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August 2. 1995 

Dr. Karl N. Stauber 
Under Secretary 
Research, Education, and Economics 
U.S. Department of Agriculture 
14th and Independence Avenue S.W. 
Washington, D.C. 20250 

Dear Dr. Stauber: 

Enclosed herewith is a copy of the Performance Standards for Safely Conducting 
Research with Cenetically 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 generically 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 Envirorimental 
Safety. Dr. Kapuscinski deftly coordinated divergent views on diverse issues and 
personally shepherded these performance standards through multiple revisions to their 
final present forrn. 

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

1. The perfonnance 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 e~rpert 
system for dissemination to the aquatic research community and other interested 
parties. 

3. Sponsor a serie~ of Federal/State workshops to introduce the performance 
standaJtis to aquatic researchers and State natural resource agency officials. 
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Dr. Karl N. Stauber Page 2 

The ABRAC appreciates the opportunity to develop these science based performance 
standards for aquatic biotechnology research. ABRAC members s,incerely 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, 

~y~~JJ~ )~ )$~ ~ 

Walter A. Hill, Chair 
Agriculture Biotechnology 
Research Advisory Committee 

Enclosure 
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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 td 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 concems 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 199 1). 
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Im ortance of fosterin environmentall safe research 
Facilitation of environmentally safe research, through use of these Perfonnance 
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 phramount 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, either 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 develo ment 
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 infonuation 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. 

Flexibilit of erformance 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 criteri.a. 
To ensure this flexibility, performance standards are structured to accommodate 
a dynamic, rapidly changing state-of-the-art. 
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Encoura e 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 Perfounance 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 (NlH) "Guidelines for Research Involving Recombinant DNA Molecules" 
(NlH 1994), including the most recent amendments (e.g., NIH 1995), and be 
approved by an Institutional Biosafety Committee, biosafety officer, or other 
body. A11 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 NlH 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. ") 
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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 altemative 
decisions in the Flowcharts, presents more detailed risk management 
recommendations, and proyides 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 ex ert s stem 
The ABRAC Working Group on Aquatic Biotechnology and the full ABRAC 
have recommended conversion of the three components of the Perfonuance 
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 cumbersome 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 delibcrate gene 
changes is bypassed, the researcher is directed to assessment of deliberate 
chromosomal manipulations (Flowcharts whose title begin with II.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 II.C). 

Each assessment pathway begins with Survival and Reproduction Assessment 
(Flowcharts whose titles begin with 11 or 111). 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. 
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All subsequent Flowcharts are designed to address organisms with a dioecious 
mode of reproduction because this is the most connnon 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 fonns, 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 fonus 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 propose(rproject 
involves a bearing spccies, particularly an intemal 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 detenninant of 
risk or safety, such information can facilitate a determination of whether the 
modification decreases, increases, or has no effect on erivironmental 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: 

( I ) Deliberate Gene Changes - including changes in genes, transposable 
elements, non-coding DNA (including regulatory sequences), synthetic 
DNA sequences, and mitochondrial DNA; 
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(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; i.e., further use of the standards for the proposed research is not 
necessary (see Flowcharts II.A, II.B, and II.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 brganisms bearing Pathogens). Guidahce 
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. 
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Rationale for Applicable and Non-applicable Organisms 

In defining genetically modified organisms for which use of the Standards is 
appropriate, clear objective cnteria were sought that can be readily applied a 
priori to conducting a conrprehensive risk assessment such as that embodied in the 
Standards. The objective is to make the Standards applicable to those modified 
organisms 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 inijectious 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 Halleunan 1991). 

Deliberate ene chan es 
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 gerniline 
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 regulatory elements of the introduced genetic construct are at 
issue in detennining 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 genorne. 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 
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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 mani ulations 
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 II.B.1), 
involvement in mating behavior (see Flowcharts 111 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, 
patemal 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 of descendants. 

Although the sterility offered by inducing triploidv. 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, 
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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 nuniber 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 II.B.1, 111., 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 concems, 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 
II.B, II.B.1, and 111, may allow early exit from further use of the Standarcs in 
specific cases. 

Deliberate inters ecific h bridization 
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 
II.C.1). Interspecific hybridization is quite common in fishes (Turner 1984, 
Collares-Pereira 1 987). 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 (Fl) 

hybrids, but second generation (F2) 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. 1 995). Concern about such introgressive hybridization is heightened when 
the affected species are threatened, endangered, or of special concem; the 
Perfonnance Standards recommend risk management in this situation (see 
Flowcharts II.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 abs_olute quality rather than a quantitative or 
probabilistic quality. Releases of sterile hybrids can disrupt spawning of parental 
species' populations (see Flowchart 111), 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. 

Intras ecific selective breedin and ca tive breedin 
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, i 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.l 
However, there is far less concem 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 nonnally 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. 

II.A, II.B, II.C. SURVIVAL AND REPRODUCTION ASSESSMENT 

Flowcharts II.A, II.B, and II.C , and their subordinate flowcharts, are designed to 
allovi 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 II.A, II.A. I , and subsequent paths; 
an interspecific hybrid with induced triploidy is assessed by proceeding through 
Flowcharts II.B , II.B . I , and subsequent paths; and a fish modified solely by 
interspecific hybridization is assessed by proceeding through Flowcharts II.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 tenus (1) 
deliberate change of genes. (2) deliberate chromosomal manipulations, and (3) 

l Environmental effects of selective breeding and captive breeding, with respect to fisheries 
stocking programs and commercial aquaculture, are under active discussion in other aquatic 
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 
tenn, 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 conunonly 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 VI., "Project siting to 
avoid certain risks"). 

Assessin survivabilit of GMO in accessible ecos stems 
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 2 1 ,OOO 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 is 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 infonnation 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 is, 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 abilit to dis erse 
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 *~ntering 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 ecos stem 
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 life 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 
1 993 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 Reconnnendations"). 

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 Concern 

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 I (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, B-galactosidase, was tested (Wood et al. 1 993). 
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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 I , 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 
- Food Utilization 

- Shift to different prey size 
- Alter nutrient and energy 
flows 

Tolerance of 
Physical Factors 

- Temperature 
- Salinity 

- pH 
- Pressure 

- Shift preferred habitats 
- Alter geographic range 

Behavror - Reproduction 
- Territoriality 

- Migration 
- Chemosensory (including 
pheromones, allelochemicals) 
- Swin~in /navigation 

- Alter life history patterns 
- Alter population dynamics 
- Alter species interactions 

Resource or 
Substrate Use 

- Food utilization - Release from ecological 
lirnits - Alter food webs 

Population 
Regulating Factors 

- Novel disease resistance 
- Reduced predation/parasitism 
- Habitat preference 

- Alter population and 
community dynamics 

- Release from ecological 
limits 

Re production - Mode 
- Age at maturation and duration 
- Fecundity 
- Sterili 

- Alter population and 
community dynamics 

- Interfere with reproduction 
of related organisms 

Morphology - Shape and size 
- Color 
- Fin/a enda e form 

- Alter species interactions 

Life History - Enibryonic and larvai development 
- Metamorphosis 
-Lifes an 

- Alter life history patterns 
- Alter population and 
communit d namics 
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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 st~rilized. 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 le~d 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 II.C. I , 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. I . Ecosystem 
Effects - Impacts of Introgression of Modified Gene(s)." 

Potential for interbreedin with closel related s ecies 
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 1 987). Additionally, 
interspecific hybrids of many aquatic species are fertile. 

Permanent Sterility 

Flowcharts II.A., I II.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 spenn 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. 1 989, Williams et al 1989, Minckley and Deacon 
1 99 1). Shellfish species are also in rapid decline. The most diverse freshwater 
mussel 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-teun 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 Modified 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 pernrit 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-indig~hous species, 
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researchers can consult a number of papers and suggested protocols developed by 
various organizations concemed 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 1 986, 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). 

II.B.1. IMPACT OF DELIBERATE CHROMOSOMAL 
MANlPULATIONS 

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 *), Iocated under the following 
headings: 

I. Applicability of Performance Standards 
Rationale for Applicable and Non-applicable Organisms 

*Deliberate Chromosomal Manipulations 
*Deliberate Interspecific Hybridization 

II.A. I . 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 Certaiu 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 111 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 und~r 
subheading, "Deliberate Intersp.ecific Hybridization" under I Applicability of 
Performance Standards." Questions address presence of both parental and other 
closely related species in the accessible ec.osystem 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 II.A.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 II.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 II.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 111. Otherwise, the user next deterrnines 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 "Impac.t on Threatened, Endangered, or 
Special Concem 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 functionally 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 concem 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 nonnal 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-A~plicable Organisms" presented 
additional rationale regarding these risks under the sub-heading, "Deliberate 
Chromosomal Manipulations." 

Flowchart 111 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 concem 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 affirrnative 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 
hatural 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 shellfish 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 
GMOS into natural populations begins by asking if the GMO expresses one or 
more phenotypic changes listed in Table I . 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 I , 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. I 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 detennine if the genetic modification produces changes in one or 
more traits listed in Table I , the researcher must be familiar with the overall 
performance of the GMO throughout its life cycle. Familiarity is based on a 
combination of infonnation 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 unintended 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 GMOs, 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 comer 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 modifled 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, FsT, 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 FST 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 
10wer 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 MQdified 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 q=square root of (u/s) (Dobzhansky 
1970, p. 190). With the frequency of homozygotes of the new allele being q2, the 
population suffers impairment sq2=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 conrpleted can be very large (Hartl 1988). Additionally, if the fitness of 
escaped GMO or early generations of introgressed descendants is reduced, the 
fitness of fu~ure 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 penuit survival of 
the GMO at issue (as determined in Flowchart II.A, II.B, or II.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 

28 



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, Iack of freshwatel 
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 also 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, fitness 
estimation is for all descendants of the self-reproducing GMO population, not for 
introgressed progeny generated by matings between GMO and unmodified adults. 
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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)L~~Curvilinearity in this relationship suggests density dependence, as 
~~ ~~~-~~ex'~'emplifi~d 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 densit de e dence in stock-recruitment can offset o ulation 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 
10wer 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 VI.A 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 d, esign of risk.management for 
no/negligible escapes. The concept of "no/ negligible escapes rs further 
explained below in the introduction section of "VI. Risk Management 
Recommendations: Project Siting, Design, Operations, and Review (Flowcharts 
VI.A & VI.B." 

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 
Po pulations 

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 e~tinction 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 tool for conducting the assessments 
requested in this Flowchart. Then, data on phenotypic changes exhibited by the 
GMO derived from laboratory or mesocosm 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." Iocated 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 to 
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,e., 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 ecological 
effects of accidentally escaped GMOs. In particular, they reconunended 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). 

Si nificant interactions 
A number of species interactions are impoytant 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) 
indir~ct 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 cmp 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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Consi eration of other or anisms 
Assessment of species interactions involving the GMO should specifically address 
populations of conspecifics and closely related species. There is growing 
evidenee 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. 1 986, Vincent 1987). This raises the concem 
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 caunot interbreed with them because such displacement is the 
first step towards decline and extirpation of natural populations. Possible adverse 
ecological consequences include declines in gen~tic 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 conunercial 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; (c) 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 redictabilit of ecos stem 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, 
altemating "steady" states, with "steady" defined in relatively short time scales, 
no more than a few decades. However, as ecological knowledge increasbs, the 
altemating 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 whiph 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 retum to its previous, more desirable state. 

De raded state of ecos stems 
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 artifircial 
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 confmement measures are advised so that fairrly large numbers of GMOS 
might escape from the research projeet. Before proceeding to this EXIT, 
therefore, it is important to assess whether or not, through one or more of the 
assessed interactions, Iarge-scale introductions of modified organisms could act as 
agents of natural selection on other organisms in the connnunity, and what the 
ecological consequences might be. 

VI. RISK MANAGEMENT RECOMMENDATIONS: PROJECT 
SITING, DESIGN, OPERATIONS, AND REVIEW 

(Flowcharts VI.A & VI.B.) 

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. Plauning 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-s eclfrc a roach com lemented b 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 VI.B. Detennination 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 VI.B; 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 ro'ects versus conunercial o erations 
The recommendations laid out in this section are designed to manage speciflc 
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 modlfied 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, Iake, 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 tomadoes, and other episodes of high winds. 

Different criteria for freshwater and m nne 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 speafied 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 su~section 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 Mar ine 
Flooding Above the 100 year flood level 

Storm drains designed for 100 
year rainfall event or storage 

provided 

Surface runoff diverted around 
ro'ect site 

Flood level and storm drain 
criteria not applicable - place 

greater emphasis on 
management of experimental 

scale and other factors 

Surface runoff diverted around 
ro'ect site 

Wind Loadings l current requirements for 
laboratory facilities 

current requirements for 
laborato facilities 

Snow Loadingsl current requirements for 
laborato facilities 

current requirements for 
laborato facilities 

Seis~lic Loadingsl 
~ ~ '~ 

current requirements for 
laborato facilities 

current requirements for 
laborato facilities 

Others l current requirements for 
laboratory facilities 

current requirements for 
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, Ioading 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). 

Pro'ect sitin to avoid certain risks 
As summarized on Flowchart VI.A, 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 (1. 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 speafied in Flowchart VI.A or VI.B, of all llfe 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 baniers 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 banier 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 ran.ge 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 ap.d total number of barriers. 
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At least four types of possible barriers to aquatic escape paths are available to the 
researcher: 

Ph sical or chemical barriers 
These are manipulations of physical (e.g., water) or chemical (e.g., pH) attributes 
of rearing water to induce 100'~o 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 1 5-30 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 
isolation 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. 

Biolo ical barriers 
Biological features or alterations of all or a specific portion of the project's 
GMOS 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 GMOS 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 baniers because inter-individual variability in efficacy of the 
biological barrier is expected. The project, therefore, must have at least one 
other type of balrier in its total number of barriers. Exanrples 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 site2; or (3) all cultured GMOS are made 
permanently sterile before they reach reproductive maturity in captivity. 

Scale of ex eriment 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 VI.B). It 
will be dlfficult to identl~5, and justl~; 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 ossible esca e aths of the water s stem 
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); effluent 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 barrier 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 
least 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 altemative 
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 esca e via non-a uatic aths 
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 ofexperimental 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 situations 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, Iabeled 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 aerosols 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 
Qf 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 Iife stages and 
thoroughly drained prior to transport off-site. An inventory of project 
equipment is reconunended. 

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 

measures. 

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 
back round checkl yes 
access control ke s cards 
si n in & out recommended 
ID bad e with hoto recommended 
Security training yes 

Visitors 
si n in & out reconnnended 
Escorts re urred es 

Animals (outdoor facilities) 
electric fences recommended 
bird netting recommended 
buned Imers or suitable barriers 
against burrowing animals 

yes for outdoor ponds 

Facility 
Full erimeter control yes 
Securit alanns reconunended 
Contracted responder or poiice 
res onse to securit alanns 

recommended 

si ns/warnings yes 
wntten securi lan es 

eer and site review es 
l 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 b~ carefully considered (Table 4). A11 
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 
alann systems should not be the exclusive form of monitoring, but rather 
should provide a backup to human monitoring. 

Table 4. Types of required and recornmended alanns for projects requiring management of 
specific risks. 

Alarm Type Required or Optional Comments 

Water Level Alarms required 
require phone dialer, Iocal 
signal, and power backup 

Flooding Alanns requlred if project is below 100 yr. 
flood level; otherwise optional 

effectiveness depends on 
phone dialer, Iocal signal, 
and power backup 

Perimeter Alarms 
~ [*'-'_.*. 

required if rearing units outdoors; 
otherwise optional 

effectiveness depends on 
phone dialer, Iocal signal, 
and power backup 

Intrusion AlaJlns o ptional effectiveness depends on 
phone dialer, Iocal signal. 
and ower backu 

Stand-by Power 

Stand-by power is needed, not only to prevent damage to research experiments, 
but also to avoid possible faiilure 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). 

Trainin 
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 
researeh project. 

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

Ty e Required Optional 
Routine Principal Investigators and other 

Pro 'ect Staff 

Emergency All personnel designated as 
emergency responder 

Refreshers plus drill for all 
personnel designated as emergency 

res onder 
Public Reconunended as institutionai 

res onsibili 

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 recommendatrons: "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 kee in 
Adequate records must be kept to aSsess compliance with the operational plan 
(Table 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 sufficien~y large 
individuals is strongly encouraged because it will permit tracking of every 
modified individual. 

Emer enc res onse lan 
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 Optiona 
Personnel logs (in and out of 

facili ) 
recommended 

E ui ment movement logs recommended 
Marking of individual animals recommended, if ossible 
Ex erimental lo s re uired 
Animal inventory logs larger animals - required 

smaller animals - recommended to 
extent ossible 

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 , 

Notzfication 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 
is 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 obcur 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, Iess extensive peer re.view 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 rior to start-u of ro'ect 
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 (NlH) "Guidelines for Research Involving Recombinant DNA Molecules" 
(NlH 1994), ipcluding the most recent amendments (e,g., NlH 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. 

48 



J r 

Site reviews after start-u of ro'ect 
Site reviews are highly reconunended and their scheduling 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 ro osal 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, 
Perfonnance 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. 

Pro'ect a roval 
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 limitin re roduction (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 ecos ste 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 extremel unlikel (IV.A. 1) Population decline, combined with 
demographic or stochastic affects, can result in local extirpations. Therefore, such 
population decline should be avoided. 

Aneu loid 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 cany 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 int'ernal 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). 

Ca tive breedin the controlled husbandry of an aquatic organism under conditions 
of confinement. 

Catadrom refers to the life history pattem 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). 

Cons ecific refers to an individual belonging to the same species. 

Dioecious Dioec literally, two houses; for a given species, (the condition oO 
having male and female reproductive organs in separate, tinisexual individuals. 
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Di loid refers to an individual bearing the usual two haploid sets of chromosomes. 

Environmental safet 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 concem species. 

E istasis the situation where one gene affects the expression of another. 

Extremel low survivorshi (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. 

~:sF T 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 FST m natural populations include not only rdndom (lrift, but 
also migration, natural selection, and mutation. In spite of the resulting complexity 
in interpretation, FST rs still useful as an index of genetic differentiation (Hartl 

1988). 

Gene intro ression incorporation of a ~ene 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). 

Herma hrodite an individual having both male and female reproductive organs. A 
sixnultaneous 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 enyi,onment, affecting its suitability as 
habitat for another species, and (2) cascading effects of altered trophic function in 
aquatic communities. 

59 



f 

Infectious material or a ent 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. 

Inters ecific h bridization the process of producing a hybrid individual resulting 
from mating between an adult from one species and an adult from another, different 

s pecies. 

Inters ecific re roduction the production of progeny due to mating between 
individuals of different species. See: interspecific hybridization. 

