
Region 5 Fisheries Program Comments on FDA approval process for 

Aqua Bounty Technologies, Inc. (ABT)/AquAdvantage GMO salmon 

Issue: FDA has released an EA and briefing packet which state the application for commercial approval 
is limited to raising the AquaAdvantage salmon outside the USA and then importing the processed fish 
for sale as food in the USA. 

The transgenic broodstock would be mated and eggs incubated to eyed stage in a multiple-confinement 
hatchery on Prince Edward Island, Canada. Eyed stage eggs would be shipped to Panama for growout in 
a multiple-confinement high-elevation, undisclosed location next to a river. At 18 months of age, fish 
would be harvested and processed in Panama for shipment to USA for sale. 

The 'multiple-confinement' includes biological confinement (eyed eggs that are all-female triploids), 3-5 
forms of mechanical and physico-chemical confinement, and geographical confinement (if any eyed eggs 
or fry escaped from PEl hatchery, presume fry would end up in surrounding seawater and die there; if 
any grow-out fish escaped the Panama grow-out facility fish would enter the river that has lethal water 
temperatures downstream plus many dams. 

Preferred FWS position: Given all the unknowns and uncertainties regarding the possible 

ecologic and environmental effects of these fish, combined with the awkward situation where 

an agency (FDA) whose jurisdiction is not focused on natural resources is entrusted with the 

authority to approve an act which poses such threat to the country's natural resources, we 

believe it is premature to approve this request for commercial rearing of transgenic salmon. 

Comments related to Regulatory Authority/Oversight. 

"r If the two locations in Canada and Panama are truly the only places these transgenic fish will ever be 
raised, then perhaps the EA Section 7 endangered species consultations by NOAA and USFWS are 
unnecessary or of little importance. However, recent statements by AquaAdvantage indicate if their 
application is approved they intend to sell eyed-eggs to additional confined grow-out operations in 
other locations. It is my understanding that current regulations would not require the FDA to 
publicly release these future EAs before approval. It is also unclear what the USFWS or NOAA roles 
would be if these facilities are in foreign locations. The current EA under review was released 
publicly because it sets a crucial precedent regarding human consumption of a transgenic vertebrate 
(fish). This is why the scientific quality of this first EA sets such a crucial precedent. However, our 
review and those of other scientists found numerous issues with the scientific quality and 
completeness of the EA. If the FDA approves the sale of processed AquaAdvantage salmon in the 
USA and the company plans to submit additional EAs to grow fish at other facilities then the current 
EA is too narrow. The FDA should consider a full EIS that takes into account the full scale at which 
the company intends to sell eyed-eggs over say the next 10 years. 

)v How will the FDA assure, monitor, and verify that mUltiple confinement is continually achieved at 
the two facilities and in future facilities as farming of these fish proliferates? 

@ Failure analysis of triploid induction should quantify the frequency of triploid failure. 

o Do exceptional diploids occur among treated transgenic fish, and if so, are they fertile? 

Page /1 



• Failure analysis of geographical confinement should include data on how 
AquaAdvantage salmon respond to changes in temperature and season. 

Y The Service seems to have no regulatory authority outside of ESA where applicable. 

'y This may be something that would need international regulations or agreements in writing through 
NASCa, etc. to address worldwide trade in these fish. 

y After checking with the Maine Fa, and based on the Army Corps Section 10 permit (of the Rivers and 
Harbors Act) for the aquaculture companies, for existing aquaculture sites, the aquaculture 
companies are not allowed to use transgenic salmon in their net pen sites. For new sites, a new 
permit would need to be developed. 

> Ultimate regulatory authority should be placed with the agencies charged with responsibilities to 
manage wild stocks and their habitats. Once tithe genie is out of the bottle", and into the 
environment, the consequences affect the general public and the common good. Looking at invasive 
species as examples of "genies", none to my knowledge have been recaptured into their respective 
"bottles". 

y Consider escaped Atlantic salmon on the west coast and their impact on endangered and 
threatened Pacific salmonids. These fish are evidently surviving, reproducing, and producing fry and 
parr. We must assume that smolts will result and that the life cycle completed at some point in time. 
Were the present regulations sufficient to prevent this situation? Do we know the ultimate 
ecological consequences? How does this impact the numerous listed aquatic species under the ESA? 

Y In the case of Atlantic salmon, management responsibility is shared between the FWS and NOAA. 
Keys to this argument are the authorities for regulation and management of anadromous fish, and 
the time spent by such fish in either freshwater or saltwater. Regulatory authority must be viewed 
from the "worst-case" scenario, and not partitioned into a variety of regulatory agencies with 
disparate turf, but, ultimately, injury to wild fish populations and their habitats and the associated 
aquatic communities must take priority over economics and development. 

y A cascading regulatory framework, where such activities are reviewed, evaluated, and if approved, 
move to the next level or cascade for review would be optimal. The ultimate or final review would 
lie with the authorities who manage the potentially impacted species. This would promote a "first 
do no harm" strategy to the target species and its habitat. 

