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        One year ago, the United States Food and Drug Administration (FDA) proposed approval of the first genetically engi-
neered (GE or transgenic) animal for food production--a salmon engineered to grow much faster than normal using genetic 

material from an ocean pout. Faced with concerns from scientists and the public that these “super” salmon will escape into the 

wild and be the final blow to wild salmon, proponents crafted a scheme that is half Michael Crichton, half Kurt Vonnegut: The 

engineered salmon eggs will begin life in a lab on a frozen Canadian island, then be airlifted to a guarded Panamanian for-

tress, where they will grow in inland tanks. After the fish reach maturity, the company will ship them back to the U.S. and sell 

them in grocery stores, likely without any labeling. 
 
        Unfortunately, this is not a bad science fiction novel. How did we get to this juncture, the brink of this approval? This 
Essay is a snapshot of GE animals through the lens of the first one proposed for commercial approval. Part I discusses 

AquaBounty's “AquAdvantage” GE salmon, with a focus on the environmental risks it poses. Part II looks behind the camera, 

explaining the philosophy that has fostered the emergence of engineered animals for industrial food production. Part III pro-

vides an overview of genetic engineering*76 and transgenic animals. Part IV summarizes health, environmental, and animal 

welfare concerns. Part V explains what the lessons of agricultural biotechnology portend for animal biotechnology. Part VI 

discusses FDA's problematic regulatory pathway. This Essay concludes by returning to underlying principles. 
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I. ENGINEERING THE SALMON 

 
       As we write this, the United States Food and Drug Administration (FDA) is poised to approve the first-ever genetically 
engineered (GE or transgenic) animal for food production. [FN1] Of all species, it will most likely be a salmon, perhaps the 
most heroic of all creatures, which humankind has venerated since time immemorial. Here in the Pacific Northwest, salmon 
were the centerpiece of cultural and spiritual life for thousands of years; the region itself is defined as “wherever the salmon can 
get to.” [FN2] Salmon are rightly revered for their integral roles in our ecosystems, as their sacrificial anadromous journey 
provides vast amounts of marine nutrients to freshwater species, including aquatic invertebrates, other fish, marine mammals, 
birds, and terrestrial mammals. Studies have found that trees like the Sitka spruce alongside salmon rivers grow more than three 
times faster than their counterparts along rivers without salmon. [FN3] Families up and down the West Coast still depend on 
healthy wild fish stocks for their livelihoods. [FN4] Pacific salmon fisheries, particularly in Alaska, represent some of the best 
remaining wild fisheries on earth. [FN5] 
 
        *77 Yet the incalculable worth of the species cannot be measured solely in scientific or monetary terms. Researchers still 
do not fully understand how salmon, after spending their adult lives traversing thousands of ocean miles, find their way home to 
their birth streams to complete their lifecycle. [FN6] A healthy salmon run is one of Nature's most awe-inspiring visions--a river 
teeming and leaping with life, each the Platonic ideal of fish incarnate, the embodiment of resolve. It is with good reason that 
the salmon is perched upon the top of many Totems. 
 
       Unfortunately, the last century's industrialization caused a precipitous decline in salmon populations, and the recent history 
of salmon is a story of empty promises, in which our culture has repeatedly placed other priorities above salmon survival. [FN7] 
Instead, a global industry of salmon aquaculture has risen to dominance in the last few decades, in which producers farm fish in 
crowded net pens on the open ocean. [FN8] 
 
       Like most technological fixes, industrial salmon aquaculture has created its own new adverse impacts, [FN9] including: 
release of untreated wastes and nutrients; [FN10] increased risk of disease and parasite transmission (such as sea lice) from 
farmed fish to wild fish; [FN11] impacts from *78 the use of drugs and chemicals, such as antibiotics, pesticides, fungicides, 
anti-foulants, and hormones; [FN12] overfishing of smaller fish for salmon feed; [FN13] and, finally, impacts from escaped 
fish on wild fish and associated ecosystems. [FN14] Farmed salmon regularly escape from net pens, negatively impacting wild 
salmon stocks by increasing competition for food and breeding sites, and by reducing the fitness of wild fish through inter-
breeding. [FN15] Farmed salmon are also much less nutritious than wild salmon, containing 52% more fat and much higher 
levels of contaminants. [FN16] 
 
       Now, a Massachusetts-based company called AquaBounty Technologies (AquaBounty) [FN17] has developed “AquAd-
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vantage” salmon, which is genetically engineered to produce an insulin-like growth factor hormone (IGF-1) year-round, thus 
reaching full size in significantly *79 less time than conventional farmed salmon. [FN18] The engineered genetic construct 
combines a growth hormone protein from the unrelated Pacific Chinook salmon (Oncorhynchus tshawytscha) with regulatory 
sequences from an antifreeze protein gene derived from an ocean pout (Macrozoarces americanus, also known as an eelpout), 
which AquaBounty inserts into the genome of Atlantic salmon. [FN19] The ocean pout promoter acts like a switch, keeping the 
growth hormone protein from turning off, which allows for continued growth of the fish. The purpose of the GE fish is to 
significantly decrease the time from birth to market and “improv[e] the economics of land-based production.” [FN20] 
 
       In its proposal for FDA approval, AquaBounty stated its initial plan to produce the eggs at Prince Edward Island, Canada, 
transport the eggs to inland facilities in Panama, raise the AquAdvantage salmon to market size, and then harvest and ship the 
fish back to U.S. markets. [FN21] According to AquaBounty, the risk of escape is “extremely small” due to “redundant con-
tainment measures,” the choice of two production sites that are “inhospitable” to salmon survival, and “biological containment” 
through the production of primarily all-female triploid fish. [FN22] 
 