Intras ecific selective breedin 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. 

Intro ression 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 

s pecies . 

Intro re sive h bridization 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 se uence 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. 

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

Non-dio cious the condition of not having male and female reproductive organs in 
separate, unisexual individuals; monecious. 
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Non-indi enous s ecies 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-re roductive interference undesired impacts upon a species by a geneticauy 
modified organism by other than reproductive mechanisms, e.g., through 
heightened competition, predation, parasitism, etc. 

Novel trait (1) expression of a compound not nonnally 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 honuone 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 henot e 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 or anism 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. 

Partheno en Partheno enesis An organism which develops (the process of 
development) from an egg without fertilization. 

Permanentl sterile - see sterile. 

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

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

Pol loid the condition of having a number of chromosome sets is greater than 
the usual number. 
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Processes of an ecos stem refers to the biological, chemical, or physical processes 
occuning in aquatic ecosystems. Also called ecosystem function. 

Protected o ulation - 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. 

Re roductive 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. 

Re roductivel mature a e - also called sexual maturity. 

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

Resilienc is the ability of an ecosystem to recover to its previous state after a major 

disturbance. 

Self-fertilizin herma hrodites organisms having both male and female 
reproductive organs, and which are capable of reproduction by means of fertilizing 
their own eggs. 

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

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

Tetra loid refers to an individual bearing four, instead of the usual two haploid sets 

of chromosomes. 

Tri loid refers to an individual bearing three, instead of the usual two haploid sets 

of chromosomes. 

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

Uni tentional trait chan es (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 197 1). 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 
SPECIES PROGRAM (ANS) 

FROM THE AQUATIC NUISANCE 

The following excerpts are photocopies from, "Proposed Aquatic Nuisance 
Species Prograrn, 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, 1 849 C Street N.W.. Washington, D.C. 20240. 

Table 2: 

Appendix H : 

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

Protocol for Evaluating Research Proposals Concerning 
Nonindigenous Aquatic Species. 
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2~:E 
SpSCIES 

shipping 

o Ballaat water and sedi!uentg 
o Anchor chainB and chain lccker8 
o Sanit~iy water 
c Hull surface,! 
c Eilge water and sedi:Tlentg 
c Propeller-~haft housing 
o Traah/refuge/garba9e 

Floating Oil/QalF Drilling Platfarllut 

RGcreational Boating 

o Hull eurfaces 
o WaBte aanitary water 
o Bait wells 
G Bilge water and sediments 
G }(ctor!5 
G Aes(::ciated tcola and e(zuipment 

,(~(iia (e.g., water, aeaweed. Boil, etc.]. ContJLJJ1ler• and E(rulpltGnt 
to TraJasport LivG Or9ani,rli 

o A(ZuariuJ~o fish, plantsl etc. 
o Bait 
o Aquaculture fi8h, 9hellfish, plants, etc. 
o Fiahery manage!nent (e.9•• fieh Btocking) 
G Re~earch apeciJTlene 
a ornaxRental, other plants 
o path09enEs in tar9et ani!nals 

Frelh cr Fro:,en s(eafocd Tranl'pqrt Ind Di8po•al 
Eulas CreJ~te(i Water Counectioni 

o Navi9ation canal9 (e.g-. Erie and Welland Canalg) 
o InterbaBin water tranBferg (e.g., for irrigatian, 

fuunicipal/induBtrial water 9upply, etc.] (t4eador 1992) 

N~Ltural Pattll(aYl 

o ,V~Lterfowl and other water birdG 
o HYbrid backcroeeeB 

U•ed 
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App•~dix H 
PROTOCOL FOR EVALUATING Rl3SEARCH 

PROPOSALS CONCERNlNG NONINDIGENOUS 
AQUATIC SPECIES 

Introduction 

The Nonindigenouc Aquatic Nuiaance Prev(,ntion and Control Act of 199a (Act. 
Pubiic Law 101-G4~S. 104 STa:T. 46711 16 U.S.C. 4701-4741 approved Noveaber 29. 
1991) requiree that an intergove:!I~ental Aquatic Nuiaance Specie8 Taek Force 
develop and follold a protocol to ensure that rel~earch carried qut under 
Subtitle C of the Act doe6 not reeult is the wlintentional intreductian cr 
diE,per~al Qf nonindigenaue aqlaatic nui8a!Tce 6pecie8 ta the water8 af the 
United State8. This protocol tulfille the requireme,ttH of the Act. The Ta5k 
Force intends to develop the reeearch prQtocol flarther baeed on experience 
gained througtl inplelnentation of this protocai. Thie protocol will supple,nent 
other exiating Federal protoc018 eetabliehed to control activitiee with 
specific IEajar elaeaee of organisaae. Iruch as thoee already eetablished for 
plan:ts and incecta under the Plant Quarantine Act of. 1912 a!td the Federal 
Pla!It Pegt AGt of l95a, and fcr reeearch involvi!~g reco$nbinast !)NA ~Oleeules 
under the Public Eealth Serviee Act of 1944. 

Thi~ protocol ~ust be used when reaearch ia carried out under Subtitle C of 
the Act. r!Idividuala , etatee, corporationt, , aRd inetitutione nGt Gthexwise 
covered by thi8 reeearch protocol are encouraged to fallov the protacol to 
prevent introductions of nonindigenoul! aquatic nuisance apeciea thraugh 
reEearch activities . Prevention of introductionH through ather !nean8 i8 being 
addrel~sed in the Ta5k Force'e propeeed Aquatic Nui8ance Speciee PrograsL (which 
addreseeG preve!1;tian, detection and ubonitoring, and controL of noTtindil~fenous 
a,~F~atic !luisance 5peciea, . A!1 Intentianal Introduction8 Policy Review 
Co!!Tlnittee ie al80 meeting to review !!tethode by which intentional introduction8 
are and can be cQntrolled. Thi8 coo~ittee ' 8 report and reco~Ttendationg a~Ld 
the Ta8k Force',s PrograJn l~ill be published and receive public conHnent-

A Research 'Protocol Co!T~uittee (Appendix 111] cocppo~ed cf representative8 froEa 
the Ta8k Force lae!ubers vaE establi8hed to develcp the required reeearch 
protocol. The committee met in Gainel5ville. Florida, cn June 25. 26 and 27. 
1991, drafted the protoccl. and prepared policy recoo~endations to the Task 
Force concerninq jJ1:1plementaticn of the protoccl. The draft protacol wa8 
circulated to all TaE}e Force ngenciee for review. A ,5econd draft waB 
presented to the Task Force on Septe,nbl:r 21. 1991- Following a :neeting of the 
ReBearch Protocol Col~E1littee on April I and 2. 1992, and receipt of additional 
cowzuentB fre~L Federal and non-Federal source8, a finaL drsft wag prepa!:ed a!~d 
presented for Task Force approval cn April 21, 1992- The re~earch protocol 
was adopted by the Task Force cn April 22. 1992. 

E-l 

,;~'+i•~'•*i;{ {~S'$. ~ 



Research Protocol 

The research protocol consi~ts of two parts: a risk aesel~sment qYestionnaire 
( Part I J and a ,~et of gui,S:elines outlining reqwired preventative ccntaisl,:lent 
and confinestent procedu:res (Pa::t II]. The ris;c assesl;!T~ent queationnaire 
requires the Principal Investigator to evaluate the riek that the: species, if 
it e8capee or is released, will be a nuinance. and to deterTnine if 
preventative !!leaeures mutst be taken to prevent the 8pecie!~ from escaping or 
being -released- Research ,T~ay be conducted with no specir.~ preventative 
,oeasureB if: Il the resea•:ch 8ite is within the present range af the epecieei~ 
2) the epecies ig free cf no!?indigenous di8ea8e8, parasiteG or other 
e,ctraneoue viable Inaterial; 3 ) the epecies il~ not likely to be a nuieance if 
releagedi and 4 J the epeciee cannot ,~uxlrive in the water8 adjace!1Lt to the 
research locationt or S , only non-vLable for!n8 are u8eds or 6) the reeearch 
doee not involve actual handling ar tran8fer af the specief:, (e.g. co~puter 
modelling and in situ data collection,. 

The secand part of the protocal il! ~L detailed set af preventative contai~nent 
and cenfij:Lement guidelinee that the Principal Inve8tigator !su8t follow to 
prevent the escape or releaGe of any reBearch ,!peciee that fail8 to Ineet one 
or Elore cf the conditiorLg liated above. If any of theee caTlditionc exiet, the 
Principal InlFestigator ~:ust take preventative !Qeasures that will contain or 
confine the epecieE; to the reaearch facility-

Appendix I iJ~ a lint cf ses~e of the preaently exi8ting guideline~, and 
protocols that Hlay be used ae reaaurcee by inveatigatorH ta identify the type8 
of precautions that can be taken to prevent unintentional reieases of 
orgaxtisma used in research. The 8pecifLc precaution5 needed (which include 
pracedural and facility deaign and uee elel:~ente, will depend on the specie8 to 
be etudied, its life stage and eize (e.g. !uacr08copic and/or microscopic. and 
eize range within each), the ecope of the project, the characteristice of the 
re8earch 8ite location vith regard to the 8peciea' critical enviro!1xuental 
factorl; , and the potent~al cf the epeciee to 8urvive in that locale and to be 
a nuieance- If the speciee ie a di8ea~,e-causing organil5:~ or a para,;ite, or 
the epeciea or the eource of the 8pecie,, under consideration i8 not frelE! af 
nonindigenoue di8eaBee cr paraEiteG, extra precauticn,, !nay he necea~!ary- 2(oBt 
of the guidelines listed require thlt teet ,~pecie8 be contained or confined bY 
sorue coo:bination of phyeical, biological, cheJ:~ical, and/or envirorunental 
barrierG, or by liJniting the eccpe cf the res~arch. The nu!nber and tYPe8 of 
barriere needed depend9 on the speciee and the potential problexn8 the ~,pecies 
could creete if it eBcapeB or is relea8ed from the re9earch 8ite. 

Procedures to Process Research Proposals 

1. The Principai Investigator 

The Principal Inve,~ti9ator will subaait all research propoealJ5 concerning 
nonindigenou$~ aquatic speciee to their Researctl InBtitution fGr review --
ul5ually the Research Institution will eetablish a coi:Imittee similar in 
sTlemb~rship, roleB and responBibilities to the Inetitutional 13ioEafetY 
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Cem!uittee ( IEc] described in the National :nstitutea pf Health (,(IH] 
(3uidelines for !(eeearch Involving RecolnjDinaut DNA 240lecules (Federal 
Register 5~• Number 8e. page 16959 (SI FR 169S9,,. In the propoeal the 
Principal Inve,!tigator !:1ust de:nonetrate a kuowledge of the life history and 
biolagy of the E!pecies . provide all infor~ation neceslsary for preparation of 
an enviroiuaental aeseBsl:tent , and previde citation8 for all Eupporting data-
If the ,!pecie,! i8 found to repreeent any poe8ibility of being a nuiHance (risk 
a8G~88,Dent queationnalrej , the prcpaeal •~uet clearly demonatrate that: 
l, adequate eonfinemest and contai!1Joent procedurea will be in place during 
reeearch alad throughcut the ti~le that the epeciee is heldi and 2 J the 
Principal Invel~tigator has incerporated intQ the etudy l?lan proceduree. 
facility design eleTueht8, and other preventative !oea8uree analogou8 ta thoae 
in guidelineH developed by NIH for rel~earch in reco~biaant DNA, and the 
O.S. Departnent bf Agricultl!tre for re8earch in ~griaJLltural biJotechnalogy 
(49 FR S0856. S1 FR 2S302. a!Id 56 FR 4134,. vhich are adequate to contain and 
confine i:he epeciel~ anc~ any pathogenc or para8itei, it !nay c!antain or be 
infeated with. 

~ The Institutional BIQsafety Co!1lnlittee 

The IBC x!luat dete:Taine if the proposul is co!!lplete. and that it includee an 
accura:tely ccRnpleted risk asaesEment queationnaire. all required life hiHtory 
and bialogical data. and adequate and detailed contaJJ1'nent and confine8~ent 
,aeasures. The IBC should also detemine that the propoeal co,ilplie8 with all 
applicable loeal. 9tate, and national law8 and reqvlation8. The IBC should 
deteJ~ine if a epeciee-specific contai!1J~ent/confine~ent protocol hae been 
approved by the Reeearch Protocol Coa,Rittee for the 8pecieJ5 and if I~'a. whether 
the propoeal fully 1:leets all req,,;ire!!Lents of that approved 8pecie8-epecific 
protacol (ASSP]. rf an ASSP exist,! and the Principal Inveetigator deviate8 
fro!n that ASSP. the IBC ,~hould encure that the differencea and the eubstituted 
preventative ,aeaf~ures are clearly deeeribed. 9ince !Ii further review a!id 
approval of the proposal by the Reeearch Protocol Co,runittee will be required-
rf no ASSP existB, the IBC !:au8t be aJEErured that the Principal InveGtigatGr ha8 
canducted !L thort)ugh literature review on 1:he epeciee. iH knawledgeable of it8 
life hi8tory, biology and ecology. and ha8 developed and deacribed 
preventative measureE to adeqlsately centain and confine the epecieB if 
necesEary. Propol~als not confol:1E:Lin9 to sn ASSP or for which no ASsp exist!' 
will require a full revietl by the Reaearch Protocol Coaxnittee, and 9hould 
fellow guideline8 sixuilar to that outlined in Appendix I- The prapesal, along 
with the sppropriate findin9s and certifieation of ccopliance froln the 
Principal Inveetigator. IBC and the Reflearch InHtitution, will then be 
trans!::itted to the Funding Agency- If there ie no Il3C at a Reeenrch 
Institution, or if the IBC d,)ea not have the expertise to evaluate a 
particular propo8al, the proposal will be transEaitted to the Funding Agency 
accompanied by a requeet for a review by the Reaearch Protocol coT~uittee. 

3_ The Funding Agency 

The Fu!tdi!'g Agency providee technical: and progre:m~atic review, determine8 if 
the propoeal ia complete and thst it cotnplieG with the require,nents of the 
National Envirorunental Policy Act (NEPA, and other applic.J9le lawe and 
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re9ulationl~ (Appendix IV). The Fundi!~g Agency Inakee all funding decision8; it 
eelectB propoBal9 for funding, subuits them to the Reaearch Protocol 
CoHloittee, and after receipt of the ReBearch Protacol Coroaaittee's review. 
deterTuine8 which proposalg will be funded. The Funding Agency may require 
t:hat the pri!lcipal Inveel::igator make changea in the propo8al before eubrnittal 
to the Reeearch Protacal Cc:Ilruittee far initial Qr re-review- ;Lll proposals 
s~elected for funding vill be tran8::titted to the Reeearch Protocol Co~g~Eittee 
within IS daYs after the propoeal ha8 been selected for tuding, either for 
revieli, if the IBC and ReBearch Institution have not already certified that 
the propo8al iB in compliance with a Gpecie8-t~pecific protoccl ap:proved by the 
Re,~earch protoccl Coal,!littee (ASSP], or for infcrTnational purposeef if the IEC 
and ReseaJcch Inetitution have certifie(~ co(Tlpliance with an ASSP. The Reeearch 
PratocolL Col~ittee will eventually reviev all propo8als, but propoEalB 
following an ASSP do not have to be reviewed prior to funding. 

4. The Research Protccol Committee 

~ll proposall~ concernin9 nonindigenou8 aqu~Ltic specielE ( including the riak 
aseeEre!Eent qued~tionnaire and preventative meaeureB to be ueed to prevent 
escape or inadvertent releaae, s~elected for funding by a Funding Age!lcy will 
be subEaitted to the Reeearch Protocal Cct!~littce within IS day8 of eelection 
for fl:~Eiding. For thoee proposalo where the Il3C and Reeearch Institution have 
certified that the r9search ca~TLplies with an exi9ting s?ecie8-I~pecific 
protocol already apprcyed by the ReEe~rch Protocol Ccaal:oittee (ASSP), the 
Re!~earch Protocol Ccrunittee will use the propoeal8 for infol:1;ational JFLeed8 for 
revil:ing thiL! protocol and approved Ispeciee-8pecific protocolG aa nece8sary, 
and for reporting purposes. For all cther propoGal8, the Rese,Lrch Protoccl 
CouEaittee liill review in detail the coulpleted riek aseeeBment question:rtaire , 
the re8earch propo~Ial. and the propoeed containE~ent and confine~ent procedureB 
to insure that the propol~ed proceduree are adequate to prevent the 8pecie8 
frosl eGcaping or being releaE;ed during the re•,earch. The Reeearch Protocol 
Co!Ixuittee will review and provide cotruent8 and reco(Eiuenddtions to the Funding 
agerLcy within 90 daYB- PropeBala requiring HlajQr changee uauat be resubl:litted 
to the Reeearch Prctocol Coul:nittee far review- The Reeearch Protocol 
Co!rl::Littee !1~Ly call on outside expertiee when necGeBary or !nay establieh 
sl:!bcoaEnitteefl to review multiple proposalB for work on the sallle 6pecie8. The 
Re~earch protocol Coul'nittee will advise the Funding A9ency and !1:ake 
recoo~endationg: l) the propoBal (Lncluding the c0:upleted risk a8ee,ss~ent 
queBtionnaire and preventatilfe aleasureg, appeare to be adeql~ate and thuB 
funding iE ~Lppropriate; 2) the propeaal i8 not adequate in all aepecti and 
needs to be resub:nitted to the Research Protocol Coal~ittee after deficienciee 
identified ,sJ:e addre98ed and appropriate ctlange6 made to the propoBal; cr 3] 
the l?rop0,5al has t5erioul~ inadequaciea that require !~1(Ljor chan9e8, and ,,hould 
not be fttnded until these change8 are m~Lde and the propo8dl ha~ been 
reeubuLitted to the Research Protocol Col~u:nittee {Lnd deemed adeql'ate. 

All propolsdle (both thoEe corTaplying with an dpproved epeciee-epecific protocol 
and thoee with individualized containJnent dnd confinement pLanel will be 
revieved by the Research Protocol Couruittee to dete:Inine if there dre probleJ~~8 
in the uBe cf the risk ae,seBsment que,!ticnnaire and to ixnprove both thie 
re9e~rch protocol and approved 9pecie9-specific protocols. The ReGearch 
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PrQtocol Ccomittee will provide an an!aual report tG the Taak Force detailing 
the propo,!alE reviewed. the 8pecies involved. the ruJunjger of propoHalG nel~ding 
detailed confineTnent and containEsent proceduree. the location of the research 
siteE by species, and prcblemJs encountered. and will reco,rr!,end changes to the 
Task Force ae needed. 

