (1 mm)

Figure D2. Two stainless steel wedgewire screens in series act as final barriers for
the common effluent from flowthrough experimental units located in an indoor
research facility for fish. There is a 1mm wide gap between the stainless steel
wedgewires. Effluent from any experimental units holding fish smaller than a total
length of 2 cm must first pass through a sock filter trap (Fig. D1). Effluent from
units holding fish at or above a total length of 2 cm (equivalent to a head diameter
of 2 mm) goes directly to these screens. Empirical tests showed that the screens
will clearly retain fish at or above this size.
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Drain pipe from ponds

Screen box enclosure
18" above ground

Ground Level lj bdellow ?’ 0111'1:1
Jn] . inches o \'
2 MMM &ra

N\

R 3 1/2 feet of gravel
N

\
:’:\\\\\\\‘ (4 inch dia.)

wrapped in Agri-Fabric
4 inches of gravel

Agri-Fabric
6 inches of gravel

Cutaway view
(with screen box / drain pipe insert)

Figure D3. Schematic drawing of a French drain for outdoor fish ponds. Normally
run as static systems, such research ponds might be drained partially during
sampling or entirely at the end of an experiment. The French drain is designed to
retain the smallest possible size of fish reared in the pond. Water discharged from
this drain eventually reaches surface waters, (Adapted from Cooperative State
Research Service 1990, as cited in Cooperative State Research Service 1990a.)
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APPENDIX E: ABRAC WORKING GROUP ON AQUATIC
BIOTECHNOLOGY AND ENVIRONMENTAL SAFETY
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University of Minnesota
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Dr. James Tiedje

NSF Center for Microbial Ecology
Michigan State University

East Lansing, MI 48824
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APPENDIX F: PARTICIPANTS IN THE WORKSHOP ON PERFORMANCE STANDARDS
FOR RESEARCH WITH GENETICALLY MODIFIED FISH AND SHELLFISH

August 18-20 1993, University of Minnesota, Minneapolis, MN

NOTE: Telephone numbers are listed first, followed by FAX numbers.
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