       Despite claims that genetically engineering fish will be fiscally successful, the commercial viability of AquaBounty's plan 
is questionable. Currently, all production-scale salmon aquaculture is done in open-ocean net pen facilities. [FN23] More 
likely, this initial approval would simply crack open the regulatory door, after which AquaBounty could more easily employ 
broader commercialization plans. [FN24] Along these *80 lines, the company has simultaneously announced plans to expand 
its operations in the U.S. and around the world. [FN25] Notwithstanding these announcements from AquaBounty, FDA has 
limited the scope of its risk assessment to only the initial production sites. [FN26] 
 
       The environmental risks of transgenic salmon are both very real and potentially disastrous. [FN27] In 2002, the National 
Academy of Sciences issued a seminal report in which it concluded that GE fish could cause significant environmental and food 
safety problems. [FN28] More recently, a study commissioned by the European Union revealed that GE fish may have a higher 
tolerance for environmental stressors, enabling them to survive in ecosystems in which they were previously unable to colonize. 
[FN29] Scientists with the U.S. Fish and Wildlife Service (FWS) (which, unlike FDA, has expertise in fish biology and 
ecology) [FN30] found FDA's risk assessment “overly simplistic,” failing to “adequately capture the actual risk of environ-
mental damages” to wild salmon in the event of escape. [FN31] FWS warned “history dictates that fish held in aquaculture 
facilities, either land- or water-based, escape.” [FN32] 
 
       When GE salmon do escape, studies have shown that they may out-compete wild salmon for resources, especially when 
food is scarce. [FN33] Additionally, transgenic salmon's over-production of IGF-1 *81 leads to behavioral changes, such as 
increased aggressiveness [FN34] and altered breeding and migration patterns. [FN35] These traits ultimately make GE salmon 
less viable in the wild, although not necessarily less successful at breeding. [FN36] 
 
       Worse, these changes together may create what biologists have dubbed the “Trojan gene” effect, reminiscent of Homer's 
Trojan Horse: [FN37] the introduction of transgenic fish with enhanced mating success but reduced adult viability into a wild 
population may result in a rapid decline of the wild population. [FN38] The mating advantage of the larger GE fish spreads the 
Trojan gene throughout the wild population, until each successive generation suffers from reduced viability rates, eating away 
at the size of the salmon population as a whole. [FN39] It is survival of the “unfittest”: larger, engineered salmon are more 
attractive to mates during reproduction, but because of unexpected physiological havoc caused by the new genes, their off-
spring die more often. One study concluded that the release of only sixty of these genetically engineered salmon into the en-
vironment could result in the extinction of 60,000 native salmon in less than forty salmon generations. [FN40] 
 
       Once engineered organisms escape or are released into the environment, it is impossible to recall or eliminate them. Unlike 
chemical pollution, transgenic contamination is a living pollution that can propagate itself over space and time via gene flow. 
As one federal court *82 found in the context of transgenic plants, “[o]nce the gene transmission occurs and a farmer's seed crop 
is contaminated with the [engineered] gene, there is no way for the farmer to remove the gene from the crop or control its further 
spread.” [FN41] The altered salmon, once in rivers or the ocean, will reproduce, mutate, and disseminate. Their polluting power 
will continue, and may even increase, over time. 
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       This type of contamination is cropping up more and more with GE plants. In the summer of 2010, two scientists from the 
University of Arkansas sampled feral canola plants growing along the roadside in North Dakota. They found that 80% of the 
plants they tested turned out to be genetically engineered, illustrating widespread gene flow from cultivated GE canola fields 
and the establishment of these GE plants in the wild. [FN42] Similarly, in November of 2010, farmers in Oregon discovered 
that wild populations of an experimental engineered grass, developed by Scotts Company and Monsanto, had escaped an old 
test site, thriving in the wild undiscovered for many years. [FN43] Public interest organizations challenged the legality of the 
field trials, arguing that the U.S. Department of Agriculture (USDA) had failed to comply with the National Environmental 
Policy Act (NEPA) in approving them. [FN44] During that litigation, Environmental Protection Agency (EPA) scientists found 
that the GE grass had escaped the trial, cross-pollinated with wild varieties, and contaminated a protected national grassland 
over twelve miles away. [FN45] USDA fined Scotts $500,000 [FN46] in 2007 and presumed the issue resolved, until the 
discovery over five years later of new populations again growing in the wild. [FN47] USDA did not announce this news; 
instead, it came to light during the cross-examination*83 of a USDA official in other GE crop litigation in late 2010. [FN48] In 
2010, FWS concluded that this GE plant's commercialization would likely cause the extinction of two endangered plants in 
Oregon by spreading the GE herbicide resistance to wild relatives, which would then take over the species' critical habitat and 
be impossible to eradicate. [FN49] 
 
       FDA hearings on AquAdvantage salmon in September of 2010 also considered concerns about food safety. [FN50] Finally, 
FDA is simultaneously debating whether it will require any labeling if it approves the transgenic fish. The agency has indicated 
that it plans to carry over its GE plant foods labeling policy, under which there is no requirement that GE foods be labeled 
unless the FDA finds their change to be “material.” [FN51] 
 

II. THE TECHNOLOGICAL DILEMMA 
 

        We are most likely stuck with factory farms, given that they produce most of the beef and pork Americans consume. 
But it is still possible to reduce the animals' discomfort--through neuroscience. Recent advances suggest it may soon be 
possible to genetically engineer livestock so that they suffer much less. [FN52] 