1:he Re~5earch Protocol CoaHuittee will aerlre ae an advieor to the F1:tnding 
Agencies. providing cot!uTle!'t8 and recoa~endatiG!18 an the rick isae88,nent and 
adequaey *-f preventative measuree being taken by the reaearcher. The 
reEponaibility of Iselecti!ag and funding the reaearch belong8 entirely to the 
Funding Ageney. 

Attactu!~ent I is a list of guidelineB and protocal8 u8ed to confine or contain 
nonindigenQue ~peciee or organial:as involved in recenbinant DNA re8e4rch. 
Ccneulting one or more of theee viLl help inyestLgator8 to identify phy8ical. 
biological. che:aical. and/or environ!oental preventative ~ea8urea that a:ay be 
u~5ed to co!afine or contain the nQnindigenous aquatic 8pecie8 during re8eaxeh. 
tranl~portatien and atorage. 

H-s 

~ ,*~ 

f* }:-***+~ir~* 



PARS I 

Risk Assessment Questionnaire 

Colnpleted riek a~eeesment queBtiannaireg l!au8t 
to the Fu:Iding AqencY along with the reeearch 
ppch anewei Tnul~t he stated_ 

be Isubuitted in 
protacol . The 

narrative for~ 
real50ning behind 

I- Doea the reBearch ccncern a !'enindigenou8 aquatic 8peciee ae defined by 
the ,Tonindigenous Aquatic NuiBance Specien PreventLon and Control Act of 
1990? Nonindigenoue aquatic epecie8 I~ean8 any lapecieJ5 or other viable 
bialcgical ~aterial that enter• a,1 ecaeyl!te,il beyond itH hiatoriaal 
range, including tra~a5fer8 frol!1 both doQ(~8tic and fareig7! 8ource8. 
[Hintorical range ie the territary occupied by a 8peciee at the tisLe of 
European calcnization of North a~erica-l 

:L~ Ju~SWSRSI go to I:. 

II . Does the I~peciea carry any kncw!1 nonindigenout5 disea8eo. paraHite8 or 
any other nonindigenous specien or viable JDiological materialv Unleee 
there is knowledge or evidence to the contrary (e-g. . oyJ5terE being 
transferx'ed fro!n an area whel:e ,(SX or derERO or iJ,ported ayeter drille 
e.,i,!t, e,~lJ:aanid tran5fe~s fro!u areaG where ::!n~ and VHS viruse8 occu::, or 
waxT!water speciae tranafer5 frcca areae where the Aeian tapeldo:~ occurs , 
8pecies transfers within the continental U.S. can be con8idered free of 
nonindigenouB disea9eB or para8ite6. Any epeciea recently ix!lported 
directly or indirectly fro,s a ford~ign cou,Itry. Hawaii. cr a territory of 
the U.S. 15tlould be ccnsi(iered to have nonindigenque diseaeeq or 
TParasites uTtleB5 proven otherwi,!ei appropriate preventative measures 
muBt be taken (~ee Part II. Guideline of Preventative ,(eaeureG,. 

YES or S(oT SQRE: igo directly 
NeaBure9, and to 111; 

to Part II (Guideline of Preventative 

NO: go to 111. 

III. Do or could transportation liater~f 
nonindigenc,us diEeases. paraeitee. 
organi9m8 , ? 

media or 
or other 

eedi;oent8 carry any 
viable ,uaterial (extraneoue 

YI~S or NOT SIJR~~: trant5fer epeciee to clean water and container* 
treat waste water to kill {Lll orgaLnieml~, dieinfect ori9inal 
container. If ttlis iE oufficie!'t to rid the shipment (tranBfer) 
Gf all extraneou,; or9anieToB, ga to IVi if not. 90 to Part II 
t(;uideline of Prevent~tive ,(eaGureB, * 

N(,: I~o tO IV. 

~v . If 
the 

the 
;~ct 

re,~earch (~cee not concern a 
and t,le regearch could not 

nonindigenoue aquatic 
~pread nonin(iigenQus 

J~pecie9 under 
dieease8 , 
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v. 

paraf~itet5 or 
the speciee 

Will 

other 
falls 

Ala8w(,rs 
apply to 

live l 

viable Inaterial. thil~ protocol dcee not apply• If 
under the Act, continue on to V_ 

to 1-l 
your 

~~ZAn 

the 

TI-t ~!~~d XII. are ~y~:ll NO: the protocol does not 
reoearch organi~!ui 

an5wer to I-. II., a:Ld/Qr r:1. Ahove i$ YES Qr Ne~: 
speciet~ falle under the_ Act; go to V-

viable . or fre8h epeci!Penf be required~ 

No ( ~!pecil!leno 
i~~ediately to 
apeci,!ena are 
neceasary; 

sIDRs: 

muet be preGerved in a ,,le!mer to kill the erganiJ~Ea8 
ae8ure no po88ibillty of infeatatian if the 

relea8ed,: no additiGnal procedureG ruay be 

VI . 1~ill 

YBS: go to 

the epecieB 

NO: 

vr . 

be traneferred away frotn the 8ite where collected? 

protoccL doeg !sot apply. 

vlr. 

YEs: go to Vrl-

Will the i5peciel~ be 
infeetaticn? 

transported thrcugh •Jreae vhich sre free cf the 

VIII * 

YES: adequate preventative ,!~ea8uree !auet 
e5cape or releaee during trans$portationi 

NO ar NOT SURE: 90 to Vlrl-

he taken to prevent 
go ta vIII. 

re the speci~s pre~ent within one cnile cf anY facility which will 
receive live nonindigenou5 speciel~ or other nan-preEerved field l~:aterial 
which may be ccnta,ninated with a nanindigenous 8peciee? Studies Tnay be 
conducted in T!10re than cne research labcratQry ( including field 
laboratoriee] . Liet each lab(,ratcry i!1 which the resesrch will be 
conducted, and di~cus,~ ~LTTd docu,nent for each laboratcry-

lrl~S (The Gpecies ~g found within one uile of a reGearch facility 
or its effluent diecharge point.]: the study :ELay nat reqlJLire more 
than mini~ual oaeael8res ILt thie facility to prevent the 8pecie8' 
introdl;ction. It mny hewever require precautionary !:Leasure~ to 
ensure that nonindigenou8 epecie8 are not epread between 
collection eitee, fre,n ane facility to another facility, or froll] a 
facility to non-infe8ted eite8 by !neal~:e cf equipaent or suppliee 
u~ed ~t !!tore than one etudy 5ite or u,~ed for more than one 9tudy-

NO (The species ie not fotind within one ruile of a reee~rch 
facility which will receive live nonindige!10uG epecieg or other 
non-pre8erved field snaterial which ~uay be conta~ninated with a 
noniTldiigenouB speciee. or withirL one :ilile of the facility's 
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IX -

x-

XI . 

XII -

XIII-

effluent discharge poi!It. ~ : the reeearcher should report the 
neareat known population cf the speciea from each facility and go 
to IX_ 

Can the species I~lurvive in the Burrounding waters? 

NO : only 1!~inilnum preventative meaeuree tsay be needed. 

YES Qr NOT SURE: 9e to X. 

Is it ab~olutely certain that the epecie8 will not be a nuisance if it 
e~!capea. cr is releaecd into surrounding watere7 (Note: A nuiEance 
8peciea threatend5 the diver8ity of e'.u!adance of native 8peciee or the 
eeological ~tabili.ty of infegted water8, or coa!Eercial, agricultural. 
aguacultural. or recreational activitie9 dependent on such water8 - l 

TES: onlY !niniElust prevlentative weasure8 may be needed. 

NO or NOT SURE: ga to XI-

P,ave you previously been approved for reBearch with thiB Gpecieg at your 
preEent lccation usin.q the sa~e facilities? 

YES, expLain the differences between this proposal and previous 
funded f!tudies and attach a copy of previou8 approval letter-

If laajar changel exilt frol"Irlier fl~nded ItudY or the anisll'r il 
NO: go to X:1. 

I~, there a Re,~earch protocal Coollllittee approved epeeie8-epecific 
protocol (ASSP) for the nonindigenoul~ species that ia (are, the 
15ubject(8, af your reeearch propoeal. and will this ASSP be uBed by you 
for thi,; prop(]sal? 

ICES (An ASSP exiEtl3 and will be adhered ta in every particular.] 
Attach the ASSP and list 8pecific8 (e.g.. cption8 to be u9ed] that 
are to be ueed in your reaearctl-

NO (NO ASSP exists. cr an ~SSP ex~L1;ts but wlll not be uBed ) : go 
to XIII. 

NO (An ASSP existt~ but will not be exactly adhered to, i.e-
additional or different ,Dethode will be uged, ar partl~ of the ASSP 
t,ill not be used.] Deecribe in detail any deviation fro!TI thc 
ASSP, specify if any part cf the ASSP will be used, and deEcribe 
preventative methQde to be uBed that differ from th08e in the 
asSP. If any part cf the ASSP i8 to be used, attach the ASSP. 

If. the proposal hae reached thi8 point in the ri9k ag8ee8ment, a 
preventative cantairuuent/ccnfine~ent plan !~;ust be develcped which will 
eneure that the d5pecie8 cr any diseaeee or p,arasitel~ it !aight carry 
cannot et~cape cr be releaeed into the surrounding waters . The epecies 
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under consideration is a live or viable nonindigenouB aquatic Bpecies, a 
nonindigenous pathogen or paraBite of aquatic specilee, or fnight be 
carrying nonindigencus diBeaseB or paral~itee of a(zuatic specie8, ig not 
prelsent in the water8 eurrounding the re,5earch site, coul(~ 8urvive if 
released, and could be a nuisaJlce. The reeearcher muet docu:nent 
knowledge of the literature conce:rnin9: the J~peciea and the problea~s 
which could reeult if releaeed. A plan !nu8t be developed to enl5ure that 
the reeearch doel3 not result in the relea,3e, eecape, or dieperaal cf the 
speciee. The investigator will be required to develop a pra~lentative 
plaJa ( PART II) and eubc!lit it with the re8earch prcpee{LI tr- the Fundi!ag 
Agency who will farward it to the ReseeL1:ch PrQtocal C(,~aittee fcr 
review. The investigator and the aupporting Regearch Ini~titutLcn sluat 
a~ree to coolply with the preventatLve plan, and this pratocol or an 
approved gpecie8-epecific protocol. The Funding Agency and the Reaearch 
Institution will eneure co(npliance-

Every inve,:tigator canducting re8earch oT' a live Gr viable nanindigenouB 
aquatic Epecie5 which could be a nuiaance, and i8 conducting the reBe!Lrch 
outside the ,~pecies' preeent range, iB required to develop contai•Islent and 
confinement pracedure~ and have a aecure facility- Reference to guidelinee 
already available (Appendix I) can be of aaBiatance in developing a 
containment and confine:~ent plan. Table I i8 an Gutline of the info:~ation 
and containslent and confinelnent procedurea required in ~ost exinting 
guidelineE- I.n the future gpecie8-speciiic protocolE l:Lay be develaped for 
high viaiJDility species (like the zebra !uue8el] whoEe life hietory, bialogy. 
and iJl~pactl~ are kuow!1 and for wtlich there are Inultiple etudies under 
consideration- When reviewed and approved by the Reeearch Protocol Cc,tDmittee. 
approve(1 species-15pecific protocole (ASSP) 1!Lay be uaed by inve8tigatcrE. 
however co:!]plia~1ce to all pointe of the ASSP will be m~ndatory. Any cr all 
protocola may be changed by the Reee8J:ch Protacol eo!~ittee aB new knowledge 
is accu!nulated. Deviation~ fro(!: approved 15peciee-epecific protocols will 
require caae by case approval of re,5earch propQ,;ale and their prGventative 
plan8. Reeearch on nc?nindi9enoua specieo which :uay aIHO have nonindigenous 
diseasea and parasiteg will require ,aaxi!~l:u:a 8ecurity for the species and for 
any diseaeea or parasiteE~ the Epecies Eaay carry- E7erY effort should be !Bade 
to conduct regearch or, nonindigenou8 Hpecie8 in facilitiee located vithin the 
exigting eetaJoliehed range of the BpecieB; in thi8 ca8e only one level of 
preventative :ueaeures may be required. 
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PJ~R~ 11: 

Guideline of Preventative Measures 

Ttle Research Protocal Co:runittee cannot develop a detailed set of guidelines 
for eyery nonindigenous speciee under ref5e,arch. Inve~!tigator8 and Reuearch 
InEtitutions ~u8t develop contai!1Jnent and confineJEent plane taking into 
con5ideration the BpeciF?F, its characteristic8, dieeaseg and paraEite~, and 
critical e!wironJaental factorB, it!! capabilitiefl to be a nuil5ance, the deHign 
of the ree;~arch facilities, and the location Qf the teat eite in relaticnship 
to the 6pecieE' present range* Appendi,c I IiatB guideline8 which have already 
been developed for group8 of organiam8. Table I i8 an outline of the 
infor!Ea'tLon~LI neede ajad preventative !aeasure8 to contain or confine teet 
specLeB found in moEt guidelineB. The appendix and table are included a8 
reference !naterial8 for investigatorl5 . 

If the ill~veEtigator deterHline8 that live epecinene !nuat be ueed, that the 
reeearch :nuet be conducted in an area where the epecie8 i8 not already 
present. that the 15pecie,~ could 8urvive if released inta aurrounding waters. 
and that the 8peciel5 or its disea8e8 or para8ite8 could be a nuiEance, 9Lajor 
preyentative ,!teaaure8 wauld be required to prevent e8cape or releaee. The 
preventative plan should use a co!nbination of phyl~ical, biological. 
envirorls~ental. and/or che!uical barrierl:, ta cantain ar cotLfine all life stages 
of the organistu. Reducing the ecop;e of the research Ehould also increase the 
safety of the rcBearch* 

For contain!nent of diEea8esj parasite,~. 8taall 8peciea, or the early life 
stages of larger species. the procedlsrea outlined in the Nln guidelinee 
(FR Sl No. 88. ,!ay 7. 1986, pg- 16959] or guidelineB developed by the 
U.S. nepal:tne!1Lt of Health and H1:~an Servicee (aee reference8) are the ,uoet 
compre hent~ ive . 

For contairu!tent oir coufinement of larger 
whcle plants or aniJnale bY the Office of 
the moet appropriate. capecially if the 
the lab~)ratory (see Appendix I] . 

forl!lL!, the guidelinee developed for 
Agricultural BiotechnolGgy, USDA. are 

re8earch ie to be conducted cutside 

Preventative measure8 ehould addre88 all life Btaget3 prel~ent 
during the re8earch pha9e. Where feal5ible, u8e of juvenile 
peplJLlationa, or sterile individual~ is reco!o~ended. 

or po,3,~ible 
8peclJroenef mon08ex 

S ecles-S cific Confinement and Contailuruent Protoc015 

The Regearch Protocol Col::mitt,~e expectB to receive many reeearch propo8ala on 
a few high prcfile. high riBk species. auch a8 :~ebra mu8eel8. Either the 
Research Pratocol Corunittee, a Bubco,n~uittee of the Research Pratoccl 
Ccm!!uittee, or one of the funding agencies [nay 8ubuit a 8pecie8-gl5pecific 
confine!uent/containxnent protocol for review by the Re8earch Protocol 
Co!uruittee- When auch a propoeed speciee-8pecific protocol ie subt~itted. the 
Rese~rch Protocol Co!!unittee will review the adequacy of propoBed contai!1J~ent 
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procedurel5 to inEure that the speciea cannot eceape or be released during 
reBearch- The ReBearch Protocol Cowlnittee will camplete its review and 
provide a re9ponse tc the appropriate Funding Agency or !5ubco:runittee within 90 
days - The form of the Rese,~rctl Protocol CoHHTLittee's ref~ponse will be either: 
l, The IE'peciee-Ispecific prol;ocol i8 adequate a8 propo8ed and i5 approved for 
general u8e by th~ reeearch co,Tuuunity (i.e-. the protocol hae beco~Le an 
approved species-t5pecific rirotocol (ASSP))i ar 2, Ithe 8pecie8-epecific 
protocol ig nct adequate ag propoaed and i8 not approved- If the !'roposed 
speciel~-specific protocol ie not approved. the Re8earch Protocal Col:!!'ittee 
will etate reaeona and !!lay euggeet !!lcdificationc to correct proble~08 f'een. 
Since theae protocols will only be prepared for 8peciee wh'~ch are con~,idered 
nuiaance epecieE, the risk ~L5EeB~!1lent eection can be reduced and the 
preventative plan can be 8tandardized. 

Compliance with all provisions of an approved apecieL,-8pecific protocol (ASSP, 
!nuet be f!illy accepted in wtiting by the Inve,5tigator and the Re.,earch 
Institution. Specific preventative 1:Feasureg ta he u8ed by the Inveetigatar 
llaust be docllJaaented in the re8earch propO8al- If all aepects cf the ASSP are 
accepted. the Re9earch InBtitution, through it8 InatitutiGnal Bi08afety 
Cc:1~Iuittee. can approve confinement and contai!1'uent procedureJ~ and 18anitor the 
reBearch. All docu!o:entation. includin9 the propooal. completed riBk 
aBsesement que6tio!Inaire. and preventative mea8uree ta be wed. will be 
forwarded to the ReE~edrch Protacol Cca:~ittee by the Funding Agency. Any 
deviations fro:n the requirement5 cf an ASSP will require that the re8earch 
proposal and confine~lent and containE,ent plan be reviewed by the Re,;earch 
Protocol CO(!~tittee before funding is apprcved-

The Research Protocol Coc:1~nittee will use the info:~aation in all re8earch 
proposale (uBing both speciee-Bpecific and non-etandard lprotocole,* to inprove 
future protocols and to monitor the location of research on nonindigenouB 
aquatic 1!~peciee-

The ReBeirc,1 Protocol CoTuTnittee will report dnnually to the Task Force the 
number of proposalB requirin9 confine:~ent/containJ:lent meaBureB. the Bpecie8 
involved, and the location of research sites. Prot~~exne will be identified and 
recomlnendatione for correcting theJ~a provided to the Task Force-

Qntil a reBe~Lrch propoGal iB funde(~ and become5 public property the 
confidenti~litY of the cantents of the propoe~l ,nuBt be :naintained at all 
levels. All levels of review befare funding !!:uet be foadl2 aware of the legal 
and ethical re,sponsibilitiee not to diEcue,~, copy, or Bhare propoBdl8 with 
anyone not directly involved or authorised to a9aist in the review. 