'y The current regulatory process is not adequate. Prime examples are NDPES permits with EPA, Corps 
permits regarding placement of aquaculture netpen facilities, and importation/exportation of non
native species or viable gametes, eggs, etc, int%ut of the country. Considering the numerous 
failures of the above and subsequent impacts to wild fish and their habitats should be enough to 
determine that we do not yet deal with evolving genetic issues in a reasoned, rational, and risk
adverse manner. The federal agencies must speak with one voice. Again, a tiered mechanism where 
accountability is ultimately fixed and the final decision point is reached is recommended; that fixed 
point should rest where the ultimate harm may be inflicted upon the public resources. In the case of 
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Atlantic salmon, those public resources are also far beyond just the U.S., but also into Canada, the 
European Union, Russia, and all other NASCa convention countries. 
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Comments related to Environmental/Ecological Impacts . 

.,. Transgenic fish, regardless of where they are, pose a clear and present danger to wild fish 

populations. Given the extremely low populations of wild Atlantic salmon in the Maine DPS, any 

interaction between wild and transgenic salmon must be con~idered a serious threat, which can 

disrupt redds of wild fish, compete with wild fish for available food and habitat, interbreed with wild 

fish, transfer disease and/or parasites, and degrade benthic habitat. The scientific literature is full of 

actions indicating that interactions of wild fish and aquaculture escapees (read transgenic escapees) 

may lead to decreased numbers of wild fish and in the worst scenario, lead to extirpation of the 

remaining stocks in the U.S. 

);> History dictates it is reasonable to assume that fish held in aquaculture facilities, either land- or 

water-based, will escape unless strict quarantine /water treatment/screening/ bioengineering 

modifications are in place and aggressively monitored. And even then, it must be assumed that 

escape will still occur, and protocols must be in place to deal with such a non-native organism 

released into the environment, and its subsequent effect on native species, habitat, and aquatic 

communities. Transgenic fish, whether reproductively viable or sterile, must be maintained only in 

biosecure (zero discharge) land-based facilities ideally positioned outside of any wild fish 

watersheds until appropriate laboratory and field research has been undertaken to ensure that the 

risk of adverse effects on wild fish has been minimized. 

);> ABT appears to have established several physical and biological containment mechanisms to prevent 

the escape of AquAdvantage salmon. However, there is still risk of escapement and we think this 

risk is most prevalent at the PEl facility. If the brood stock from the PEl facility were released either 

accidentally or with malicious intent, we do not feel enough evidence has been provided to 

conclude the risks to natural populations of Atlantic salmon in Canada and the U.S. are negligible. 

Additional experimentation needs to be conducted to verify that any escapees from the PEl facility 

will not be able to tolerate the brackish water in the viCinity of the facility. Also, the lack of 

information on the transport procedures from PEl to Panama is troublesome. It is during this stage 

of the operation that malicious activities could result in these fish being lost from the direct control 

of ABT. 

);> The Panama grow-out facility appears to minimize environmental risks of these fish. If fish were to 

escape the Panama facility, we agree there may be little chance that they would outmigrate from 

the river and survive due to the warm temperatures in that locale. However, additional 

experimentation on these fish is needed to determine the upper incipient lethal temperature limit 

to ensure that these fish could not survive the warmer temperatures in the lower river. Because 

rainbow trout are established in the river at the Panama facility, it is very likely that escaped 

AquAdvantage salmon would survive in this portion of the river and potential effects on native fish 

populations remain. 

" The diplOid GMO salmon that are produced in this process are fertile, and the modified gene is 

passed from one generation to the next. The triploids are supposed to be sterile. The concern is 

twofold: escape by the diplOids or their reproductive products and successful reproduction in the 

wild, and incomplete induction of triploidy allowing reproduction of individuals thought to be non-
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reproductive and therefore potentially kept under less secure conditions which could allow an 

escape event. 

,., Ifthere is an escape event, competition from the GMO salmon would negatively impact the wild 

stocks. Research has shown that aquaculture-raised salmon can outcompete wild salmon, and given 

the already endangered status of the wild stocks, any additional threat is amplified in their impacts. 

References are available. 

y The EA does not give the full information needed to predict environmental effects of 

AquaAdvantage salmon. 

e Different environmental conditions can alter the differences in overall fitness between 
transgenic and non-transgenic fish (e.g., Sundstrom et al 2007). 

" GH transgenesis in AquaAdvantage salmon and other salmon enhances appetite and 
alters behavior. Hence, they are likely to explore novel prey and novel areas 
(Sundstrom et al 2003). 