       How did we get to the point of engineering salmon? We live in what philosopher Jacques Ellul called the age of tech-
nology, [FN53] an age in which self-interest, greater productivity, greater consumption, the laws of supply and demand, and the 
commoditization of the world are the main drivers of technological innovation. Unfortunately, the current dominant economic 
systems and their intertwined technological systems are not only at odds with the ecological cycles of the natural world, but are 
also actively, rapidly, and severely harming the planet. We are exponentially reducing the earth's capacities in every natural 
realm--land, air, water, and everything in between--through ozone *84 depletion, water depletion, species extinction, defor-
estation, and desertification. By commodifying nature to match our own systems, we are threatening the existence of most 
ecosystems, and consequently our own species' survival. Anthropogenic climate change illustrates this conclusion well: Our 
industrial technologies have created the first man-made global environmental crisis in history. Thus the technological dilem-
ma--the “developed” portion of the world's population has become dependent on the current technological environment. Yet the 
same technologies that support life for the richest part of the human population are threatening the planet's very ability to 
support life for much of its population, human and non-human alike. 
 
       These are not new revelations. Forty years ago, writers and leaders began urging that we institute appropriate technologies 
in sync with the cycles of nature, rather than the industrial technological systems causing planetary and human peril. [FN54] 
Attorneys and policymakers succeeded in passing and utilizing laws, such as the Endangered Species Act (ESA), to limit the 
impacts of industrial systems. Scientists began to develop more holistic visions of their vocations. This holistic approach is a 
step toward addressing development within the context of, rather than at the expense of, our environment. 
 
       Others, too, have come to the conclusion that our current technology is not compatible with the natural world. They have 
foreseen the growing conflict between globalization, mass consumption, and the laws of nature. However, their solution to the 
dilemma is very different. Rather than change our technological systems to better comport with the needs of living things, 
corporations and governments began to change life so that it fits technology. In these actors' solutions, which ignore the con-
straints of the natural world, living systems are to be remade and engineered at the genetic and molecular level to further the 
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necessities of the technological age. Thus, they see genetic engineering as the tool by which we can alter life at the genetic level 
to better fit industrial production systems and become a technological commodity. Cloning is seen as the tool by which we can 
emulate the factory model of identical production for life forms. Rather than redesigning industrial agriculture to fit the animal's 
natural behavior, we are redesigning the animal to fit industrial agriculture. Because patent control spurs production, we must 
now patent genes and cells from plants, animals, and humans. Nanotechnology is a means by which we can control and ma-
nipulate matter at the atomic and molecular level to enhance industrial processes. And most recently, synthetic biology permits 
us to combine several of these tools to create and design entirely new life forms to perform industrial tasks. 
 

*85 III. OVERVIEW OF GENETIC ENGINEERING AND TRANSGENIC ANIMALS 
 
       Scientists commonly define biotechnology as a set of techniques that alter living organisms for the benefit of humans, 
[FN55] while genetic engineering refers to modern biotechnological processes that allow scientists to modify or manipulate 
genetic material to introduce new traits or characteristics into an organism. [FN56] Genetic engineering is fundamentally 
different from conventional or traditional breeding. The latter process involves identifying similar, related species with useful 
traits and crossing or breeding these species to produce offspring with the desired characteristics of both parents. Genetic 
engineering, on the other hand, cannot occur naturally. It uses recombinant DNA (rDNA) techniques to create pieces of one 
organism's DNA and then to insert these DNA pieces into another organism. [FN57] The process allows scientists to combine 
genetic material from vastly dissimilar and unrelated organisms--bacteria genes with animal genes, fish genes with tomato 
genes, or, in the case of the AquaBounty, a salmon and an ocean pout--producing unique combinations of genetic material and 
traits beyond the genetic potential of any traditionally bred organism. [FN58] 
 
       Animal biotechnology experimentation produced the first transgenic mice in 1974 by inserting foreign DNA into ear-
ly-stage mouse embryos. [FN59] Subsequent experiments proved that the inserted DNA passed down to the animals' progeny. 
[FN60] Unlike agricultural biotechnology, the overwhelming majority of GE animals produced today are still experimental 
mice and rats. [FN61] 
 
       There are six classes of GE animals currently in development. Proponents claim these animals are capable of producing a 
variety of new traits that will revolutionize animal agriculture by: (1) improving animal health (e.g., disease resistance); (2) 
enhancing production through altered food quality traits (e.g., faster growing fish); (3) creating pharmaceuticals (e.g., animals 
that produce pharmaceutical products for transplantation, commonly known as “biopharm” animals); (4) enriching or en-
hancing animal interactions with humans (e.g., hypoallergenic*86 pets); (5) developing animal models for human disease (e.g., 
pigs as models for cardiovascular disease); and (6) producing consumer products (e.g., fibers for multiple uses). [FN62] 
 
       The largest investments in transgenic animals thus far are from pharmaceutical companies interested in producing en-
zymes, clotting factors, and other bioactive proteins in milk. [FN63] In 2008, FDA approved ATryn, a transgenically produced 
anticoagulant derived from the milk of GE goats used for the prevention of blood clots in patients with a rare disease known as 
hereditary antithrombin (AT) deficiency. [FN64] The ATryn goat remains the only GE animal approved in the U.S. to produce 
a drug. [FN65] 
 