Inspections and Compliance 

All prop08dla which are re(~uired to follow a confineJDa~nt and contain:nent 
protocol mul~t include certification by the Principal InveBtigdtor and the 
Re9earch In~titution that they will comply with the re(~uirel:1ents of the 
pratocol. and wittlin the prol?osal must doclJ:!tent the ,;pecific ccntdi:1,uent and 
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canfinement !neasures to be u8ed- The In8titutional Eia8afety Co!:lrrtittee and 
the Biolcgical Safety Officer. if appointed by the IBC (aee NIH guidelinee 
Sl FR 16963 for specific duties,. will !!lo,aitor the conduct of the re5earch and 
verify coaapliance with the co!'tainment and confine,nent procedures agreed to by 
the Principal Inveetigator and the Re8earch Inetitution. 

The Funding Agency, the ReHearch protocol CoRlmittee, and appropriate etate 
a~encieE !:~ay in,5pect the facilitie8 and contai!vuent and confinlE:s,ent proceduree 
at any ti~e. The Research Instituticn should inGpect its reeearch at least 
twice yearly. 

Failure to col:pl~ with the protocol, or the eecape cr releaee of a 
nonindigenoue aquatic species muet be reported to both the Funding Agency a:nd 
Re8earch ~,ratccol Co!Ttoaittee i:ruuediately. PenaltLeH for noncQlnplLance with the 
protccol will be admini8tered by the Funding Agency and could include 
suspeneion of research funding. The ~ilajor renpon8ihility for ca,upliance with 
the protocal fallg to the Prineipal Inveutigatar and the Reoearch In8tLtution. 
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A?PE~D:: :r 

Existing Guidelines and Protoco]s 

Guid,,lii!el for Reco•al,ins!'t D,TA Releltc:h: (These can also be appliad to 
nonindige!:Lou,:~ aquatic e?eciet! _p::opoaals-] (FR 5i No. 8. pg. 169S8; FR Sl 
~o- 123, pg- 233,37i FR S2 No- 154. pg. 29800i FR 56 No. 22. pg. : 
FR 51 No. 88. pg. 16959] 

IYficrOOrganismS 

NatiGnal I!latitutes of Bealth (NIH]. 1968. Guidelinee for Re8e8xch Involving 
Recoobinant DNA ,(oleculee. Publi8hed in Federal Regiater !(Ay 7. Ig86 
(51 FR 169S8-169el] with addLtienal !anjor action8 Auglaat 24. 1987 (52 FR 
3l~38,i July 29, 19138 (53 FR 288:L9]i Qctober 26. 1988 (SS FR 43410,i 
t(arch 13, 1989 (S4 rR lOS08]i !(arch i, 1990 <55 FR 7438li and August ll. 
1981 (S2 FR 29800, vith appeQdi,c P fer plant8 and Q for ani•oal,!. 

Whole Plants aud Animais 

U.S- Departne!Lt Qf Agriculture (USDA) . 1984. Cocrdinated FraJuework for 
Regulation of Biotechnolagy. Federal Register Oece~ber 31. 19B4 ( 49 FR 
S085G] and Sune 26, 1986 (SI FR 23302+). 

UsDA. ISe6- Advance Netice of Propoeed QSOA (;uLdeline8 for Biotechnology 
Reeearch. Federal Regit5ter June 26. 1986 (SI FR 23367-23393, and 
February l. 1991 (56 FR 4134-4149,-

USOA- 1986. Introdlaction of Org,~nis::1'5 and Product5 Alterei cr Produced 
Through eenetic Engineering Which are Plant PeatE cr (or Which There is 
Rea80n to BeLieve are Plant Pet5ts. Federal RegiHter June 26, 198G 
(SI FR 233S2-23366] and June 16. 1987 (S2 FR 22892 2291S] 

Coul~0n. J- R-, and R. S. Soper- 1989. Protocole fcr the Introduction of 
Biological Co:Itrol Agents in the U-S. Chapter I, pages 2-3S In: ~:ahn. 
R. P. (ed-]. Plant ProtectLon and Quarantine- volume 111 Special 
Tcpicl5. CI~C Pre,~e. Inc.. Boca Raton. Flarida-

USDA. OffLce of Agricultural Biotechnology. i988. USDA Guidelineo for 
Reeearch Qutside the Laboratcry Involving BLotechnology, al,~a Federal 
Register June 26, 1986 (SI FR 23367-23313) ~Lnd February l. 1991 
(S6 FR 4134-4149). 

Interll:ational Guidelines n:sd ?rotocolli 

Eur(~pean :nland Fisheries Advi~0ry eom,!liseion. 1988. Code of Practice and 
Xanual of Procedure~ for coneide. r~Ltion of Intro(luction,, and Transfere of 
Marine and Fre9hwater Organis,n8- FAO. EIFAC- OccasioTtal paper 2(o. 23. 
S2 p,~Lget~. 

app I iad 
169S8; 
pg• 41S4 
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Internat~onal Council for the Exploration 
Guidelines for Implementing the ICES 
Introduction and Trangfer of ,(arine 

ni!5ealle Related Guideliue8 nnd Protocolll: 

cf the Sea- 19e2. propc,8ed 
Code of Practice Concerning 

Speciee . 23-page ' !eanuscript . 

Anony!'10u8- 19e9. Operating ProcedureH for the Alma QIJLarantine Facility-
Prepared fQr the ,LIT:ta Reeearch Station. Guelph. Ontario. Canada 16 
pages typewritten. 

!{ar:,er* R- W., and R- L. Eschenroder. 1991. Protocols to l(inillize the Ri8k 
of Introducing Sal,!tonid Piaeaee AgentH vith II!lportation of Salmonid 
FisheE,. Draft manl:ecript - Il page8- Prepared fQr Great Lakee Fiah 
Diseaee eo!Itrol CooJ:littee- Pagee 27-37. 

Q-S- Depari:~Lent of Health a!id Hwaan Seryice8. 1984. Bio,lafety in 
,(icrobiological and Biocnedical Laboratoriee. 18t EdLtion <!:(arch 19e4, . 
U.S- Deparl:!Rent of Health and Eu,!Isn Service8. Public Health Service. 
Centers for Disea8e Control. Atlanta. Georgia 30333, and National 
Institutes of Health. BetheGda. 2(aryland 20B92. 

An additional 17 references on laboratory dieeaee and pathogen control methodl~ 
can be found listed in the Federal RegiEter* May 7. 1986 (SI FR IG965~. 

Other Guidelines and Protocols: 

Kllngruan D L aTld J R Calc~ne 1983- Guidelinee for Introducing Forei~n 
Organis!!Le into the Qni:ted State8 for BLological COntrol of Weed8 . 
Bulletin cf Entomolagical Society of A9lerica. Fall 1983:SS-61-

Guidelinea for the lwtportation. Inter~tate Move!nen~, and Field ReleaGe cf 
Foreign Art:hropcd-Parasitic ,(e,uatode8 into the United Statee far 
Biological Centrol of Arthrapod Pef'ts of Plantl~, }(an, and Douleetic 
Animal8, and Vectors of Plant. Bvl:aan. and Ani~Lal Pathogene. and for the 
Interetate Movement and Export af Fareign and rTative A:thropod-Paraai~ic 
Ne~aatode8 for Relaearch on Biological Control of Such Pest8-

(;uidelinel5 for the Importaticn. Inter,!tate ,(ovelnent. and Field Releal5e of 
Foreign b(icrobial PathogenE (Fungi. Bacteria, Rickett~ia Viruse8. 
ProtGzoal inta the United State8 for BLological Control of Arthropod 
Peet8 of Plants. Man. and Do~e8tic Anj~aal8. and Vector,~ of Plant. HuJilan. 
and AnjJ!lal PathogenB. and for the Export of Foreign snd Native Arthrapod 
Path09ene for ReBearch 

Cuidelinee fcr the Importaticn. Inter8tate ,(avement, and Field Releaae of 
Foreign Arthropodl5 and Ne(uatodee into the United States for Biological 
Contral of Weede, and for the Inter8tate ,40vement and Expert of Foreign 
and Native Arthropod and Nenatode ,~atural Ene,aie8 of Weed8. 

Guidelinee for the Importation. Interatate t(ovea~ent, aud Field ReleeL~e in the 
United States of Foreign ,(icrobial Pathogene fcr Biological Control of 
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Weede, and for the Interstate t{ovetDent and Experl: of Foreign and ,Tatiye 
Pathogene Gf I~eed~ for Research. 

euidelines for the Ilnportatian. Interstate }Sove!nent. and Field ReleaEe of 
Forei9n Beneficial Organis!ua (Xicrobial Pathogene and ~taga!liats, into 
the United States for Bialogical Control of Plant Nexuatodes and Plant 
Pathcgens, arsd for the Export of Such Or9anissuf5 (Foreign and Native) for 
Reaearch* 

Southeaatern Cooperative WLldlife Dieeaee Study- 19g5* !~odel fer State 
Regulatio!~e Pertaining to captive ,1ild and Exotic A,1ilual~!- Univer8ity 
of Gecrgia. Athens. Georgia. 48 page !Qsnuecript. Prepared in regponGe 
to Reeolution '9. U.s. AniJnal ~ealth As80ciation. e(ilwaukee. Wisccnt~in 
l0/2 7-ll /1 /8 S -

Jennings. D- P-. and J. A. ,{cCarua. 1991. Re9earch Prctocol for fZandling 
Nonindigenous Aquatic Speciee- Naticnal FisherieG Research eenter. U.S. 
Fish and Wildlife serviee. Gaine8ville. Florida- 43-page manuecript-

Brawn Tree Snake Prctocoi: 

Pacific Basin Development 
of Live Brewn Tree 
Quarantine Branch, 
Biological Survey. 

ceuncil- 1991. RecoG~ended Protocol fcr TranBport 
Snakes (Eoiga irregUlari~,1• Prepaxed for Plant 
State cf Hawaii DepartJnent of Agriculture and 
and the U-S. F.ish and Wildlife Service. 
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J~PPSN91X II 

Definitions 

Aql:latic ,Tuill!lce Speciei - nonindigenot:1~ e?ecieB in inland, eGtuarine and 
marlne waters that preEe!atly or potentially: l] threaten tSae diverBity 
or abundance cf nativ~ _ specie91 2 1 iElpact ecological proce8ses and 
8tability, including other natural reeource8, of infeeted waterE~i 3, 
adver8elY affect co!:unercial* agricultural, aquacultural, recreational or 
other activities dependent on such water8 F or 4] adver8ely affect 
individuals, including health effectg. 

Bialogical Saflty Officer (BSo] - an. individual who iB a Inenjber Gf the IEC who 
hae the direct responl~ibility (after the PJ:) to eneure the activitiea 
a!Id precaution5 atated in the reGearch propoBal are followed. See NIR 
guldeline FR 51 No. 88, pg. 16963, for other role8 and reapon8ihilitiea-

OoHf:J,ellent - a 
reetricted 
po!,d areaB 

ter!n 
to 
and 

used prjJnarily in the USDA guidelines ,!teaning organif'!!le 
research field iacilitiee 15uch aB out8ide expcriisental 
involving whole pla!ats and anislalB. 

ContalL:,1 !Lt - a term used priJnarily in the ,TIH guidelinee to 
to laboratory environ!nents and il5 usuallY in reference 
organieme , reco!nbinant DNA Inoleculee. or whole'plants 
whole animals (Appendix Q,* 

Ertabl:Llhed - when u!~ed in reference to a 8peciee. thi~ terln 
aa a reprcducing, self-sustaining population in an open 
in waters where the organiBme are able to !Tligrate or be 
other watera-

!nean reetricted 
to 1:~icro-

(Appendix P, or 

means occurring 
ecoeYGte,u. i-e-
traneported to 

In8titutianal Bi05afety Cc~~aittee 
pg. 16962, for memberJi5hip. 

(IBC, 
roles . 

- 8ee NI~ guidelineB FR Sl 
and responBibilitieB. 

!~0- (38. 

Nonindigenoul Specielf - any specie,5 or other viaJ:,le biological material that 
enbers an ecosystem beyond its hiHtoric range, iT'cluding any Euch 
organiBo~s transferre(r from one country to another- t~onindilgenou!~ 
specieg include both exotice dnd tranBplantB- [!~ote: Historic range iB 
interpreted to mean the territory occupied by a epecie8 at the ti!lle of 
EurQpe8Ln coloni:;atio,1 of Norl;h America.] 

Pathogleu - ae defined iTl USDA guidelinea. ig a viruB (:,r 
(including its virueee and plaB,:lidB. if any) that 
cause diaease in another living organil5sn-

Principal Investigator 
re8pon8 ib il it ieB . 

Research rnl'titution 
state, or local 

(PI)~ - eee 

- means any 
gover!1JTlent 

micro-organisl!] 
ha8 the ability to 

FR Sl No 88 pg• 16963. 
public or private entity 
agencie8) conducting the 

for rolee and 

( including Federal. 
research* 

!~:-3~6 
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RQtearch Protocol CoEJaittoe (RPC) will be comprised of cne or Tnore 
=epresentatives fro!:1 each Federal TaGk Force age!acy who are qualified to 
evaluate nonindigenoue speciel~ re!5earch propoealH- Rnowledgeable 
expertE fro!!t other Federal, state, or private groupB with different 
area8 of c,cpertise ,ni9ht bc asked tQ aseil~t the colx~nittee* 

SurroundiJag Wat•,r$ - means i•xnediate vicinity of 
public waters either 

any free flowing cr etanding waters in the 
the research facilitY that are connected with 

(~irectly Gr indirectly-

Survivtl 
but 

- crganism able to live in an ecaay8te!1 during ita !10,:I~aal life 
not neceBearily able to reproduce itHelf-

epan 

UnintestionJtl I!L~:rGduction - the relea8e of nonindigenou8 organiem,~ without 
any 8pecific purp0,~e. Such Lntroductian8. aften unJalowingly, occur ag a 
reault of activities other than the i!atentional introduction of a 
apiciee such as the transport of nonindigenoug organi8pa8 in balla8t 
water or in water u!5ed to tran8port fiEh, uQlluakB or cruutaceanc for 
aq~aaeulture or othcr purpoeea. The virtually inevitable e,~capement. 
accidental relea9e. 'aquariu~ da~Lping' or other improper dicpoaal of 
intentil~nally introduced nonindi9enous epecies da not conatitute 
unintentional introductions* 

WatlE'rl of the United Statel - the iTlternal waterl~ of the United States. 
including it,3 territorieG and poe~Leseicns, plus the Territorial sea 
the United States aB eatablished by PreeidentLal Proclamation t(uslbcr 
S928 of Dece:nber 27. 1988-

of 
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Dr -

Dr . 

Dr-

Dr . 

JUPPE,(1)IX II: 

Membership of the Research ProtoCOI Committee 

Ja:nes A. ,(ccann. National Fil~heries Reeearch center. U.S Flsh aTld 
WLldlife !:s f~rvice --• Chairlnan. Xay 1991-Pre5ent 

Althaea Langston. Ani!!lal and Plant Health In9pection Se:vice - Policy and 
Program Develop!Tlent. U.S. DepaJ:tment of Agriculture -- ,{e~ber. 
,Say 1991:-Present 

David F- Reid. Great Lakes Environx:lental Research Labcratoryl National 
oceanic and Atmospheric AdEainistration - t(emberf '(ay 1991-Present 

Edwin A. Theriot. Environ!nental Labaratory. Watervay8 Experi,nent Station. 
U.S- Ax~y corps of EngineerB -- '{efaber. Augl~at 1991-Present 
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APF~DIX :V 

Other Legis]ation or Executive Orders Related 
to the Nonindigenous Aquatic Species Act 

Appllcable State Law,~. Regulations. Perlnit 
S(uet be determined on an individual 
Reaearch Institution,~. 

and 
baEis 

Notif ication 
by Principal 

Requirements -
Invegtigators and 

Lacey Act of 1900 - 18 U_S.C. 42 

Endangered Speciee ConBervation Act of 1969 - 16 U-S.C* 668 

Executive order - E,Cotic ll987 - CrganisTnB . ,(ay 24, 1977 

Plant Quarantine Act of 1912 (7 U.S.C. ISI et Beq. J 

Fcderal Plant Pest Act of 19S7 (7 U.s.c. ISOaa et Be9r_ } 

Federal 
7 

Ncxioue 
U.S_C_ 

Weed Act of 19?4 
2801 et seq. and 

( Public 
21 U.s_C* 

Law 
lll 

93-62 9 l 

et Beq. 
January 
, 

3, 197S. 

Natianal E!lvi!:oTuTtental Policy ACt of 1969 (NEPA, 42 U.s.c. 4321 et Beq-) 

Occupdtional 
(SO FR 

Saf ety 
14468 , . 

and Health 
29 U.S*C_ 

act 
et 

cf 1970 
Beq -

- Federal Re9ieter April 12. 1984 
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::ABLEI 

Outline of InformatiCn Required by Reference Guidelines 

ldentification cf Specie8 

Source of Re8earch SpecimenB 

DiscusEicT' of the Life History. Eiclogy, ~::itical EnvironToental Factors, and 
Ecology of the Speciee 

Eiosafety Level BaBed OT~ RiBk A8aesement and Poe8ibie I:upactl~ 

DiseaBe~ and Parasites 

ldentif ication 
LiGt af All Known niBeasee and Para8ite8 Fcund in Water8 Where Specie8 

were Taken 
Quarantine Facilities/Procedurea 

Physical Contai!1J::ent 

Bialogical Contain!nent 

Chemical Cantairunent 

Enviro!1J~ental Contairxnent 

Scope Linitations 

Fate of Surviving Specilnen~~ - cloee Out ProcedureB 

Required Pe!:Tuits and Related Lawe and RegulationB 

Shipping and Transpcrtation 

Training and Qualifications of PerBonnel 

Security 

Emergency Plan 

Ad:ninietrative Control. Roleg, ReBpon8ibilitiee 

InEpectionl3, }'onitoring 

Cornpliance 

Reporting 
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AppENDIX B= ASSESSMENT OF GENETICALLY MODIFIED FINFISH 
AND SHELLFISH wrTH NON-DIOECIOUS MODES OF 
REPRODUCTION 

Finfrsh, 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 dioecious GMOS can be addressed by use Qf 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. Hennaphroditic organisms 
possess both male and female reproductive organs. Depending on the particular 
characteristics of their reproductive development and behavior, heunaphrodites 
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-dioecious 
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 
A11 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 Schartl 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) ar~ of economic importance in 
aquaculture production. It is critically important, to determine whether or not a 
particular GMO within Sparidae is hennaphroditic. Sequentially hennaphroditic 
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, Sunobe and Nakozono 1993). 