" Lower fitness of transgenic fish when they first escape does not necessarily translate 
into permanently lower environmental risk (Kapuscinski 2007 and Ahrens and Devlin in 
press) 

The key point here is it could be very misleading to base environmental risk assessment on data for only 
a few traits that do not span the whole life-cycle and are measured under the limited range of 
environmental conditions and time frames. In short, the EA could be overly simplistic concerning 
statements of poor fitness of AquaAdvantage salmon without the scientific evidence required to support 
such a claim. 

y Aside from the potential spread of the GMO growth gene if they escape and successfully reproduce, 
the genetic origin of the broodstock that has been developed is likely genetically distinct from Maine 
salmon. The concern is if escape and reproduction occurs, this could lead to a disruption of the 
locally adapted gene complexes of the endangered populations. In the FDA report-petition, we 
didn't see reference to the origin of the broodstock. 

r Where the EA and briefing document give quantitative data related to environmental risk, they omit 
statistical analyses needed to scientifically verify conclusions. 

" Missing from many tables are: sample size, standard errors, statistical power, or 
description of statistical tests used. 

y The EA and briefing document only compare AquaAdvantage salmon to farmed salmon but 
environmental risk assessment requires also comparing transgenic fish to wild fish in a similar 

ecological niche. 

• Genetic consequences of transgenic fish interbreeding with wild relatives are 
anticipated to be very different from those of domesticated salmon. 

~ The list of adverse effects which could be caused by transgenic fish throughout its lifecycle include: 

@ Escape, with impacts on interbreeding with wild salmon, gene introgression into wild 
salmon stocks, hybridization with brown trout. 
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• Disturbance of habitat or displacement of wild stocks as a result of competition for 
resources, predation, or even cross-mating resulting in population impact. 

o Spread of bacteria, viruses, parasites to wild salmon and other aquatic/estuarine species 

• Introduction of chemicals used to treat fish diseases. 

• Transgenic fish may also exhibit ecological impacts associated with their degree of 
fitness, interaction with other organisms, role in ecological processes, and potential for 
dispersal and persistence. 

'y The FDA document rationalizes weaknesses in the proponent's testing/experimental design, e.g., 
uncertainty, lack of historic records, lack of information. 

• Pg 21- "The primary area of uncertainty is determining the actual rate of adverse 
outcomes in grow-out facilities, as the relatively heavy culling rate that occurred in the 
space-limited broodstock faCility described in these data sets may have influenced the 
apparent rate of abnormalities."; 

• Pg 26 - "According to the information ABT provided to us, ad hoc culling was historically 
effected in association with inventory management activities (i.e., removing excess 
inventory, biomass reduction, separation of fast-growing individuals from slow-growing 
individuals, and brood stock selection) and often no data were collected on fish culled as 
excess inventory, particularly early life stages (i.e., eggs, yolk-sac fry and first-feeding 
fry). Although not specifically described in the report of this study, one would 
reasona bly expect that the culling was done in a manner that selected for improving the 
brood stock, thus retaining the healthiest and fastest growing individuals in the facility. 
We have no reason to believe that ABT's culling practices were inconsistent with the 
approaches used in broodstock operations in the commercial salmon industry; these 
may differ from commercial grow-out facilities"; 

• Pg 42 - "Information on smoltification for triploid GE salmon is currently lacking." 

• Pg 43 notes that "In addition, Stevens et aL (1998) caution that future growers of 
growth enhanced salmon should be prepared to either deliver more water or more 
oxygen in the water per unit of biomass of GE fish compared to that required by non-GE 
salmon." Although more pertinent to Canada and Panama, we note that delivering 
more water may affect ground and surface water availability, as well as water treatment 
facilities. 

;Ii' Pg 121-122 describe the potential for accidental releases of AquAdvantage Salmon due to natural 
disasters, but the briefing package doesn't address the potential for more frequent extreme events 
due to climate change. 

y We would prefer the production of these fish for the entire operation was conducted at the Panama 
facility. This would keep broodstock geographically isolated from natural populations of Atlantic 
salmon, eliminate risks associated with transporting these fish from Canada to Panama, and the 
Panama facility represents a location where the likelihood of establishment of an introduced 
migratory population is highly unlikely in the event fish escape the facility. 

r We are pleased to see that the ABT product label warns "fish must be reared in land-based, highly 
contained systems that prevent their release into the environment" and that the "fish cannot be 
reared in conventional cages or net pens deployed in open bodies of water./I However, if 
AquAdvantage salmon are approved for commercial production, these fish may eventually find their 
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way into commercial net pens either through illegal means or through approving future applications. 
This is a slippery slope and the only real way to be risk adverse is to not approve the current 
application by ABT. 