       The only GE animal currently on the U.S. commercial market is the luminescent “GloFish,” a novelty fish for the home 
aquarium. The GloFish first came to market in 2004, [FN66] five years before FDA established the regulatory pathway for 
transgenic animals discussed infra. Public interest organizations challenged FDA's decision, but the court held that the agency 
had acted within its discretion in declining to assess or regulate the fish. [FN67] 
 
       Although FDA has yet to approve a single GE animal for human consumption, several are in development in addition to the 
AquAdvantage salmon. For example, the so-called “EnviroPig” is genetically engineered to produce less phosphorus in its 
manure and thus purportedly reduces the environmental impact of commercial pig *87 production. [FN68] Other pigs are being 
engineered to contain more Omega-3 fatty acids in their meat, thereby theoretically increasing the health benefits of eating 
pork. [FN69] Cows are being genetically engineered to be disease resistant to mastitis, a painful udder infection, and to bovine 
spongiform encephalopathy, commonly known as mad cow disease. [FN70] Researchers have experimented with engineering 
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turkey hens-- which are often unable to brood over their eggs in factory farm battery cages-- to “silence” their “mothering gene” 
and thus remove that instinct. [FN71] In addition to salmon, researchers are also developing several other fish with various 
growth-enhancement and disease-resistance traits. [FN72] 
 

IV. THE HEALTH, ENVIRONMENTAL, AND ANIMAL WELFARE IMPACTS OF TRANSGENIC ANIMALS 
 
       Juxtaposed against the promised future benefits of transgenic animals are abundant risks associated with their production. 
First, as a general matter, genetic engineering is unpredictable, often creating unintended effects. The gene product may not be 
appropriately expressed; the engineering can have undesired effects on the animal; or the vector used for gene transfer can 
escape and unintentionally enter the gene sequence of another organism. [FN73] Of significant concern is the possibility of 
pathogenic viruses, which might be generated by combining the vector used to introduce a transgene with related but non-
pathogenic viruses that might already be present in an animal. [FN74] 
 
       The human health risks posed by the introduction of GE animals into commerce are also largely unknown. GE “biopharm” 
animals producing pharmaceuticals or other medical and non-medical products could accidently enter the food chain, exposing 
other animals and humans to the transgenes they carry. [FN75] Engineering with antibiotic-resistant “markers” (intended to 
help producers confirm that new genetic material has been transferred to the host), which may then enter the food supply, could 
make antibiotics less effective in fighting disease. [FN76] Further, proteins present in food can exert effects beyond nutri-
tion,*88 including allergenicity, bioactivity, and toxicity. [FN77] The expression of new proteins in GE animals can cause 
unknown allergic reactions and immune responses in sensitive subjects. Changes in the nutritional values of foods--increased 
fatty acids or decreased cholesterol-- can modify nutritional quality. Unlabeled, these various changes are unknown to con-
sumers, who may be sensitive to certain foods, have medical conditions, or have other reasons to avoid certain traits. [FN78] 
 
       The National Research Council (NRC) considers environmental impacts to be the greatest potential concern associated 
with animal biotechnology, due to the uncertainty in identifying environmental problems and the difficulty remediating iden-
tified problems. [FN79] As discussed supra in the context of GE salmon, transgenic animals may escape into the natural en-
vironment, breed with a wild population, spread the transgene throughout the wild population, and harm the balance of an 
ecosystem. [FN80] A more “fit” population of GE animals could eventually replace a wild or natural population. [FN81] 
Similarly, GE animals could displace or crowd out local populations, disturbing the natural environment by, among other 
things, disrupting the survival of predatory species and subsequently increasing prey populations. [FN82] In this way, the harm 
most resembles that of invasive species. 
 
       The practice of engineering animals raises a host of animal welfare concerns as well. Animals engineered to possess traits 
beyond their natural genetic potential may experience numerous deleterious injuries, side effects, diseases, and abnormalities. 
[FN83] Genetic engineering is a volatile process and can result in unintended effects to the modified animal. The complications 
are often unpredictable and can vary depending on where and how the transgene is inserted or expressed and the host animal's 
genetic background. [FN84] First, the microinjection of DNA can lead to the integration of that foreign DNA within or close to 
an endogenous gene, resulting in an insertional mutation. [FN85] Some researchers estimate that 7% to 20% of engineered mice 
suffer from these mutations. [FN86] 
 
       Further, many GE animal models “fail in one or more of the conditions conferring proper transgene expression.” [FN87] In 
one example, *89 transgenes containing milk protein promoter sequences and designed to express in the mammary gland 
instead exhibited expression in inappropriate tissues, including the brain, heart, spleen, kidney, and salivary gland. [FN88] In 
another example, GE pigs and sheep engineered to harbor biologically active growth-promoting factors suffered from “a range 
of serious, often lethal, pathological conditions.” [FN89] Finally, in vitro reproductive biotechnologies can result in additional 
side effects, such as the Large Offspring Syndrome. [FN90] When experiments do not result in a marketable product, the 
project may be abandoned, and any testing was done in vain. [FN91] 
 
       Researchers use some engineered animals as disease models, designed to “successfully” manifest diseases, meaning that 
the animals develop conditions similar to those seen in humans. [FN92] Conditions such as Alzheimer's disease, amyotrophic 
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lateral sclerosis, and Parkinson's disease are subjects of intense research efforts. [FN93] 
 
       Finally, choosing to engineer animals to better fit industrial food production has broader ramifications: it simply further 
ingrains the dominant industrial agriculture (and aquaculture) production paradigm, continuing its other concomitant harmful 
impacts. [FN94] Engineering chickens to reduce the pain caused by life in factory farm cages is a “techno-fix” band-aid that 
treats one symptom but avoids curing the illness: our unsustainable system. 
 