Molluscs and Crustaceans 
Among the 5600 known mollusc genera, 40(~o are either simultaneous or sequential 
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 extemal 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 hennaphroditism in triploid oysters has been documented 
through htstological studies, though it is uncertain if such heunaphrodites 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. 1 993) and Daphnia spp. 
(Hebert et al. 1993). These species 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 1 993). Two hermaphroditic 
individuals of the marine shrimp species (Penaeus vannamei) were found among 
broodstock on a shrimp farm and were suggested to be hennaphroditic as a result 
of environmental conditions encountered in captivity. (Perez-Farfante and 
Robertson 1992). 
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Risk Management Guidance: Non-Dioecious GMOS of High Concern 

Compared to cross-fertilizing GMOs, organisms which reproduce by selfmg can be 
particularly useful research organisms because of reduced vaJiation 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 Hi h Concem - Proceed to Risk Mana ement VI.B. 
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 

• O her Non-Dioecious GMOS - Proceed throu h 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. 

Int rbreedin and H bridization. (Flowcharts II.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 herrnaphroditic GMOs. "interbreeding" and "hybridization" refer to 
the potential for cross-fertilization of these GMOS with other hernraphroditic 
individuals, or with any other species. 
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Immediate otential for intro ressi n. (Flowchart II.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 II.A. I directs you to IV.A, you should proceed instead to Flowchart 
IV.B . 

Hermaphroditic GMOS With potential for cross-fertilization do pose concem 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. 

Inters ecific h brid involving Parthenogenic GMOS and I~~~~gl~~~il~ 
hbridization. (Flowchart II.C.1). Two cases of parthenogenic "hybridization" are 
presently known to exist. In one case, the male contributes DNA and spenu 
(hybridogenesis in Poeciliopsis). In the second case, the spenn 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 grdater risk than is introgressive 

hybridization. 

Re roductivel mature. (Flowchart 111). 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 ecos stem. (Flowchart IV.B) For non-dioecious 
GMOs, 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. 
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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 
f ormed. 

C12 + H20 = 2H+ + C1~ + OCl~ 

In pure fresh water, the primary disinfectant and bleaching agent is hypochlorous 
acid (HOCl) 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 tum react with 
hypochlorite or hypobromite to form chlor- or bromamines (e.g. 
monochloramine (NH2C1) or monobromamine (NH2Br)). All of these 
halogenated compounds contribute to the disinfectant and bleaching properties of 
the mixture. 

Clorox, which is a 5.259;~0 solution of sodium hypochlorite (NaOCl) is used as a 
source of OCI 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 
(Na2S203) 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 ( al) clorox (ml) sodium thiosulfate ( )* vol (1) 

Carboy 
Trash Can 
Tank 
Tank 
Tank 

5 
40 
100 
400 
1 OOO 

19 
113 
380 
1514 
3785 

5 
20 
67 
150 
350 

02 
05 
17 
50 
12.0 

*DO not add sodium thiosulfate until 4 hours after the Clorox is added. 
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APPENDIX D: SCHEMATIC DIAGRAMS OF E~MPLES OF 
MECHANICAL BARRIERS 

::O 

net 

net • e 
, 

-~ 
water 
fl ow 

drain 
hol es 

Figure D1. Sock filter trap. Effluent from any incubator or rearing tank holding 
fish embryos, Iarval 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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Rearing tank (w/ screened ouilet 
Overflow drain to sanitary and secure covcr) 

sewer (w/ basl(et skeincr) Drain to storm sewer ~~ 

wedgewire 
screens ( I 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 Inun wide gap between the stainless steel 
wedgewires. Effluent from any experimental units holding fish smaller than a total 
length of 2 cm must frrst pass through a sock filter trap (Fig. D 1). 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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Cuiaway view 
(with screen box / drein pipe insert) 

Drain pipe from ponds 

Screen box enciosure 
1 8*' above ground 

18" below ground 

4 inches of gravei 

Wrap around layer 
of Agri-Fabric 

1/2 feet of gravei 

5 perforated pipes 
(4 inch dia.) 

wrapped in Agri-Fabric 
4 inches of gravei 

Agri-Fabric 

6 inches of gravel 

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.) 

D3 



APPENDIX E= ABRAC WOluCING GROUP ON AQUATIC 
BIOTECHNOLOOY AND ENVIRONMENTAL SAFETY 

1 992- 1 994 

RAC Members 

Dr. Arme R. Kapuscinski (Chair) 
Department of Fisheries and Wildlife 
2CO Hodson Hall 
University of Minnesota 
St. Paul, MN 55108-6124 
Phone (612) 624-3019 
Fax (612) 625-5299 

Dr. James Tiedje 
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l. Applicability of Performance Standards 
for Research with Genetically Modified Finfish And Shellfish 

The Standards are based on the precautionary principle. If answers to the questions 
in the Standards are unknown, the user is directed to proceed with further 
questions that will help the user determine appropriate risk management. 

ro 

Are the 
research organisms 
finfish, cru5taceans 

or mo uscs? 

YES 

STANDARDS 
DONOT 
APPLY* 

Do the 
research organisms 

have a non-d'oecious form 
of reproduction? 

YES or 
unsure Consuit Appendix B 

and return to the 
Standards as 'nstructed. 

ND 

YES 

*If the GMO 's a 
non-indigenous 
organism, 
consult relevant 
state and federa 
agencies before 
proceedi~g with 
research projeGt. 

Are the 
organisms modified solely by 

'ntraspecific selective breeding 
or captive breeding? 

ND 

Are the 
organisms modified solely b ND 

interspecific hybridization or by 
selective breeding of an 

interspecific 

hybrid? 

YES NO or 
unknown 

Is the interspecific 

hybrid widespread in the accessible 
ecosystem(s)? 

Survival and Reproduction 
Assessment Necessary. 

Cons'derat'ons w'll 

1) 

2) 

'nc ude: 

Deliberate Gene Changes; 
De 'berate Chromosomal 

Manipulations: 
3) Interspecific 

Hybridization 

GOTO I A 

YBS 

NO 

s there 
c ear documentat'on 
that the presence of 

the interspecific hybrid has shown 
adverse eftects on the 

accessible 
cosystem? 

YES 



l].A Survival and Reproduction Assessment -

Does the GMO result from 
deliberate changes of genes? 

Deliberate 
Changes 

Gene 

ND 

YES 

If 

conta'nment 
is removed, does 

the GMO have direct access 
to (a) suitable* natural 

ecosystem(s)? 
(Note 1) 

YES or 
unknown 

GOTO .B 

Deliberate Ohromosoma 
Manipulations 

(to assess other possible 
modifications) 

Is/Are 
suitab e* 

natural ecosystem(s) 
accessible through indirect 

pathways? 
( Note 2) 

from 

NO 

[*suitable = survival 
of the GMO is possible.] 

slare the 
accessible ecosystem(s) 

isolated from other aquatic 
ecosystems and of low enough concem 
that kiliing of all fish/shellfish in the 

event of a GMO escape 
would be possible 

and practical? 

YES or 
unknown 

NO EXIT 
STANDARDS 

YES 

NO or unknown 

GO TO l.A 1 
Assess Impact of Deliberate 

Gene Changes 

Conduct assessment for all directly accessible 
ecosystems, and the most likely indirectly- accessible 

ecosystems. 

Note I : 

human-
and 
supply, 

Possibility and acceptability of 
destroying all esoaped GMOS (and 
other organisms) in the accessible 

ecosystem(s), oombined with 
sma~l scale of research allows 
exit of Standards. However, 

researchers should seek approval 
of appropriate aquatic resource 

management agency. 

interbasin 

Direot access is possible through natural waterbodies and 
created physical pathways, including navigation cana[s, 

water transfers (e.g, irrigation, municipal water 
etc.) See Appendix A: Table 2. 

EX T 
STANDARDS 

Note 2-
for fu 

See Appendix A: Table 
list of such pathways. 

2 



ll.A.1 Impact of Deliberate Gene Changes 
from ll.A. 

GO TO VI.B. 
RISK 

MANAGEMENT 
Insufficient 
Information 

GOTO I l 
Evaluate Potentia 
Interference w'th 

Natural Reproduction 

YBS 

Are the GMOS 
permanently 

ster' e' 

information 
unava' ab e 

YES or 
unknown 

Is the 

only gene change a 
gene deletion and/or an YES 

addition of a marker sequence, 
neither of which has any of 

the phenotypic effects 
:isted 'n 

Table ~*? (*attaohed) 

NO 

These gene changes do 
not raise concerns, but 
additional modifications 

must be evaluated. 

GO TO ll.B 

Deliberate 
Chromosoma 
Manipulations 

Do(es) the 
accessible ecosystem(s) 

oontain conspecifics, or other 
closely related species with 

which the GMO could 
interbreed? 

ND 
Are the GMOS 
permanently 

sterile? 

ND EXIT 
STANDARDS 

ND Is the GMO a 
non-indigenous species? 

(see glossary) 

YES 

[s!Are the 
natural population(s) 

with which the GMO could 
interbreed threatened 
ndangered, or of special 

concern?** 

YES 

NC, 

YES or 
unknown 

EXIT 
STANDARDS but 
ccnsult re evant 
state and federal 

agenaes. 

Gene introgression 
by accidentally 

escaped GMOS into 
protected 

population ls 
iikely. 

Immediate Potential for 
Introgression 

NO or 
unknown 

GO TO V[.A. 
RISK MANAGEMENT 

S pecific Rlsks 

Manage Risks to 
Protected 

Populations 

Accidentally esoaped 
GMOS may establish a 

viable population of GMOS 
with imrnediate potential 

for gene introgression 
into natural populations 

GOTO IV.A in 
ECOSYSTEM EFFECTS 

ASSESSMENT 

Accidentally escaped eMOS may establish a 
viable population with potential for adverse 

effects on ecosystem structure and 

processes. 

GO TO IV. B. 'n 

ECOSYSTEM EFFECTS ASSESSMENT 

Because this consitutes 'ntroduction of a 
new spp., in addition to completing the 
Standards consult relevant state and 

federal agencies for guidance. 

("If YES, one option is to move to a site where no protected spp, are present 
However, if this is considered, other topics in the Standards must be addressed To 
explore the potential implications of site relocation, answer NO here and continue.) 



ll. B. Survival and Reproduction Assessment 
- Deliberate Chromosomal 

Does the GMO result 
from deliberate changes of 

chromesomes? 

NO 

Manipulations 

from II.A. 
or I .A.1. 

YES 

Is the only modification 
a change in ihe number of 

endogenous chromosomes? 

NO 

(30 TO Il.C 

Interspecific 

Hybridization 

Assess 
remaining possible 

modification* 

[* assumes ll.A. was 
used, concluding that 
GMO Iacks deliberate 
gene change with 
physiological effect.l 

YES 

If 

containment 
is removed, does 

the eMO have direct access 
to (a) suitable*{. natural 

ecosystem(s)? 
(Note 1) 

YES or 
unknown 

Are NO suitabte* 
naturai ecosystem(s) 

accessible through indirect 
pathways? 

[**suitable = survival (Note 2) 

of the GMO is possible.] 

Islare the 

accessibie ecosystem(s) 
isolated from other aquatic 

ecosystems and ot tow enough concern 
that killing of all fish/shellfish 

in the event of a GMO escape 
would be possible 

and practica[? 

NO or unknown 

YES or 
unknQwn 

ND 

YES 

EXIT 
STAN DARDS 

Possibility and acceptability of 
destroying all escaped eMOS (anc 
otheT organ~sms) in the accessibte 
ecosystem(s), combined with small 

scale of research, allows exit of 
Standards. However, researchers 
should seek approval of appropriate 

aquatic resource management agency. 

GO TO II.B.1 
Assess Potential 

Impact of 
Chremosomal 
Manipulations 

EXIT 
STANDARDS 

Note I : Direct access is possible through natural waterbodies and 
human-created physical pathways, includlng navigation canais, 
and interbasin water transfers (e g. irrigation, municipal water 

supply, etc.). See Appendix A: Table 2. 

Note 2: 
for full 

See Appendix A: Table 
list of such pathways 

2 



ll.B.1 Impact of 

YES or unknown 

Deliberate Chromosomal 

Do(es) the 
accessible eoosystem(s) 

contain conspecifios, or other 
closeiy related species with 

which the GMO could 
interbreed? 

Mani pulations 

NO 

Are 
the GMOS 

permanently 
steriie? 

NO or 
unknown 

YES 

ave the 
polyploids 

demonstrated 
extremely low 

survival in 

the lab? 

YES 

GO TO Ill 
Eva uate 
Potent'al 

Interference with 
Natural 

Reproduction 

YBS 

Is the GMO a 
non-indigenous species? 

(see glossary) 

NO or 
unknown 

Low sun!ivorship of GMOS and 
smali sca e of research 

project allows exit of the 
Standards at this point. 

However, Iarge scale releases 
of po[yploids pose risks of 
reproductive interference. 

For example, in some species, 
tetraploids can mate with 
diplolds to produce sierile 

triploid offspring. 

ND 
EXIT 

STANDARDS 

YES or 
unknown 

ND 

E)(]T 

STANDARDS 

from l.B 

Are 
the GMOS 

permanently 
sterile? 

NO or 
unknown 

Accidental escape 
of this fertile (3MO 

constitutes 
introduction of a 

new species. 

EXIT 
STANDARDS but 
consut relevant 
state and federal 

agencies. 



II.C. Survival and Reproduction Assessment - Interspecific 
Hybridization 

from ll.B 

Is the GMO an 
interspecific 

hybrid ? 

ND 

YES 

EX T 
STANDARDS* 

[*In order to exit at this 
point, Il.A. and ll.B. must 

have been used, concluding 
GMO also lacks deliberate 
gene change with 
physiological eftects and 
acks ohromosomal 
manipulations.] 

[f 

conta'nment 
is removed, does 

the GMO have direct access 
to (a) suitable* natural 

ecosystem(s)? 
(Note I ) 

YES or 
unknown 

NO 

[*suitable = survival 
of the GMO is possible.l 

Islare the 

acoessible ecosystem(s) 
isolated from other aquatic 

ecosystems and of low enough concern 
that killing of all fish/shellfish in the 

event of a (3MO escape 
would ~e possible 

and practical? 

A re 

su'table* 
natural ecosystem(s) 

accessible through indirect 
pathways? 
( Note 2) 

NO or unknown 

YES or 
unknown 

ND 

YES 

EXIT 
STANDARDS 

GO TO Il.C.i 
Assess potential 

impact of interspecific 
hybridization 

Possibility and praoticability of destroying 
all escaped GMOS (and other crganisms) in 

the accessible ecosystem(s), combined with 
small-scale of researoh allows exit of 

Standards However, researchers should 
seek approval of appropriate aquatic 

resource management agency 

EXIT 
STANDARDS 

Note 1: Direct aooess is possible through natural waterbodies and 
human-oreated physical pathways, including navigation oanals, 
and interbasin water transfers (e,g. irrigation, municipa] water 
supply, etc.) See Appendix A: Table 2. 

Note 2 
for ful 

See Appendix A: Table 2 
list of indirect pathways. 



Il.C.1 Impact of Interspecific Hybridization 

from II.C. 

Do either 
of the parental species 
exist in the accessible 

ecosystem? 

YES or 
unknown 

ND 
Does 

the access'ble 
ecesystem contain any 

closely related non-parental 
species with which 

the GMO can 
hybridize? 

GO TO Ill 

Assess 
Potential Interference 

with Natural 
Reproduction. 

Introgressive 
hybridization with 

protected 
populations by 

accidentally 
escaped GMOS is 

likely. 

GO TO VI.A 
RISK 

MANAGEMENT -
Specific Risks 

Manage Risks to 
Protected 

Population(s) 

YES s the 
interspecific 

hybrid permanently 
sterite? 

NO or 
unknown 

YES or 
unknown 

YES 

ND 

YES or Are the 
unknown natural pop-

uiations of either parental 
species er any closely related 

speeies those which are 
threatened, endangered or 

of special 

concernl? 

Low survivorship of GMOS 
and small scale of research 
project allows exit of the 

Standards at this point. 

However, Iarge scale 
re!eases of interspecific 

hybrids pose risks of 
introgressive hybridization. 

~D 

EXIT 
STANDARDS 

NO 

EXIT 
STANDARDS but 
consult relevant 
state and federal 

agencies. 

Is the 
interspecific 

hybrid permanently 
sterile? 

NO 

Is the GMO a 
non-indigenous 

species? 
(see glossary) 

YES Does the 
interspecific 

hybrid have extremely 
low survivorship? 

YES or 
unknown 

EX T 
STANDARDS 

NO or 
unknown 

GO TO Vi.A. 
RISK MANAGEMENT -

Specific Risks 

Manage Risk of Losing 
Population of Pure Species 



Ill. Potential Interference with Natural Re production 

These GMOs: 
ARE sterile or are fertile tetraploids 
have deliberate gene changes, or 

chromosomal changes, or are interspp. 
hybrids. 

Are the GMOS of a 
reproductively mature age? 

from ll.B.1 
or ll.C.1 

Is there 
evidence of 

steroidogenesis?* 

YES 

*Steroidogenesis: synthesis of 
steriods in the gonadal iissues, 
which may trigger breeding 
behavior even if organism is 
sterile. Can be detected only in 
reproductively mature 
organisms. 

EXIT NO 
STANDARDS 

NO or 
unknown 

YES Possible breeding behavior by 
GMO may interfere with 

conspecifics or species with 
which GMO can hybridize. 

ND 

YES 

NO or 
unknown 

Are 
potentially interfered 

populations in the accessible 
ec0~ystem threatened, 

endangered, or of specia 
concern? 

Are numbers 
of GMOS so small, 

compared to populations of conspecifics 
and potentially hybridizing species, 
that accidental escape of all GMOS 

wou d not cause 
reproductive 
interference? 

Reproductive interference 
by GMOS possible. Consider 

potential impacts. 

CO TO IV.C. 
Ecosystem Effects - Impacts of 

Reproductive Interference 

YES 

GO TO VI.A. 
RISK MANAGEMENT -

Speciflc Rlsks 

Manage Risks to Protected 
Popuiations 



I V.A. EcQsystem Effects - Deliberate Gene Changes 

These eMOs: 
-are NOT permanently sterile 
-do have potential for interbreeding 
because of presence of conspp. +10r 
closely related spp. in the accessible 
ecosystem(s). None of these spp. are 
protected. 

Does the 
gene modi{ication produce 

intentional cr unintentional changes 
'n one or more phenotypic traits 

listed in Table 1*? (*attached) 

fram .A.1 

EXIT 
STAN DAR DS 

ND 

YES 

Evaluation not 
possible 

Lack of familiarity 
preven,s reliable 

assessment of ecolagical 
effects. 

GO TO Vl.B. 
RISK MANAGEMENT-

hsufficient hformation 

The next questions (lV.A.1) require information 
about the reproduetive potential, gene flow, and 

fitness in a GMO population, as well as 
Information about the structure and processes of 

the accessible ecosystem. 