);- Now that there is a developed product, and if it is approved by the FDA for use, considerations 
about the potential implications to the listed Atlantic salmon stocks in Maine would need to be 
addressed, including the genetic issues, such as threats such as introgression if escapes occurred. 

'y We are concerned about the possible sale and transfer of the eggs to other countries where 
escapement could occur and triploids are not a 100 percent defense. 

Note: Many of these comments also cover the Environmental Assessment (EA) for AquAdvanatage 
salmon dated August 25, 2010. Region 5 personnel have consulted with Dr. Anne Kapuscinski, Professor 
of Sustainable Science, Dartmouth College, NH. We agree with many of Dr. Kapuscinski's comments on 
these documents; many comments come directly from her written comments submitted to FDA as part 
of the public review process. Dr. Kapuscinski is a leader in the field of environmental risk assessment of 
transgenic fish. The USFWS has benefited from her knowledge on this issue by having her as a keynote 
speaker at the Future Challenges Workshop at NCTC - August 10-13, 2004 where she spoke about 
transgenic fish and the need to develop effective ecological risk assessment approaches and regulatory 
processes (http://www.fws.gov/science/FCWorkshopNCTC0804.html). In addition, Dr. Kapuscinski led a 
conference this summer which focused on Genetic Biocontrol of Invasive Fish. FHC Asst. Director Bryan 
Arroyo was a speaker at this conference along with FDA and NOAA administrators to discuss the 
regulatory process involved with approvaf of transgenic fish in the USA 
(http://www.seagrant.umn.edu/ais/biocontrol). Folks assembling any briefing products for Bryan 
Arroyo should review chapters 5 and 6 in Dr. Kapuscinski's 2007 book titled, "Environmental Risk 
Assessment of Genetically Modified Organisms, Vol 3: Methodologies for Transgenic Fish", CABI 
Publishing, UK. 304pp. Craig Martin or Bryan Arroyo should have a copy of this book that was 
distributed at the Genetic Biocontrol of Invasive Fish conference. 

SPECIFIC COMMENTS 
Page 21: " ... escapees from containment would be less capable of surviving." 
There needs to be more information here as to what the decrease in survivorship is. What is the 
mortality rate and exactly how was this evaluated. 

Page 32: 48 fish distributed over four groups does not seem like much of a sample size. How were these 
fish selected from the 400 - 800 candidates (100 - 200 for each group)? 

Page 26: There should be a better description of what these ranks in the Table are. What is slight, 
moderate a nd severe? 

Page 26: Is there any information on the proportion of fish that are culled and how this compares to 
other commercial hatcheries? 

Page 43: Although the critical oxygen concentration may be higher for GE fish, it is likely that in most 
natural aquatic systems DO levels will be greater than the critical oxygen concentration and thus not 
affect survival in natural systems. 
Page 52: What is an acceptable rate of triploid induction? 
Page 57: So is 2% too much risk in the case of escapees? 

Page 58: Don't understand the reasoning why p2 is less than pi? 
2- 5% of the fish may not be sterile. 
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Page 115: It is good to see that ABT has issued this warning statement. However, this does not preclude 
the illegal rearing of these fish in open bodies of water. 
Page 116: What is magic about 3 - 57 Some justification for this number should be presented here. 
Page 120: If rainbow trout persist to any degree, survival of Atlantic salmon in this waterbody is also 
likely. High gradient with abundant rock and boulder substrate would be suitable habitat for juvenile 
salmon. 
Page 123: Not sure about the idea that older fish could not survive the sudden transition from 
freshwater to brackish water. Natural Atlantic salmon often move back and forth from fresh to brackish 
water while on spawning runs and kelts can quickly move into brackish waters following spawning. Not 
convinced that older fish would not survive if they escaped the PEl facility. 
Page 123: Agree that fish would likely not be able to survive migration to the marine environment, but 
this does not preclude establishment within the river near the grow-out facility. This could result in 
competition with native fishes. 
Page 124: Experiments to determine the upper incipient lethal temperature limit are easy to conduct. 
ABT should do these experiments to verify the assumption that the upper incipient lethal temperature 
limit of AquAdvantage salmon is the same as for natural Atlantic salmon. 
Page 124: Food availability must not be too limiting - rainbow trout are persist ing. 
Page 127: Quantitative evaluation of the effectiveness in creating an all-female population needs to be 
done. 
Page 128: But male Atlantic salmon are present in the environment (at least in Canadian waters) should 
AquAdvantage salmon escape the PEl facility. 
Page 128: So according to NASCa the procedures used for AquAdvantage salmon would be OK? 
Page 129: De-smolitification should be empirically tested for older AquAdvantage salmon. 
Page 131: Although populations of Atlantic salmon in PEl and other rivers in North America are 
dependent on hatchery input, there are still some naturally reproducing fish. Escape from the PEl 
facility has the potential to compromise the genetic integrity of remaining natural populations. 
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