*90 V. SEPARATING HYPE AND MYTH FROM REALITY 
 

        What's past is prologue. [FN95] 
       It is always a challenge with new technologies to separate hype from reality. But there is good reason to be dubious that 
animal biotechnology will do any more than further entrench industrial agriculture's unsustainable paradigm. We need not look 
any further than its closest parallel, transgenic crops. 
 
       Despite a quarter century of boundless hype and promises and fifteen years of commercialization, agricultural biotech-
nology has failed to make any progress toward reducing world hunger, ameliorating global malnutrition, combating global 
warming, or creating miracle drugs through GE plant “biofactories.” Instead, biotechnology firms have delivered a handful of 
GE commodity crops that either produce pesticides or withstand direct application of herbicides. Approximately 62% of global 
biotech crop acreage is herbicide-resistant, which lends crops the ability to survive direct, repeated, and indiscriminate dousing 
of a broad-spectrum herbicide to kill nearby weeds. [FN96] Monsanto Company, now the world's largest seed company, 
[FN97] has used genetic engineering primarily to create patented “Roundup Ready” crops for use in tandem with its Roundup 
herbicide. [FN98] In the U.S., the vast majority of soybeans, corn, and cotton are now glyphosate-resistant, with glyphosate 
being the active ingredient in Monsanto's Roundup. [FN99] Roundup is now sold by other companies under its generic name. 
[FN100] This broad availability has made glyphosate the most heavily used chemical pesticide in history, with 180 to 185 
million pounds applied in U.S. agriculture in 2007 alone. [FN101] As a consequence, transgenic crop adoption increased the 
overall pesticide usage in the U.S. by 318.4 million pounds from 1996 to 2008. [FN102] 
 
        *91 Although the industry claims that these herbicide-resistant crops increase yields, the only independent study of their 
results (by the Union of Concerned Scientists) concluded that they have not--while at the same time, successes in traditional 
breeding have increased yields. [FN103] To date, not a single GE crop has been approved by USDA for climate-ready traits 
claimed by the industry. Currently, there are no commercially approved GE crops with higher yield potential, nutritional en-
hancement, or drought or salt tolerance. [FN104] 
 
       Weighed against these disproven “benefits” is growing evidence that these crops carry with them significant adverse 
environmental and intertwined socioeconomic impacts. One is the dramatic cumulative increase in pesticidal loads into our 
environment noted supra. Another is that “Roundup Ready” crops have fostered an ongoing epidemic of glyphosate-resistant 
“superweeds” now regarded by agronomists as one of the most serious challenges facing American agriculture. [FN105] The 
superweeds evolve when farmers grow “Roundup Ready” crops year after year; like bacteria exposed to antibiotics, some 
weeds naturally resistant to glyphosate survive exposure and then reproduce and flourish. Since the year 2000, glypho-
sate-resistant weeds have evolved in an epidemic manner, [FN106] infesting over 11 million acres of cropland. [FN107] These 
superweeds cause farmers to use more Roundup, more toxic herbicide cocktails, more soil-eroding tillage operations to 
physically remove weeds, and massive deployment of weeding crews to manually remove weeds--all of which can dramatically 
increase weed-control costs. [FN108] This has set the stage for rapid adoption of the next generation of transgenic crops, which 
are engineered for resistance to older, more toxic herbicides like 2,4-D, dicamba, and imidazolinones, often in combination. 
[FN109] As yet another example of the dominant cultural mindset discussed above, these multiple herbicide-resistant, *92 
“stacked” crops are the pesticide/biotech industry's “solution” to glyphosate-resistant weeds--even though they will in turn 
foster multiple herbicide-resistant weeds and a toxic spiral of increased herbicide use in response. [FN110] 
 
       GE crops have also caused widespread transgenic contamination--gene flow from GE crops to related conventional or 
organic cultivars or wild species. [FN111] In the crop context, contamination is a multifaceted harm that causes significant and 
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widespread economic harm, [FN112] a fundamental loss of choice for farmers and consumers, [FN113] and irreparable con-
tamination of wild species. [FN114] Notably, FDA's and AquaBounty's hollow assurances-- that the transgenic plantings would 
be “confined” and never escape--are typical of many crop contamination incidents. For example, in many of the crop con-
tamination incidents*93 the regulating agency and industry had similarly claimed the transgenic plantings were “confined” and 
would never escape. [FN115] 
 
       Finally, the greatest myth of all is that we need to engineer our food in order to “feed the world.” [FN116] Even setting 
aside that the science shows that GE crops do not increase yields, [FN117] this rationale fundamentally misconceives the 
problem. As the United Nations General Comment on the Right to Food concluded: “The roots of the problem of hunger and 
malnutrition are not lack of food but lack of access to available food . . . .” [FN118] Hunger today results from institutional, not 
biological constraints. Rather than further consolidating and entrenching control of our food supply through patents, engi-
neering, and contracts, food availability and accessibility begin with equitable and fair access to land and vital natural re-
sources. The path toward reducing hunger includes economic reforms, redistribution of land to the landless, and sustainable and 
affordable farm inputs and practices. Growing food to feed local communities is a more reliable, stable food system than re-
lying on global markets and import/export models. 
 