[f you lack the infatmatiotl to evaluate the 
questions in IV.A.1, proceed to VI.B. Risk 
Management - Insufficient information. 

GO TO IVA1 
Ecosystem Effects - Impacts 

of Introgression of 
Madified Gene(s) 



IV.A.1 Ecosystem Effects - Im pacts 

These GMOs: 
-are NOT permanentiy sterile 

-have potentiai for interbreeding with 
conspp. ~/or closely related spp. 
present in the accessible ecosystem. 
None of these spp. are protected. 

-have gene change(s) resu[ting in 
changes in one or more of'traits 
listed in Table 1. 

of Introgression of Modified 

Estimate the reprcductive 
potential of escaped GMOS in the 

accessible ecosystem. 

Gene(s) 

from IV.A. 

Lack of necessary 
information or 

methQds prevents 
reliable estimatian. 

GO TO Vl.B 
RISK MANAGEMENT -

insufficient 
information 

est'mation 
not possible 

reproduetive 
potential 

est'mated 

gene flow 
est'mated 

Estimate fitness of 
introgressed 

descendants compared 
to non-introgressed 
individuals 'n same 

population. 

fitness 
estimated 

For each population 
(conspecifics or 

related spp.) with 

which the escaped 
GMO cou[d interbreed, 

estimate the 
frequeney of modified 
gene(s) in the progeny 

generation. 

Assess potential for 
adveTse decline in 

abundance of 
introgressed 

natural populations 
via decline in 

f'tness due to 
genetic load of 

introgressed genes 
(e.g., using method 

of Dobzhansky 
1 970) . 

estimat'en 
not pcssible 

estimated fitness 
of introgressed individuals lower 

h~n that of non-intregresse 
individuals? 

Adverse 
decl'ne 
possible 

est'mat'on 
not possible 

ND 

GO TO V_ 
-Assess Etfects on 

Ecosystem StructuTe 
and Processes 

Lac!( Gf neeessary 
information or 

methods prevents 
reliable 

estimation. 

Adverse decline 
extremely unlikely 

GO TO Vl.B 
RISK 

MANAGEMENT-
insufficient 
Infarmatian 

Potential for 
adverse decline in 

abundance Qf 
intragressed 

populations cannot 
be ruled out 

GO TO Vt.A. 
RISK MANAQEMENT -

Specific Risks 

Manage Risk of 
Decline in Population 

Abundance 



IV.B. Potential Barriers Associated with Accessible Ecosystem 

These GMOs: 
-are NOT permanent[y 

sterile 

-have no parental spp. or 
clasely related spp. 
present in the accessible 
ecosystem(s). Do(es) the 

accessible ecosystem(s) 
have abiotic characteristics 

that clearly preclude any escaped eMO 
trom reproducing there? 

(e,g, absence of 

suitable spawning 
habitat) 

from ll.A.1. 

These GMOS have little potent!al 
for interbreeding in the 

accessible ecosystem because no 
parental or related spp. are 

present. In addition, they are 
precluded from reproduction by 

abiotic factors. These 
charaeteFistics, comblned with 

the small scale of research, 
al[ow exit of the Standards at 

this point. However, Iarger scaie 
releases may pose risks of 

adverse effects. If scale poses 
potential for these effeets, 

proceed to IV.B.1. 

YES 

NO or 
unknown 

GO TO IV.B. 1 

Ecosystem Effects -
Non-Reproductive 

Potential 

Interaction 

f o r 

EXIT 
STANDARDS 



IV.B.1 Ecosystem Eff ects - Potential for Non-Re productive Interaction 

from V.B. 

These GMOs: 
-CAN reproduce in the 

accessible ecosystem(s) 
-are NOT permanently 

steri[e 

-h~ve NO conspp. or closely 
related spp. present in the 
aceessible ecosystem(s). 

Does the 
gene modifieation produce 

intentional or unintentional changes in 

one or more phenotypic traits 

listed in Tab e ~•? 

(' attached) 

EXIT 
STANDARDS 

hD 
Evaluat'on 
not possible 

Lack of familiarity with 
overall phenotype 
prevents reliable 

assessment of ecological 
effects. 

YES 

GO TO VI.B. 
RISK MANAGEMENT-

In8ufficient Information 

re productive 
potential 

est'mated 

Estimate reproductive potential ot 
escaped GMOS in the accessible 

ecosystem(s) 

estimation 
not possibie 

Est'mate fitness of 
descendants of escaped 
GMOS in the access'b e 

ecosystems(s) 

fitness 

estimated 

estimation 
not possible 

Lack of information or methods 
for estimating repraductive 
potential or fitne88 prevents 

reliable assessment of 
ecolQgical effects. 

GO TO Vt.B. 
RISK MANAGEMENT -
Insufficient Information 

Take into account above estimates of 
reproductive potential of esoaped GMOS and 

fitness of their descendants, and 

Eftects on 
COTOV. 

Ecosystem Structure and 
Processes 



~r~~ 

IV.C. Ecosystem 

These GMOs: 
-are sterile and 
have chromosomal 
or other genetic 
changes OR 
-are tetraploid OR 
-are sterile 
interspp. hybrid$ 

Effects - Impacts of Reproductive Interterence 

from lll. 

Have 
dehsity-dependent factors in the 

potentially interfered populations been 
documented? 

rO 
GO TO Vl.B. 

RISK 
MANAGEMENT -

Insufficient 
Information 

YES 

Reproductive 
interference is 
unlikely to alter 

abundanco of 
affected 

population(s) from 
pre-existing 

patterns. 

off set 

likely 

Assess if 
density-dependent 

factors could offset a 
decline in population 

abundance that could 
result from 

reproductive 
interference by the 

GMO. 

offset 
not likely 

Decline in 
abundanco of 

aff ected 

population(s) 
likely. 

assessment 
not possibie 

Ex't of Standards allowed 
because of small scale of 

research. In some 
situations, adverse 
ecosystern effects 

due to non-reproductive 
interactions between the 
eMO and other organisms 
are possible. Researcher 
may want to evaluate this 

by going to V. 

Lack of necess8ry 
information or methods 

prevent8 reliable 
asse88ment. 

GO TO Vl.B. 
RISK MANAGEMENT-

Insuffieient Iftformation 

Assess the magnitude 
of potential decline in 

abundance of interfered 
populatons 

GO TO VI.A. 
RISK MANAGEMENT -

Specific Risks 

Manage Risks of 
Decline in 

Population Abundance 

GO TO V. 
OT proceed 

EX T 
STAN DARDS 



V. Effects on Ecosystem Structure and Processes 

GO TO Vl.A 
RISK MANAGEMENT -

Specific Risk 

Manage Risks to 
Protected Population8 

Are any "f tne 
populations w[th which the GMOS 
interact threatened, endangered, 

or of special concern? 

from IV.A.1 
from lv.B_1 
optionally 
from IV.C. 

YES or 
unknown 

ro 

L~ck of neces8ary 
information or 

methads prevent8 
reliabte assessment. 

GO TO VI.B. 
RISK MANAGEMENT 

tnsufficient 
Information 

Assessment 
not possible 

Assess type and magnitude cf interactions between GMOS 
(both accidentally escaped GMOS and their descendants) and 
other organisms in the accessible ecosystem(s). Take into 
account the fitness of fertile GMOS and their descendants, 
as was assessed in IV.A.1 or IV.B.1. 

Be sure to consider the following interactions: 

-predato,-prey 
-competitive, symbiotic, and parasitic; and 
-indirect. 

Be sure to consider the fo[lowing other organisms: 
-conspecifics of and species closely related tc the GMO, 
and 

- species eaught by sport or commercial fisheries. 

Interactions assessed 

Assess potential for above interactions of GMOS to adversely alter 
structure or processes of the accessible ecosystem(s) in ways 
that wauld not have occurred if eMOS had not accidentally escaped. 

Be sure to consider alterations that are adverse because they: 
trigger losses of diversity in species, genetic information, or h 

habitats 

decrease the predictability of the state of the aquatic ecosystem, 
complicating actions aimed at resource protection and utilization 
such as fisheries management; 
permanently alter the ecosystem to a degraded state for both 
long-term sustainability and human utilization. 

Adverse alteraticns 
are clearly 

improbable or clearly 
thought tc be 

negligible. 

Adverse alterations 
are possible or 
informatien is 
insutficient to 

determine this. 

EXtT 
STANDARDS 

GO TO Vl.A. 
RISK MANAGEMENT 

Specific Risk 

Manage Risk of 
Alteration of 

Ecosystem Processes 



VI.A. Risk Management - Specific Risks 

Select from the list below the particular risk you have been instructed to manage. 
For each risk (or set of risks] the acceptable number of accidenta[ esGapees' is 

indicated in bold. 

Mana Ri s to rot cted P u tions - from ll.A.1. or *Accidental escapees 
no/negligible accidental ,escape. = combined outcome of 

Protected populations contain species which are threatened, endangered, or of scale of experiment 
special concern. Risks are gene flow, reproductive interference, or introgressive and etfectiveness of 

barriers. hybridization in these popuiations. 

ana e Ri k f Losin Po utatian of P re S eci - from ll.C.1 
no/negligible accidental escape. 

These GMOS are NOT sterile, and have parental/related spp. present, but none are protected spp. 
Concern is that populations of parental or related species will become introgressed by interspecific 

hybridization, so that they no longer constitute a distinct species, thereby posing the risk of losing an 
evolutionarily important component of the atfected species* genetie diversity. 

Mana e Risk of Decline in Po ulation Abundance - from IV.A.1 or [V.C. 

acceptab[e number is one that ensures that accidental escapees are fewer than 
the number that will avoid a decline in the abundance of the affected 
population(s) resutting from lowered fitness or introgressed descendents 
(lV.A.1), or from reproductive interference (IV.C.) 

From IV.A.L: These GMOS are not sterile, and do have conspp. +/or closety Telated spp. present, 
but none are protected spp. 

Frcm IV.C.: These GMOS are sterile and have chromosomal or other genetic changes, or they are 
fertile/sterile tetraploids, or are sterile interspp, hybrids. 

M a e Ri k of Ite tio f E t m Pr sse - from V, 

no/negligible accidental escape 
These GMOS CAN reproduce in the aceess~ble ecosystem(s), are NOT sterile, and have no conspp, or 
closely related spp. present. Risks ct adverse alteration(s) in ecosystem processes ~xist. 

Se]ect sufticlent barriers from the categories listed below to assure that accidental 
escapees are fewer than the acceptable number for your research project. Consult text 

of Risk Management Recommendations fGr details about project siting and design of 
harriers. 

Ensure that your project meets requirements for security, alarms, operationa] plan and 
inspection, as explained in the text of the Risk Management Recommendations. 

PHYSICAL OR CHEMICAL BARRIERS 
Barriers that induoe 100'/" mortality in 

any life stage of the GMO before reaching 
an accessible ecosystem (water 

temperature, pH). 

BIOLOGICAL BARR]ERS OF GMO 
Barriers that prevent any possibility of GMO 

reproduction or survival. 

MECHANICAL BARRIERS 
Barrier devices that physically hold back 

any life stage of the GMO from leaving 
the projeet site (e,g.* screens) 

SCALE OF EXPERIMENT 
Maintain an experimental size small enough 
so that aocidental escape of all organisms 

would not have an adverse ecological effects. 

STANDARDS ARE 

COMPLETED 

WR TTEN OPERATIONAL PLAN REQUIRED 
Develop and implement an appropriate written plan addressing all factors 

desoribed in Operattons subseetion of Risk Management Recommendations. 



Vl.B. Risk Mana ement - Insufficient Information 
The precautianary approach of the Standards requires that in 

information to evaluate risk, the goal of risk management 
no/negligible accidental escape of GMOs. 

the absence af 
must be 

In uffi ient Inform tion at l,.A.1 ' *Acoidental •sscapees = combined no!negligible 'accidental escape outo•me of scale of experiment and The phenotypic etfect of the gene change(s) of these GMOS is 
effectiveness of barriers. 

unknown. Further risk assessment is not possible. 

In f' i !It f rm ion at N.A. or IV.A.1. 
na/negligible accidentat escape. 

These GMOS are NOT sterile . Conspp. or closely related spp. ARE present in the accessible ecosystem(s), 
but none afe protected spp. BeGause the eiMOs have an unfamiliar overall phenotype , unknown 
reproductive potential or unknown fitness, no determination can be made of their impact on the structure 
or processes of the accessible ecosystem(s). 

In ff' 'e t I form t'on t IV.B.1 
no/negligible accidental escape. 

These GMOS are NOT sterile, and have NO conspp. or closely related spp. present in the accessible 
ecosystem(s). No barriers to their reproduetion in accessible ecosystem(s) are known to exist. 
Because the GMOS have an unfamiliar overall phenotype , unknown reproductive potential or unknown 
fitness, no determination can be made of their impact on the structure or processes of the accessible 
ecosystem(s). 

In ffi i n Inf rm t'on t V. 
nolnegligible accidental escape. 

These eMOS are either sterile with chromosomal or other genetic changes, or are sterile intraspecific 
hybrids, or are tetraploid. Conspecifics or closely related species are present in the accessible 
ecosystem(s), but none are protected spp. 

Information is insutSident to assess 
or to assess the comb ned outcome 

the effect of reproductive interference on the 
of density-dependent factors and reproductive 

affected population(s), 
interference . 

Select 
accidental 

sutfioient barriers 
escape of GMOS 

Recommendations 

from the categories listed below to 
for your research project. Consult 
for details about project siting and 

Ensure that your project meets 
inspection, as explained in 

requirements for 
the text of the 

ensure no/negligible 
text of Risk Management 
barrier design. 

security, alarms, 
Risk Management 

operational plan and 
Recommendations. 

PHYSICAL OR CHEMICAL BARRIERS BIOLoeICAL BARR ERS OF GMO 
Barriers that induce iOO'/• mortality in Barriers that prevent any possibility of 

any life stage ot the GMO before GMO reproduction or survival. 
reaching an aocessible ecosystem 

(water temperature, pH). 

MECHANICAL BARRIERS SCAuE OF E)(PERIMENT 
Barrier devices that physically hold Maintain an experimental size small enough 

so that accidental escape of all organisms 
baek any life stage of the GMO from would not have adverse ecologica] eftects 

leaving the project site (e.g., soreens). 

STANDARDS ARE 

COMPLETED 

WRrrTEN OPERATlaNAL PLAN REQUIRED 
Develop and implement an appropriate written pian addressing all factors 

described in Operations subsection of Risk Management Recommendations. 



Table 1. Classes and examples of possible phenotype changes in genetlcally Inodified 
fish, crustaceans, and molluscs. 

Class Examples of Phe_**otypic Change Ecological Effect 

Metabolism - Growth rate 
- Enery metabolism 
- Food Utilization 

- Shift to different prey size 
- Alter nutrie. nt and energy 

flows 
Tolerance of 
Physical Factors 

- Temperature 
- Salinity 

- pH 
- Pressure 

- Shift preferred habitats 
- Alter geographic range 

Behavior - Reproduction 
- Territoriality 

- Migration 
- Chemosensory (including 
pheromones, allelochemicals) 
- Swimmin /navi ation 

- Alter life history patterns 
- Alter population dynamics 
- Alter species interactions 

Resource/Substrate Use - Food utilization - Release from ecological 
limits - Alter food webs 

Popul ation 
R.egulating Factors 

- Novel disease resistance 
- Reduced predation/parasitism 
- Habitat preference 

- Alter population aud 
communtiy dynamics 

- Release from ecological 
limits 

Reproduction - Mode 
- Age at maturation and duration 
- Fecundity 
- Sterilit 

- Alter population and 
community dynamics 

- Interfere with reproduction 
of related or anisms 

Morphology - Shape and size 
- Color 
- Fin/a endaUe form 

- Alter species interactions 

Life History - Embryonic and larval 
development - Metamorphdsls 

- Life s an 

- Alter life history patterns 
- Alter population and 
community dynamics 
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Worksheet Accompanying 
Performance Standards for Safely Conducting Research 

with Genetically Modified Finfish and Shellfish 

Introduction 

The Performance Standards for Safely Conducting Research with Genetically Modified Finflsh 
and Shellfish are voluntary guidelines intended to aid researchers and institutions in assessing the 
genetic and ecological effects of research activities involving genetically modified fish, 
crustaceans, and molluscs, and in determining appropriate procedures and safeguards so that the 
research can be conducted without causing adverse impacts on the environment. The Flowcharts 
of the Performance Standards guide researchers in identifying, assessing and managing specific 
risks. This Worksheet accompanies the Flowcharts. Once completed by the researcher, the 
Worksheet will document both the decision path taken through the flowcharts of the Performance 
Standards, and any risk management measures. It is designed to assist researchers and 
reviewers in evaluating the project. Until the Performance Standards are incorporated into a 
computerized expert system with the capability of producing a hard-copy trace of the decision 
path, this worksheet should be used. 

Principal 
Investigator: 
Pro posed 
project: 

Please mark your response to a question by checking "Yes." "No," "Don't know," "EXIT," or 
by indicating your routing to a subsequent flowchart. Marking of more than one blank may be 
appropriate in particular situations. Attach written explanatory materials as directed below. 

Flowchart Documentation 

Please list the numbers of all flowcharts that you used: 

Flowchart 
No. 

I. Do the performance standards apply to the proposed experiment? 
Yes or don't know. Where were you routed? 

Continue to flowchart ll.A. 
Consult Appendix B . 

No. EXIT the standards. 

II.A. Does the GMO result from deliberate gene changes? 
Yes. Where does flowchart ll.A. route you? 

H.A. 1. Assess impact of deliberate gene changes. 
EXIT the standards. Attach your rationale. 
No. Continue to flowchart II.B. 
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Flowchart 
No. 

II.A. 

II. B . 

1. Where are you directed following completion of the flowchart regarding possible 
impact of deh'berate gene changes? Attach a written description of any identlfied risks. 

H. Assess potential interference with natural reproduction. 
rv.A. in Ecosystem effects assessment. 
Accidentally escaped GMOS may establish population posing potential for 

introgression. , 
rv.B. in Ecosystem effects assessment, 
Accidentally escaped GMOS may establish population posing adverse effects on 
ecosystem structure or processes. 
VI.A. Risk management - identified risks: manage risks to protected populations. 
VI.B, Risk management - insufficient information. 
EXIT the standards. Attach your rationale. 
EXIT but consult relevant federal and state agencies regarding use of non-
indigenous species, Attach your rationale. 

Does the GMO result from deliberate chromosomal manipulations? 
Yes. Where does flowchart H,B, route you? 

n.B. I , Assess potential impact of chromosomal manipulations. 
H.C. Assess impact of additional modiflcations. 
EXIT the standards, Attach your rationale. 
No, Continue to flowchart H.C, 

II. B . 

II.C. 