       AquaBounty's parroting of this general myth in support of its engineered salmon fares no better. [FN119] Simply put, 
AquaBounty's fast-growing salmon will exacerbate the unsustainability of salmon aquaculture, not solve it. Carnivorous 
farmed fish, like salmon, must be fed wild fish as feed. [FN120] In 2006, the aquaculture sector alone consumed approximately 
57% of total global fishmeal production, 87% of total global fish oil production, and 55% of total other nonfood small pelagic 
forage fish. [FN121] People, particularly in food insecure areas, depend on these prey fish (like anchovies, herring, and sar-
dines) as a rich source of nutrients and a primary protein source, as well as a means of *94 employment. [FN122] Prey fish 
make up over 25% of the total animal protein supply for approximately 1 billion people in fifty-eight countries. [FN123] Ex-
porting these local prey fish from their traditional fisheries into far-off industrial aquaculture facilities in “developed” countries 
is a bad trade-off for the world's hungry. [FN124] Genetically engineered salmon that grow year-round in order to be brought to 
market in less time will require even more prey fish inputs, decreasing the availability of small fish as a dietary staple to people 
around the world. Further, degradation of aquatic ecosystems and wild stocks from escapees [FN125] also will counteract any 
food increase from faster salmon farming. 
 

VI. FLAWED OVERSIGHT: TRANSGENIC ANIMALS AS ANIMAL DRUGS 
 
       In the U.S. there is no single overarching law or federal agency that oversees biotechnology. Rather, the U.S. government 
oversees its products using a “mosaic” of pre-existing laws, implemented by several agencies, known as the Coordinated 
Framework for the Regulation of Biotechnology (Framework). [FN126] Rather than advocating for new legislation to meet the 
novel challenges of biotechnology, the Framework concluded that existing laws and processes would suffice to evaluate bio-
technology products. [FN127] As a result, various federal agencies divide regulatory responsibility based on each agency's 
historical role under pre-existing statutes. [FN128] Thus, FDA, EPA, and USDA share responsibility for regulating products of 
biotechnology: FDA oversees food safety issues; EPA oversees transgenic microbes and crops which are engineered with a 
pesticidal substance; and USDA regulates all other transgenic plants, overseeing experimental field trials and commercializa-
tion. [FN129] 
 
       The Framework policy called for these agencies to stretch the boundaries of their various existing statutes by using existing 
definitions and authorities to promulgate agency regulations and to oversee *95 transgenic products. [FN130] Thus, transgenic 
ingredients are intended to be classified as “food additives” by FDA. [FN131] Transgenic plants were to be regulated by USDA 
as “plant pests” under the former Plant Pest Act. [FN132] Transgenic plants engineered with pesticidal-proteins were to be 
regulated under Federal Insecticide, Fungicide, and Rodenticide Act as “pesticides” by EPA, based on that term's broad defi-
nition. [FN133] Transgenic microorganisms would be classified as “toxic chemicals” under the Toxic Substances Control Act. 
[FN134] Transgenic animals are regulated by FDA as “new animal drugs.” [FN135] This overarching policy decision has 
caused numerous structural barriers to adequate oversight, and there is a rich academic history analyzing and critiquing the 
Framework. [FN136] 
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       FDA oversees transgenic foods by applying its authority under the Federal Food, Drug, and Cosmetics Act (FFDCA), 
although there are *96 no specific regulations and the agency's oversight is limited at best. [FN137] Transgenic ingredients are 
classified as food additives, and, as such, seemingly should have to undergo extensive pre-market safety testing, including 
long-term animal studies. [FN138] However, in 1992 FDA issued a policy statement on transgenic foods, [FN139] determining 
that they are presumptively “generally recognized as safe” (GRAS), an exemption from the food additive requirements. The 
manufacturer, not FDA, determines whether a transgenic ingredient is GRAS; any consultation with FDA on that decision is 
voluntary. [FN140] Accordingly, FDA does not “approve” transgenic foods, nor undertake any independent analysis of their 
safety. [FN141] Instead, FDA has a voluntary consultation with industry on the industry's GRAS determination: it reviews 
summaries of the data the industry chooses to present, [FN142] which results in the agency issuing a “no questions” letter 
conveying the developer's assurances. [FN143] A court upheld this 1992 policy in spite of a legal challenge from public interest 
organizations. [FN144] 
 
       FDA also has authority over transgenic animals pursuant to its statutory authority to regulate new animal drugs under 
FFDCA; [FN145] in 2009, FDA issued a guidance explaining how the agency intended to apply that authority to GE animals. 
[FN146] FFDCA defines the term “drug” as including, among other things, “articles (other than food) intended *97 to affect the 
structure or any function of the body of man or other animals . . . .” [FN147] “New animal drug” in turn means any drug that has 
not been used to a material extent or for a material time and is not recognized by “experts qualified by scientific training and 
experience” as safe and effective for use under the conditions prescribed, but which is intended for use in animals. [FN148] 
FDA has interpreted these definitions to encompass the rDNA construct in a GE animal, which by design affects the structure or 
function of the body of the GE animal in order to bring those animals, including the AquaBounty GE salmon, within the 
agency's regulatory purview. [FN149] FFDCA's New Animal Drug Application (NADA) provisions evaluate animal drugs 
based on three criteria: animal safety, drug effectiveness, and human safety. [FN150] FDA examines animal drugs, and thus GE 
animals, under these criteria. As described in the guidance, FDA examines: the safety of the transgenic construct for the animal; 
safety of the food from the animal; environmental impact; and the extent to which the producers of GE animals have met the 
claims made for those GE animals (i.e., the “effectiveness” of the “drug”). [FN151] 
 
       This oversight mechanism is at best problematic, for a number of reasons. Importantly, FDA's application of animal drug 
provisions to transgenic food animals is an unprecedented interpretation (and perhaps an improper extension) of the agency's 
authority under FFDCA. Transgenic animals are very different from veterinary animal drugs, presenting new difficulties in 
assessment and oversight. Such forcing of transgenic square pegs into pre-existing statutory round holes is an endemic problem 
of U.S. oversight under the Framework. [FN152] 
 
       A GE animal applicant must submit evidence establishing only that its new animal drug is both safe and effective for the 
intended use, [FN153] with “safe” referring only to “the health of man or animal.” [FN154] Hence, environmental risks re-
sulting from the production, transport, and use of GE food animals like the AquAdvantage salmon are nowhere contemplated 
under FDA's statutory process. FDA's review is inadequate to comprehensively address issues of food and environmental safety 
because the agency's primary objective and scope is only to *98 assess whether an applicant has a legitimate “claim” for safe 
and effective use (e.g., whether AquAdvantage's genetic engineering will generate faster-growing fish). [FN155] Although 
FDA has stated that it will include environmental impacts in its assessments, the statute and regulations neither require con-
sideration of such factors nor set forth any minimum requirements for safety. Moreover, the scope of FDA's authority under the 
NADA risk assessment as applied to GE animals is unclear: The “drug” may be limited to the rDNA construct or may include 
the entire GE animal. If limited to the former, indirect and cumulative impacts on the environment from the animal (as opposed 
to the impacts on the animal from the construct) might escape regulatory review. 
 
       The lack of any requirement to consider broader environmental impacts raises another question: Even if FDA were re-
quired to analyze these impacts, should that agency be the one doing it? FDA regulates food and drug safety and efficacy, and it 
is this authority that it applies under the Framework to oversee transgenic food safety. However, in the case of GE food animals 
like AquAdvantage salmon, other agencies would seem a much better fit. EPA and USDA regulate transgenic organisms' 
potential impacts beyond food safety, including their environmental impacts. And FWS and the National Marine Fisheries 
Service are the experts in fisheries issues more broadly. [FN156] Tellingly, the expert panel that FDA convened during its 2010 
September hearings on the AquAdvantage salmon included only one fisheries biologist (who called on the agency to consult 
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with other agencies and to prepare a full Environmental Impact Statement under NEPA). [FN157] Despite this glaring mis-
match, it is unclear whether FDA will consult with the expert agencies during its GE-animal approval process. 
 
       Yet another weakness is a severe lack of transparency and meaningful, timely public participation, as noted by NRC. 
[FN158] Because FDA's review is a drug approval process, the FFDCA mandates strict confidentiality; the agency may not 
even acknowledge which NADAs are currently pending, let alone allow for public participation early in the process. [FN159] 
The 2009 FDA guidance promises but does not require “public advisory meetings.” [FN160] Very likely, the public will have 
neither *99 adequate notice of the commercialization of GE animals nor an opportunity to comment. 
 
       In the context of NEPA, new-animal-drug applicants must submit an Environmental Assessment (EA) as part of their 
application. [FN161] However, NADA regulations suggests that FDA make the EA available for public review before final 
action is taken only for a “limited number of actions,” such as when the proposed action is one “without precedent.” [FN162] 
Similarly, the regulations state that a completed EIS “will become available only at the time of the approval of the product.” 
[FN163] Presumably FDA concluded the AquaBounty EA was “without precedent” because the agency disclosed it before its 
final decision. [FN164] But there is no guarantee that the agency will disclose the next GE animal even a day before final 
approval. [FN165] By that time, it may be too late to prevent irreparable harm, let alone to raise concerns about potential im-
pacts before a final decision. 
 
       Timing is a touchstone of NEPA. [FN166] The statute's procedural purpose--to require consideration of impacts and al-
ternatives prior to agency action--is completely dependent upon timely compliance. Another fundamental purpose of NEPA is 
public scrutiny of agencies' proposed decisions that may significantly impact the environment. [FN167] The “broad dissemi-
nation of information mandated by NEPA” is intended to allow “the public and other government agencies to react to the effect 
of the proposed action at a meaningful time.” [FN168] Belated and constricted disclosure of FDA's review fundamentally 
undermines NEPA. 
 
       Finally, although AquaBounty's application is limited to their current small facilities in Canada and Panama, the company 
has publicly stated its plans to expand to new sites in the U.S. and throughout the world. [FN169] FDA should analyze and 
consider these potential impacts in its initial approval, because once approval is granted, the agency's subsequent*100 review is 
limited and ill-suited to review the production of transgenic animals. The holder of an approved drug application has discretion 
to self-determine whether a supplemental FDA approval of an animal drug is necessary before effecting certain changes in its 
“drug, production process, quality controls, equipment, or facilities.” [FN170] Pre-approval is necessary only if the change has 
“substantial potential to have an adverse effect on the identity, strength, quality, purity, or potency of the drug as these factors 
may relate to the safety or effectiveness of the drug.” [FN171] Because these provisions do not include consideration of adverse 
environmental effects, a transgenic-animal applicant like AquaBounty could argue that FDA approval is not needed for major 
changes to its facilities, containment measures, or production locations-- despite the fact that such changes could pose signif-
icant new environmental risks. 
 