II.C. 

III. 

1. 

1. 

Where are you directed following completion of the flowchart regarding possible 
impacts of deliberate chromosomal changes? Attach a written descnption of any identified 
risks. 

lll. Evaluate potential interference with natural reproduction. 
EXIT the standards. Attach your rationale. 
EXrr but consult relevant federal and state agencies regarding use of non-
indigenous species. Attach your rationale. 

Does the GMO result from interspecific hybridization? 
Yes. Where does flowchart ll.C. route you? 

II.C. I . Assess potential impact of interspecific hybridization. 
EXIT the Standards. Attach your rationale. 
No. EXIT the standards. Attach your rationale. 

Where are you directed following completion of the flowchart regarding potential 
impact of interspecific hybridization? Attach a written description of identlfied risks . 

III. Evaluaie potential interference with natural reproduction. 
VI.A. Risk management - specific risks: Manage risks to protected populations. 
VI.A. Risk management - specific risks: Manage risks of losing population of 
pure species. 
EXrT the standards. Attach your rationale. 
EXrr but consult relevant federal and state agencies regarding use of non-
indigenous species. Attach your rationale. 

If you were directed to use the flowchart regarding potential interference of a sterile GMO 
with natural reproduction, where were you routed? Attach a written description of 
identlfied risks. 

rv.C. Ecosystem effects - impacts of reproductive interference. 
VI.A. Risk management - specific risks. Manage risks to protected populations. 
EXIT the standards. Attach your rationale. 
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Flowchart 
No. 

IV.A. 

IV.A. 

IV.B. 

IV .B . 

IV.C. 

v. 

VI.A. 

1 

1 

If you were directed to use the flowchart regarding potential ecosystem effects of GMOS 
expressing deliberate gene changes , where were you routed? Attach material describing 
risks identlfied. 

IV.A. I . Ecosystem effects - impacts of introgression of modified gene(s) 
VI.B, Risk management - insufficient information. 
EXIT the standards. Attach your rationale. 

, If you were directed to use the flowchart regarding potential impacts of introgression 
of the modified gene into naturai populations, where were you routed? Attach a written 
description of identified risks. 

V. Assess effects on ecosystem structure and processes. 
VI.A. Risk management - specific risks. Manage risk of decline in population 
abundance . 
VI.B. Risk management - insufficient information. 

If you were directed to use the flowchart regarding potential barriers to reproduction of 
the GMO associated with the accessible ecosystem, where were you routed? Attach a 
written description of identlfted risks. 

IV.B. I . Ecosystem effects - potential for non-reproductive interaction. 
EXIT the standards. Attach your rationale. 

. If you were directed to use the flowchart regarding the potential for non-reproductive 
interaction of the GMO with conspecifics or closely related species, where were you 
routed? Attach a written description of identtfied risks. 

V. Effect on ecosystem structure and processes. 
VI.B . Risk management - insufficient information. 
EXrr the standards. Attach your rationale. 

If you were directed to use the flowchart regarding potential ecosystem impacts of 
reproductive interference by sterile GMOs, where were you routed? Attach a written 
description of identlfied risks. 

VI.A. Risk management - specific risks. Manage risks of decline in population 
abundance . 
VI.B. Risk management - insufficient information. 
EXIT the standards. Attach your rationale. 

If you were directed to use the flowchart regarding potential effects of the GMO on 
ecosystem structure and processes, where were you routed? 

VI.A. Risk management - specific risks Manage risks to protected populations. 
VI.A. Risk management - specific risks. Manage risks of alteration of ecosystem 

processes. 
VI.B. Risk management - insufficient infonnation. 
EXIT the standards. Attach your rationale. 

If you were directed to use the flowchart regarding risk management when there are 
identified risks, what measures do you plan to adopt to manage these potential risk(s)? 
Attach a written description of the risk management measures you plan to implement. Be 
certain to eddress the topics listed in the Risk Management Documentation section below. 
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Flowchart 
No. 

VI.B . If you were directed to use the flowchart regarding risk management when there is 
insufficient information to assess risks, what measures do you plan to adopt to effectively 
confine the proposed experixnent? Attach a written description of the risk management 
measures you plan to implement. 
Be certain to address the topics listed in the Risk Management Documentation section 
below. 

Additional Questions 

1 . Are you working with a non-indigenous species? 
Yes. 
No. 

2. If yes, have you consulted the state and federal agencies which oversee uses of non-
indigenous fish, crustaceans, and molluscs and complied with their procedures? 

Yes 
No 

List names addresses, telephone nunibers, and area of expertise of the experts you contacted for 
substantial advice in assessing effects of a proposed experirnent and in designing adequate safety 

measures. 

Signature of researcher Date 

Address and Phone No. 
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Risk Mana ement Documentation 

As part of compliance with the voluntary Performance Standards, the researcher must describe 
and provide the rationale for the risk management measures. Major points explained in the text 
on Risk Management Recommendations are listed below. Researchers and reviewers should 
read the text on Risk Management Reconunendations before using this portion of the Worksheet. 
The risk management documentation must fully respond to these major points. For items which 
request a narrative response, attach your written responses and identify the numbered item being 
addressed. 

Pr 'ect Sitin 
1. Explain how the siting and structures of the project prevent accidental releases during 

flooding or other natural disasters. 
a. If project involves placement of GMOS in uncovered outside tanks or ponds, is there the 

potential for sudden high winds to wash organisms into a natural water body (accessible 
ecosystem) via water spray or waves? 

Yes. Proceed to item 1.b. 
No. Proceed to item 2. 

b. If there is potential for GMOS held in outside units to be washed via sudden high winds 
into a natural water body , what measures will be taken to adequately cover these outside 
units or otherwise protect against movement of GMOS by water spray or waves into 
nearby natural water bodies? (Explanatory diagrams may bc useful), 

Desi of B arrier 
The Standards identify four types ofbarriers: (1) physical or chemical; (2) mechanical; (3) 
biological; and (4) scale of experiment as a barrier. 

2. Was the project site chosen because the surrounding accessible ecosystems are lethal to an 
life stages of the GMO? 

Yes. Address items 2.a and 2.b. 
No. Proceed to item 3. 

(a) Describe evidence that the accessible ecosystems are indeed lethal to the GMO. 
(b) Explain how the siting reduces the need for barriers on-site. 

3 . Could the project's GMOS potentially escape thlough any of the paths (aquatic and non-
aquatic) Iisted below? Answer "Yes" if there is potential for escape or uncertainty about 
potential escape of GMOS via the listed path. Answer "No" only if escape is clearly 
precluded. 
_ a. Influent/makeup water? 

b. Effluent and drawdown water? 
CNote: if discharge to sanitary sewer is used as one barrier against accidental escape 
of GMOS in effluent, at least one additional barrier is necessary.) 

c. Waste slurries? 
_ d. Disposal ofexperimental animals? 
_ e. Aerosols (applies only to shellfish with small larvae)? 
_ f. Equipment cleaning and storage? 

4. Have you identified additional, potential escape paths? If yes, briefly describc each path. 

5 . For each escape path identified in items 3 and 4 above, describe the arrangement and types of 
barriers to escape; a diagram of layout ofbaniers at the site or facility may be useftil. 
Describe: treatment and disposal of waste slunies; disposal of experilnental animals; and 
cleaning and storage of equipment. 
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6. Describe how the types and numbers of barriers in series are sufficient to achieve the 
"acceptable number of accidental escapees" specified in Flowcharts VI.A. or VI.B. 

S ecial Concerns 
7 , If biological barriers are used for a given escape path, does the path have at least 

one other type of barrier? (Because of their variable efficacy, biological barriers 
cannot comprise the enhre set of barriers.) 

8 . If scale is used as a banier, are you certain the GMO is not a self-fertilizing 
hermaphrodite or true parthenogen? Attach supporting evidence. 

~~~~ty 
9. Describe the security measures implemented to: 

a, control normal movement of authorized personnel, 
b. prevent unauthorized access to the site, and 
c. elirninate access for predators who could potentially carry animals off-site (applies only to 

outdoor projects). 

Alarms 
lO. Describe and justify the adequacy of the entire set of installed alarms. Be sure to address 

the following: 
a. Have you installed a water level alann (required for all projects)? 
b. Do all installed alarms have backup power? 
c. Describe the plan for notifying designated persomel. 

Qp~~~~~~u~~n 
1 1 . Attach the written operational plan. Required components are: 

a. Training. 
b. Traffic Control . 

c. Record Keeping. 
d. Emergency Response Plan. 

Review and Inspection 

12. Has your institutional biosafety committee. biosafety officer, or other appropriate expert 
reviewed and approved the proposed project and its risk management measures? If no, 
explain the status of review of your project. 

Yes 
No 

Have you notified federal, state, and local agencies having jurisdiction over any aspects of your 
proposed project? If no, please explain. 

Yes 
No 

Please list au required permits and authorizations and check appropriate line regarding status of 
your application 

approved pending not yet submitted 
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Worksheet Accompanying 
Performance Standards for Safely Conducting Research 

with Genetically Modified Finfish and ShellJ~rsh 

Introduction 

The Performance Standards for Safely Conducting Research with Genetically Modified Finfish 
and Shellfilsh are voluntary gnidelines intended to aid researchers and institutions in assessing the 
genetic and ecological effects of research activities involving geneticany modifled fish, 
crustaceans, and molluscs, and in detennining appropriate procedures and safeguards so that the 
research can be conducted without causing adverse impacts on the environment. The Flowcharts 
of the Perfonnance Standards guide researchers in identifying, assessing and managing specific 
risks. This Worksheet accompanies the Flowcharts. Once completed by the researcher, the 
Worksheet will docwnent both the decision path taken through the flowcharts of the Performance 
Standards, and any risk management measures. It is designed to assist researchers and 
reviewers in evaluating the project. Unul the Performance Standards are incorporated into a 
computerized expert system with the capability of producing a hard-copy trace of the decision 
path, this worksheet should be used. 

Principal 
Investigator: M. Saxatilis 

Proposed 
project: Investigation of growth perfonnance of hybrid striped bass (Morone saxatilis x 

M. chrysops) in Lake Rend, a southern minois reservoir. 

Please mark your response to a question by checking "Yes," "No," "Don't know," "EXrT," or 
by indicating your routing to a subsequent flowchart. Marking of more than one blank may be 
appropriate in particular situations. Attach written explanatory materials as directed below. 

Flowchart Do umentation 

Please list the numbers of all flowcharts that you used: I 

Flowchart 
No. 

I . Do the performance standards apply to the proposed exporirnent? 
Yes or don't know. Where were you routed? 

Continue to flowchart H.A. 
Consult Appendix B. 

t/ No EXIT the standards Optronal ratronale attached 
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List names addresses, telephone numbers, and area of expertise of the experts you contacted for 
substantial advice in assessing effects of a proposed experiment and in designing adequate safety 

measures. 

Signature of researcher 

Address and Phone No. 

Fisheries Research Laboratory 
Southem nlinois University 
Carbondale, IL 62901 
(618) 453-413 1 

~J~~D* I I~~S 
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tional Rationale Attached to: 

Worksheet Accompanying Performance Standards 
for Safely Conducting Research with 

Genetically Modified Finfish and Shellfish 

Proposed Project: Investigation of growth performance of hybrid striped bass (Morone saxatilis) x 
white bass (M. chrysops) in Lake Rend, a southem lllinois reservoir. 

The proposed work involves stocking of a fish modiJ~led only through interspecific 
hybridization into a flood control/recreation reservoir. The hybrid has been stocked in the reservoir 
over the past 15 years. I exited from the Performance Standards at flowchart I because there is no 
documentation of adverse effect of this hybrid in the accessible ecosystem. However, I opt to 
attach the following information to explain the value of the research, given that no studies have yet 
addressed potential adverse effects. 

~~~~i~~2ti~~~: Should the project go forward, marked hybrids will be released directly 
into the reservoir, whic.h is an ecosystem suitable for their survival. It would not be practical to 
treat the reservo.ir to remove the hybrids once they were stocked. 

Regarding potential risks, one of the parental species, white bass, is native to the watershed 
at issue. Because the hybrid is fertile, there is a possibility of its back-crossing to this species. 
lhdeed, such backcrosses were observed in a siDailar reservoir, Lake Palestine, in Texas (Forshage 
et al. 19.86. Natural reproduction of white bass x striped bass in a Texas reservoir. Proc. Ann. 
Conf. Southeast. Assoc. Fish & Wildl. Agencies 40:9-14). 

Risk mana ement considerations: Although this proposed experiment presents the potential 
for introgressive hybridization, the hybrid has been stocked in the reservoir for the past 15 years. 
The proposed project differs from fishery mana~ement practice only inasmuch as growth 
performance of the hybrid will be monitored. Because of this context, it would not be appropriate 
to adopt additional confmement measures . 

Risk assess ent research: In order to evaluate the potential for introgressive hybridization 
- i.e., to support bctter-informed fishery management decisions - a genetic monitoring component 
will be incorporated into the proposed project. Two years after stocking ~)f the hybrids, 200 
young-of-the-year Morone sp, will be collected and examined for species-specific genetic markers. 
Presence of individuals which are neither white bass nor F1 hybrids will be taken as evidence of 
reproduction of the F1 hybrids. Further experiments with hybrid striped bass, as well as future 
fishery management practice, will be evaluated in light of the results. 
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Worksheet Accompanying 
Performance Standards for Safely Conducting Research 

with Genetically Modified Finfish and Shellfish 

Introduction 

The Performance Standards for Safely Conducting Research with Genetically Modified Finfish 
and Shellfirsh are voluntary guidelines intended to aid researchers and institutions in assessing the 
genetic and ecological effects of research activities involving genetically modified fish, 
crustaceans, and molluscs, and in determining appropriate procedures and safegnards so that the 
research can be conducted without causing adverse impacts on the enviromnent. The Flowcharts 
of the Performance Standards guide researchers in identifying, assessing and managing specific 
risks. This Worksheet accompanies the Flowcharts. Once completed by the researcher, the 
Worksheet will document both the decision path taken through the flowcharts of the Performance 
Standards, and any risk management measures. It is designed to assist researchers and 
reviewers in evaluating the project. Unfil the Performance Standards are incorporated into a 
computerized expert system with the capability of producing a hard-copy trace of the decision 

path, this worksheet should be used. 

Princi pal 

Investigator: C. Gigas 

Proposed 
project: Investigation of resistance of triploid Pacific oysters to the disease MSX and 

denno in Chesapeake Bay. 

Please mark your response to a question by checklng "Yes," "No," "Don't know," "EXIT," or 
by indicating your routing to a subsequent flowchart. Marking of more than one blank may be 
appropriate in particular situations. Attach written explanatory materials as directed below . 

Flowchart Documentation 

Please list the numbers of all flowcharts that you used: 
I, Appendix B, VI.B, if taken to be capable of selfing; otherwise I, ll.A, H.B, ll.B.1, if 
selfing is ruled out. 

Flowchart 
No. 

I. Do the performance standards apply to the proposed experiment? 

./ Yes or don't know. Where were you routed? 

•/ Continue to flowchart II.A. 
Consult Appendix B. 

No. EXIT the standards. 

II.A. Does the GMO result from deliberate gene changes? 
Yes. Where does flowchart ll.A. route you? 

II.A.1. Assess impact of deliberate gene changes. 
E)OT the standards. Attach your rationale. 

•/ No. Continue to flowchart H.B. 
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Flowchart 
No. 

II.B. Does the GMO result from deliberate chromosomal manipulations? 
~_ Yes. Where does flowchart H.B. route you? 

/ ll.B. I . Assess potential impact of chromosomal manipulations. 
ll.C. Assess impact of additional modifications. 
EXrr the standards. Attach your rationale. 
No. Continue to flowchart II.C. 

II.B.1. Where are you directed following completion ofthe flowchart regarding possible 
impacts of deliberate chromosomal changes? Attach a written descnption of any identified 
risks. 

III. Evaluate potential interference with natural reproduction. 
EXrr the standards. Attach your rationale. 

/ EXIT but consult relevant federal and state agencies regarding use of non-indigenous 
species. Attach your rationale. 
Rationale attached 

Additional Questions 

1 . Are you workng with a non-indigenous species? 

~_ Yes. 
No. 

2. If yes, have you consulted the state and federal agencies which oversee uses of non-
indigenous fish, crustaceans, and molluscs and complied with their procedures? 

~L Yes. 
No 

List names addresses, telephone numbcrs, and area of expertise of the experts you contacted for 
substantial advice in assessing effects of a proposed experixnent and in designing adequate safety 

measures. 

Locai official, Virginia Marine Resources Comrnission 

Marine ecologist 

Reproductive Physiologist 

Signature ofrese cher 

ly4~:._ il~S 

Address and Phone No. 

Department of Fisheries and Aquaculture 
Virginia Institute of Marine Science 
Gloucester Point, VA 
(804) 234-2222 
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Rationale Attached to: 

Worksheet Accompanying Performance Standards 
for Safely Conducting Research with 

Genetically Modified Finfish and Shellfish 

Proposed Project: Investigation of resistance of triploid Pacfflc oysters to the diseases MSX and 
dermo in Chesapeake Bay 

Risks idenffied: The Pacific oyster, Crassostrea gigas, is not native to Chesapeake Bay, 
hence, triploidy wm be used as a means of reproductive confinement. Triploid Pacific oysters, 
however, have shown a high frequency of hermaphroditism, as high as 29% (Allen and Downing, 
1990. Perfonnance of triploid Pacifrc oysters, Crassostrea gigas: gametogenesis. Can. J. Fish. 
Aquat. Sci. 47:1213-1222). An individual was observed which produced haploid eggs and sperm. 
The possibility of selfing has not been investigated. Further, recent observations suggest that a 
considerable proportion of apparently triploid individuals can progressively revert to the diploid 
condition (Blankenship 1994. Experiment with Japanese oysters ends abruptly. Bay Journal 4 
(5): 1-4). Therefore, application of the precautionary principle would have me consult Appendix B 
of the Performance Standards and practice stringent confmement. 

Should it be possible to rule out the possibility of selfing or conventional reproduction, a 
different pathway through the Performance Standards would lead me to identify much the same set 
of risks. With exit from the Performance Standards and consulting the Virginia Marine Resources 
Conunission, however, specific requirements for risk management would depend on regulations of 
the state of Virginia or of other agencies (see recommendations bclow). The only modification to 
the parental organism is a change in the number of chromosomes. It is proposed that the oysters 
will be stocked into a suitable natural ecosystem. Were the oysters to reproduce, it would not be 
possible to treat the ecosystem to eradicate the young. There are no native species with which 
Pacific oysters can interbreed; thus, risk is limited to that of introduction of a new species, due to 
reproduction of individuals for which triploidy turned out to be an ineffective means of 
sterilization. 