       The markedly different approach taken by other governments shows that it is possible for oversight of transgenic animals 
to be cautious, comprehensive, and specifically designed to apply to GE organisms. For example, the European Union (EU) has 
but one directive that specifically applies to all genetically modified organisms; the Directive recognizes that the “protection of 
human health and the environment requires due attention be given to controlling risks from the deliberate release into the 
environment of genetically modified organisms.” [FN172] Because human health and the environment are potentially at risk, 
the EU takes a precautionary approach to avoid adverse effects from releasing and marketing any GE organism. [FN173] The 
Directive also requires public consultation on all proposed releases, with reasonable notice and opportunity for public com-
ment. [FN174] These provisions increase transparency and allow all stakeholders, including members of the public, a chance to 
raise informed concerns before any approval. Moreover, considering effects on animal welfare, ethical concerns, and envi-
ronmental impacts are all part of the assessment process. [FN175] 
 
       Finally, many governments require the labeling of GE foods for human consumption. For example, in 2004, the EU en-
acted regulations mandating labeling for all food products making direct use of genetically modified organisms at any point in 
their production. [FN176] Australia and New Zealand jointly require labeling for GE foods with *101 novel DNA or novel 
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proteins present in the final food, [FN177] as do Thailand, [FN178] Taiwan, [FN179] South Korea, [FN180] and Russia under 
certain circumstances. [FN181] Brazil requires that all GE foods display an easily understood symbol: a yellow triangle with a 
“T” for transgenic. [FN182] 
 

VII. STOPPING THE BLEEDING, SHIFTING THE CONSCIOUSNESS 
 

        Our knowledge and control of the environment is not absolute knowledge or absolute control. It is a cooperative 
understanding and response to forces that will bring about a proper unfolding of the earth process if we do not ourselves 
obstruct or distort these forces that seek their proper expression. I suggest that this is the ultimate lesson in physics, bi-
ology and all the sciences, as it is the ultimate wisdom of tribal peoples and the fundamental teaching of the great civi-
lizations. If this has been obscured by the adolescent aspect of our earlier scientific and technological development, it is 
now becoming clear to us on an extensive scale. If responded to properly with our new knowledge and new competen-
cies, these forces will find their integral expression in the spontaneities of the new ecological age. To assist in bringing 
this about is the present task of the human community. [FN183] 

       The proposed approval of transgenic salmon has created substantial controversy in the U.S. and worldwide. [FN184] In 
June 2011, the U.S. House of Representatives, led by a bipartisan alliance of Representatives*102 from key salmon states, 
passed an amendment to FDA's appropriations bill that would prevent any funds from being used for GE salmon's approval. 
[FN185] However, if and when FDA does approve the transgenic salmon--without, at a minimum, first complying with en-
vironmental laws such as NEPA and the ESA, adjusting its regulatory framework under FFDCA to better assess and regulate 
the specific risks of transgenic animals and to allow for more transparency, and to require labeling--Center for Food Safety 
(CFS) and several other environmental, fisheries, and consumer public interest organizations have vowed to file suit chal-
lenging the decision. Further, on September 28, 2011, CFS filed a petition with FDA arguing that it must require labeling for all 
transgenic foods, including GE salmon, if approved. [FN186] 
 
       We have a saying at CFS: our work is to both “stop the bleeding and shift the consciousness.” Most of our days are taken up 
with the former. Concrete actions such as administrative petitions, litigation, and state and local legislation are components. But 
these actions will not be sufficient in and of themselves. Fostering a shift in consciousness requires recognizing and addressing 
the underlying philosophy that drives and controls technological innovation. An order of magnitude in change is required, a 
paradigm shift to a system of governance and life that is based on coexistence with and benefit to natural systems. Human 
technologies should function within an integral relationship with earth technologies, not in a despotic manner. As Thomas 
Berry explains in The Dream of the Earth, we must move from the technological age to the ecological age. [FN187] This 
requires treating ourselves and the natural world as part of an interconnected web; to stop thinking in straight lines and start 
thinking, like the salmon, in circles. Without question, this is an idealized vision, but still considerably less naïve than the world 
vision that claims we can sustain our current industrial food system. 
 
       Furthermore, the issue of animal biotechnology is a microcosm of a larger U.S. oversight failing: over forty years have 
passed since the enactment of our major environmental laws. Rethinking transgenic organism oversight is an opportunity to 
ameliorate long-festering problems with U.S. oversight structures. Animal biotechnology developments highlight the outdated 
nature of our current regulatory vehicles and how ill equipped they are to deal with the issues of the *103 twenty-first century. 
Lacking a new generation of laws more in line with the ecological and technological realities of this century, those entrusted 
with protecting public health and the environment can only continue to try and squeeze blood from the existing statutory stones. 
The animal biotechnology dialogue provides the challenge and the opportunity to rethink this social contract. 
 
[FNa1]. © George A. Kimbrell & Paige Tomaselli 2011. Mr. Kimbrell and Ms. Tomaselli are attorneys for the Center for Food 
Safety (CFS), a nationwide public interest organization devoted to legal advocacy in food law and sustainable agriculture. Their 
litigation and policy practice areas include, as relevant here, genetically engineered organisms, factory farming, and aquacul-
ture. Mr. Kimbrell is a graduate of Lewis & Clark Law School, where he is now a sometimes-adjunct professor teaching sus-
tainable food and agriculture law. Ms. Tomaselli is a graduate of Vermont Law School. She has written and often speaks on the 
impacts of factory farming and genetic engineering. The authors thank Animal Law for the opportunity to contribute to this 
Issue. The authors are also indebted to their colleagues Jaydee Hanson, Bill Freese, and Andrew Kimbrell for their essential and 
enduring work on the issues discussed in this essay. 
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