Pro osed risk mana ement: Although I was routed to consult relevant state and federal 
agencies, I voluntarily offer the following description of my experimental protocol. Siting of the 
experiment so as to minimize risk is not an option. Hence, oysters will be held in a tank into 
which unfiltered Bay water will be pumped - a vertical drop wm preclude loss,of gametes via 
influent water. Effluent water wm pass through a UV sterilization unit and a filter removing 
particles smaller than oyster gametes. The tank will bc held in a greenhouse - during the breeding 
season, aerosols from over the tank will be passed through a double screen to remove any larvae 
which may have become entrained. Equipment used in the facility will not be used elsewhere. 
Research animals will be killed and stored under freezing conditions for at least 24 hours before 
disposal. Access to the site will be limited. Personnel will be chosen carefully and thoroughly 
briefed about risks posed by introduction of the species to Chesapeake Bay. 
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Worksheet Accompanying 
Performance Standards for Safely Conducting Research 

with Genetically Modified Finfish and Shellfish 

Introduction 

The Performance Standards for Safely Conducting Research with Genetically Modified Finflsh 
and Shellfish are voluntary gnidelines intended to aid researchers and institutions in assessing the 
genetic and ecological effects of research activities involving genetically modified fish, 
crustaceans, and molluscs, and in detennining appropriate procedures and safeguards so that the 
research can be conducted without causing adverse impacts on the environulent. The Flowcharts 
of the Performance Standards guide researchers in identifying, assessing and managing specific 
risks. This Worksheet accompanies the Howcharts. Once completed by the researcher, the 
Worksheet will document both the decision path taken through the ilowcharts of the Performance 
Standards, and any risk management ineasures. It is desigued to assist researchers and 
reviewers in evaluating the project. Until the Perfonnance Standards are incorporated into a 
computerized expert system with the capability of producing a hard-copy trace of the decision 
path, this worksheet should be used. 

Princi pal 

Investigator: 

Pro posed 
project: 

I. Punctatus 

Field testing of chumel catfish expressing an introduced growth hormone gene in 
Alabama 

Please mark your response to a question by checking "Yes." "No," "Don't know," "EXIT," or 
by indicating your routing to a subsequent flowchart. Marking of more than one blank may be 
appropriate in particular situations. Attlach written explanatory waterials as directed below. 

Flowcha t D cwnentation 

Please list the numbers of all flowcharts that you used: 
I, n.A, H.A.1, rv.A, VI.B 

Flowchart 
No. 

I. Do the performance standards apply to the proposed experiment? 

~ Yes or don't know. Where were you routed? 
Continue to flowchart ll.A. 
Consult Appendix B. 

No. EXIT the standards. 

II.A. Does the GMO result from deliberate gene changes? 
V Yes. Where does flowchart H.A. route you? 

~_ II.A. 1. Assess impact of deliberate gene changes. 
EXrr the standards. Attach your rationale. 
No. Continue to flowchart II.B. 
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Flowchart 
No. 

II.A.1. Where are you directed following completion of the flowchart regarding possible 
impact of dellberate gene changes? Attach a written description of any identified risks. 

II. Assess potential interference with natural reproduction. 

t/ IV.A, in Ecosystem effects assessment. 
Accidentally escaped GMOS may establish population posing potential for 
introgression. 
IV.B. in Ecosystem effects assessment, 
Accidentally escaped GMOS may establish population posing adverse effects on 
ecosystem structure or processes. 
VI.A, Risk management - idenufiled risks: manage risks to protected populations, 
VI.B. Risk management - insufficient information. 
EXIT the standards. Attach your rationale, 
EXrr but consult relevant federal and state agencies regarding use of non-
indigenous species. Attach you rationale, 

IV.A. If you were directed to use the flowchart regarding potential ecosystem effects ofGMOs 
expressing deliberate gene changes, where were you routed? Attach material describing 
risks identlfied. 

rv.A. I . Ecosystem effects - impacts of introgression of modified gene(s) 

/ VI.B. Risk management - insufficient information. 
EXIT the standards. Attach your rationale. 

Additional Questions 

1 . Are you working with a non-indigenous species? 
Yes. 

./ No. 

List names addresses. telephone nwnbcrs, and area of expertise of the experts you contacted for 
substantial advice in assessing effects of a proposed experiment and in designing adequate safety 

measures. 

Local Fish and Game Department Official 

Evoludonary biologist 

Aquatic ecologist 

Signature of researcher 

~-._ I I ~~[S 

Address and Phone No. 

Departuent of Fisheries and Aquaculture 
Aubum University 
Auburn. AL 36820 
(205) 826-4444 
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Ris Mana ement Documentation 

As part of compliance with the voluntary Performance Standards, the researcher must describe 
and provide the rationale for the risk management measures. Major points explained in the text 
on Risk Management Recommendations are listed below. Researchers and reviewers should 
read the text on Risk Management Recomm:endations before using this pq~tion of the Worksheet. 
The risk management documentation must fully respond to these major points. For items which 
request a narrative response, attach your written responses and identify the numbered item being 
addressed. 

Pro' ct Sitin 
1 . Explain how the siting and structures of the project prevent accidental releases during 

flooding or other natural disasters. 
a. If project involves placement of GMOS in uncovered outside tanks or ponds, is there the 

potential for sudden high winds to wash organisms into a natural waterbody (accessible 
ecosystem) via water spray or waves? 

Yes. Proceed to item 1.b. 
v/ No. Proceed to item 2, 

b. If there is potential for GMOS held in outside units to be washed via sudden high winds 
into a natural water body, what measures will be taken to adequately cover these outside 
units or otherwise protect against movement of GMOS by water spray or waves into 
nearby natural water bodies? (Explanatory diagrams may be useful). 

Desi n ofBarriers 
The Standards identify four types of barriers: (1) physical or chemical; (2) mechanical; (3) 
biological; and (4) scale of experiment as a barrier. 

2. Was the project site chosen because the surrounding accessible ecosystems are lethal to all 
life stages of the GMO? 

Yes, Address items 2.a and 2,b, 
t/ No, Proceed to item 3. 

(a) Describe evidence that the accessible ecosystems are indeed lethal to the GMO. 
(b) Explain how the siting reduces the need for barriers on-site. 

3 . Could the project's GMOS potentially escape through auy of the paths (aquatic and non-
aquatic) Iisted below? Answer "Yes" if there is potential for escape or uncertainty about 
potential escape of GMOS via the listed path. Answer "No" only if escape is clearly 
precluded. 
~~~ a. Influent/makeup water? 
Yes b. Effluent and drawdown water? 

(Note: if discharge to sanitary sewer is used as one barrier against accidental escape 
of GMOS in effluent, at least one additional barrier is necessary.) 

No c. Waste slurries? 
Y~~~~ d. Disposal ofexperimental animals? 
N~~~_ e. Aerosols (applies only to shellfish with small larvae)? 
N_o f. Equipment cleaning and storage? 

4. Have you identified additional, potential escape paths? If yes, briefly describe each path. 

5 . For each escape path identified in items 3 and 4 above, describe the arrangement and types of 
baniers to escape; a diagram of layout of barriers at the site or facility may be useful. 
Describe: treatment and disposal of waste slurries; disposal of experimental animals; and 
cleaning and storage of equipment. 
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6. Describe how the types and numbers of barriers in series are sufficient to achieve the 
"acceptable number of accidental escapees" specified in Flowcharts VI.A. or VI.B. 

S ial Concems 
7 . Yes If biological barriers are used for a given escape path, does the path have at least 

one other type of banier? (Because of their variable efficacy, biologicai barriers 
cannot comprise the entire set of barriers.) 

8 n.a. If scale is used as a barrier, are you certain the GMO is not a self-fertilizing 
hermaphrodite or true parthenogen? Attach supporting evidence. 

~~~I~ty 
9 . Describe the security measures implemented to: 

a. control normal movement of authorized personnel, 
b. prevent unauthorized access to the site, and 
c. eliminate access for predators who could potentially carry animals off-site (applies only to 

outdoor projects). 

Alanns 
1 O. Describe and justify the adequacy of the entire set of installed alarms. Be sure to address 

the following: 
a. Have you installed a water level alarm (required for all projects)? 
b. Do all installed alanns have backup power? 
c. Describe the plan for notifying designated personnel. 

O erational Plan 
1 1 . Attach the written operational plan. Required components are: 

a. Training. 
b. Traffic Control. 
c. Record Keeping. 
d. Emergency Response Plan. 

Review and Inspection 

12. Has your institutional biosafety comntittee, biosafety officer, or other appropriate expert 
reviewed and approved the proposed project and its risk management measures? If no, 
explain the status of review of your project. 

~/ Yes 
No 

Have you notified federal, state, and local agencies having jurisdiction over any aspects of your 
proposed project? Ifno, please explain. 

/ Yes 
No 

Please list all required perDaits and authorizations and check appropriate line regarding status of 
your application 

approved pending not yet submitted 
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Su ortin Material ttached o: 

Worksheet Accompanying Performance Standards for Safely 
Conducting Research with Genetically Modified Finfish and Shellfish 

Proposed Project: Field testing of charmel cathsh expressing an introduced growth hormone gene 
in Alabama. 

~~~~i~~Q~i~~~: The accessible ecosystem contains conspecifics with which the transgenic 
catflsh potentially could interbreed. The transgenic catfish are fertile; hence, there is a potential for 
reproduction of the transgenic fish, with possible introgression of the introduced growth hormone 
gene construct into the natural population. 

In order to evaluate ecosystem effects of the deliberate gene change,, I would need to have 
information regarding reproductive potential, gene flow, and fitness for a GMO population, as well 
as information about the structure and ftinction of the accessible ecosystem. In particular, the 
current knowledge base makes it quite difficult for mJe to anticipate the fitness of transgenic catfish 
expressing an introduced growth hormone gene, or their descendants, in natural ecosystems. 
Hence. I conclude that lack of fatniliarity prevents reliable assessment of ecological effects, and I 
choose to practice risk management as appropriate in the face of insufficient infomration. 

Risk mana ement documentation: The project will be cauied out in a secured outdoor pond 
facility near Aubum, Alabama. A portion of the facility was designed and built for purposes of 
confinement of geneticaily modified fish. 

Pro'ect sitin : 

Question I . The project site is over a ntile from Sougahatchee Creek, the closest body of 
natural water. The top of the pond levees are approximately 36 feet above the estimated 100-year 
flood height for the creek. 

la. There is no potentiai for sudden high winds to wash organisms into the accessible 
ecosystem via water spray or waves. 

Desi n ofbarriers. 

Question 2. The project site is not inherently lethal to channel caiflsh; indeed, channel 
cathsh populations occur naturally in the watershed. 

Question 3. Transgenic catfish might potentiauy escape via influen~makeup waters, via 
effluent or drawdown waters, or via disposal ofexperimental animals. Procedures for minimizing 
associated hazards are described below under question 5. I find it untenable that catfish could 
escape from the facility in waste slurries, in aerosols, or via equipment cleaning or storage; details 
are presented below as responses to questions 9b and 9c, respectively. 

Question 4. Human or animal encroachment. Procedures to minirnize associated hazards 
are presented below as responses to question 9b and 9c, respectively. 

Question 5. Barriers to escape of experimental animals via given paths are described 
below: 

a. Influent/mak~np water. The ponds' inlets will be double-screened, with a vertical drop 
of water into any pond or culture vessel. During drought conditions, water may have to be added 
to the ponds. This will be done only by personnel with authorized entry into the pond site. With a 
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maximum flow-rate of 9,500 gallons per hour through the overflow pipe, there is little chance of 
accidentally adding too much water through the ponds. 

b. Effluent/drawdown water. The ponds' outlets will be double-screened. Screens will be 
hose-clamped to the end of the pipes. The mesh sizes used will be compatible with the 
confinement requirements of the life stage of the fish. Initially, a 250 micron saran screen will be 
used, and mesh size will be increased to 1/2 inch as the fish grow. Screens larger than 500 
microns will be made of hard plastic securely clamped to the pipe. 

Any water discharged from the ponds will pass into a catch basin emptied through a French 
drain (Figure 1). The catch basin is a 0.3 acre pond into which all water from the experimental 
ponds drain. The bottom of the catch basin pond contains a French drain in a trench that is 70 feet 
long, 6 feet wide, and 5 feet deep. The French drain is designed to filter any water entering the 
catch basin through several layers of gravel and Agrifabric before entering perforated pipes located 
near the bottom of the drain. Filtered water then discharges off site into a open drain ditch, where 
it flows into a barrier pond about 1/2 mile away. 

The banier pond is an impounded reservoir containing fishes predacious on the various life 
stages of chamel catfish. The water level of the pond will be maintained at nine inches below 
spillway elevation to fully contain any discharge from the experimental pond site. 

c. Waste slurries. No waste slurries are at issue in this experiment. 

d. Disposal of experimental animals. At termination ofthe experiment, the fish will be 
seined from the experimental ponds and humanely killed with MS-222. The ponds will be 
poisoned with rotenone to kill any fish which may remain. A group of bioassay carp in a cage will 
be placed in the ponds to confirm efficacy of the poison. The rotenone-treated water will be 
detoxified with potassium permanganate and the rotenone allowed to completely oxidize prior to 
the ponds being drained into the catch basin pond. Dead fish will be frozen for a period of not less 
than 24 hours before disposal by incineration at the Veterinary College. 

e. Aerosols. Escape of animals via aerosols is not at issue for channel catfish. 

f. Equipment cleaning and storage. Nets, boots, and small equipment will be washed 
down after use in water containing bleach, and allowed to dry thoroughly. Nets will be thoroughly 
dried. Equipment used on site will not be removed for use elsewhere. 

Question 6. I believe that physical barriers render it impossible for fish to escape through 
either influent or effluent flows. Physical barriers should effectively preclude animal encroachment 
(see also 9c below). Chemical treatment of effluent provides an extra measure of fish confinement. 
Should fish escape, biological control, in the fonn of predation in the barrier pond, should provide 
yet another back-up system. Hence, I expect that no escapees will prove able to leave the 
experimental pond complex. 

S ecial concerns. 

Question 7. Not only a biological banier (predators in barrier pond), but also physical and 
chemical barriers are involved in this risk management system. 

Question 8. Although scale is not a barrier in this project, I offer the following 
information. Channel catfish are known to be gonochorists; i.e., there are two, genetically 
detennined sexes, and reproduction occurs exclusively through union of sperm and egg gametes. 
The only selfing vertebrate is Rivulus marmoratus, an unrelated fish (Nelson, J.S. 1994. Fishes 
of the World, John Wiley and Sons, New York). Although there are some hybridogenetic fishes, 
e.g., Poeciliopsis sp., a male's genetic contribution is necessary for reproduction to go forward 
(Vrijnhoek et al. 1977. Variation and heterozygosity in sexually vs. clonally reproducing 
populations of Poeciliopsis. Evolution 3 1 :767-78 1). 
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~~Q~~ty-

Question 9. 

a. Access to the experimental facility will be restricted to faculty, staff, and graduate 
students who have been instructed and tested on their knowledge ofbiosafety procedures for the 
experiment. Project personnel and authorized visitors to the experimental site will be required to 
log in and log out. 

b. In order to preclude human encroachtnent, a ten-foot fence, topped with barbed wire, 
will encircle the compound, Gates will be locked when project personnel are not present. The 
~xperimental area will be posted and lighted. Staff will patrol the area intermittently durinng the 
day, seven days a week. University police will patrol the area at least twice during the night. 

c. The ponds will be fully enclosed with 1/2 inch mesh, polyethylene bird netting placed 
from the ground up on the outside of the chain link fence and covering the top of the pond unit. A 
1!16 inch wire screen perimeter fence, 18 inches high, also will bc attached to the chain link fence. 
The double fencing aud netting will. restrict access by birds, waterfowl, and other predators such as 
snakes, rodents, and other animals. The levees will be Inowed regularly, and any animals seen in 
the area that may cause damage to the outer perimeter of the dikes will be removed. 

Netting, fences, Ievees, and water levels in the ponds will be formally inspected weekly. 
Filters of mesh size less than 1/4 inch will be inspected and cleaned daily. Those with mesh size 
equal to or greater than 1/4 inch will be inspected and cleaned weekly. A Iog of such inspections 
will be maintained. ln addition, personnel working on the premises daily will promptly report any 
observed deficiency in the barriers. 

Alarms. 

Question 10 

a. Alarms have been installed to announce overflow of any pond unit. 

b. Alarrns, and indeed all emergency equipment, are connected to back-up power. 

c. Alarms will both produce a sound audible at the experixnental site and set off beepers 
wom by one or more project personnel at all thnes. Any project personuel receiving an alarm will 
notify the principal investigator and any other appropriate designated personnel. 

O erational lan. 

Question I l 

a. Prospective project personnel will be screened for sensitivity to the security issues 
involved, and will be trained regarding the importance of maintaining security. 

b. Access to the experimental facility will be restricted as described above under item 9a. 

c. A Iog will be maintained of: (a) numbers offish in each experimental unit, (b) all 
movements of experimental fish, (c) all people entering or leaving the experimental site, and (d) all 
security checks. 

d. An agricultural meteorologist will be designated to inform the principal investigator of 
the prospect of severe weather. Should project personnel on site detenltine that failure of 
confinement is likely, the ponds will be poisoned with a lethal dose of rotenone to kill the 
experimental animals. Appropriate state agencies will be notified promptly of any suspected or 
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known escapes of experimental animals. A sufficient supply of rotenone and potassium 
pennanganate, which can be used to accelerate the decomposition of rotenone, and application 
equipment will be kept on the premises. In the event of suspected or known escapes> any actions 
undertajcen would be carried out in accordance with the advice, and if practical, under the 
supervision of appropriate state authorities. 

Review and ins ection. Our institutional biosafety conunittee: (a) has reviewed and 
approved the proposed project and its risk management measures, and (b) will make both 
announced and unannounced inspections. 

Cutaway view 
(with screen box / drain pipe insert) 

Drein pipe frorn ponds 

Screen box enciosure 
18" above ground 
18" below ground 

4 inches of gravel 

Wrap around layer 
ofAgri-Fabric 

3 l/2 feet ofgrav~i 

5 iperforated pipes 

(4 inch dia.) 

wrapped in A gri -Fabri c 

4 inches of gravel 

Agri-Fabri c 

6 inches of gravei 

Figure I . Schematic drawing of a French drain installed for the effluent of each 
outdoor pond used in transgenic fish experiments. 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 Coopbrative 
State Research Service 1990, as cited in Cooperative State Research Service 
1990a.) 
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