In the Era of Jurassic Park: Governing
De-Extinction Through Soft Law

Molly Woodward"

“The world has just changed so radically, and we’re all
running to catch up. I don’t want to jump to any conclusions,
but look . . . . Dinosaurs and man, two species separated by
sixty-five million years of evolution have just been suddenly
thrown back into the mix together. How can we possibly have
the slightest idea what to expect? "

INTRODUCTION

The Jurassic Park book and films tell an awe-inducing and ultimately
horrific tale in which humans achieve a feat of genetic engineering and the
height of hubris when they resurrect dinosaurs.” But raising extinct species
from the dead using genetic engineering is no longer just a plot point for sci-
fi and horror stories.> While dinosaurs are unlikely to be resurrected outside
of fiction, tech-savvy scientists have successfully “resurrected” the dire wolf
and continue to make strides toward bringing other species back from
extinction.”

In March of 2025, Colossal Laboratories and Biosciences (“Colossal”)
introduced their three genetically engineered dire wolf pups to the world.”
The dire wolf became extinct 10,000 years ago, but Colossal “revived” the
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dire wolf pups by rewriting the common gray wolf’s genetic code to reflect a
dire wolf genome.® Colossal made more historic strides toward de-extinction
earlier in 2025 when it announced the success of its woolly mice: mice
genetically engineered to express traits of the extinct woolly mammoth,
namely, the mammoth’s fat metabolism and well-known shaggy coat.’
Colossal collected genomes from mammoth remains preserved in permafrost,
identified the genes that code for the mammoth’s distinctive coat, and used
the CRISPR-Cas 9 gene-editing tool to change mice’s stem cells to express
the mammoth’s traits.® Colossal, “the world’s first and only de-extinction
company,” hopes to resurrect the woolly mammoth as early as 2028."

Colossal pursues de-extinction with the noble intention of restoring extinct
species and preventing further extinction across the planet,'' but de-extinction
is an emerging technology with an uncertain future, including uncertain risks
and uncertain regulation.'” To reap de-extinction’s benefits and mitigate its
potential risks, adequate governance through soft law instruments is
necessary.

This paper conveys the necessity and appropriateness of using soft law to
govern de-extinction. Part [ provides readers with an understanding of what
de-extinction is. Part I discusses de-extinction’s potential benefits and risks.
Part I1I argues de-extinction should be regulated by soft law instruments. This
argument proceeds in three parts: first, existing soft law instruments within
the de-extinction space are described; second, soft law’s suitability for
addressing de-extinction is explained; third, the shortfalls of soft law
approaches and ways to mitigate those drawbacks are discussed. Altogether,
this paper presents a strong case for governing de-extinction through soft law.

L WHAT IS DE-EXTINCTION?

2

De-extinction, or “resurrection biology,” is the process of resurrecting
species from extinction.? Colossal defines de-extinction as the “functional
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application of advanced gene editing technology aimed at rebuilding the
DNA of lost megafauna and other creatures that had a measurably positive
impact on our fragile ecosystems.”'* Under the International Union for the
Conservation of Nature’s (“IUCN”’) working definition, de-extinction is “the
generation of proxies of extinct species that are functionally equivalent to the
original extinct species but are not ‘faithful replicas.””"” These proxies are not
“faithful replicas” because de-extinction processes are only able to “recover”
the extinct species by altering existing species to mimic the target species.'’

De-extinction ultimately requires resurrecting a sufficiently large
population of the once-extinct species and reintroducing them into the wild."”
The first step towards de-extinction, however, is resurrecting one member—
technically, its proxy—of the extinct species.'® Three different methods may
achieve this first step: selective breeding, cloning, or genome editing."

Selective breeding (or “back-breeding”) “resurrects” a member of an
extinct species by breeding an animal physically similar to the extinct
species.” This physical similarity is attained by selectively breeding similar
animals across several generations until they present the desired
characteristics.?! This method is currently being employed by the Tauros
Programme to recover European auroch populations.*

Cloning achieves de-extinction by genetically replicating the extinct
species.”® Such genetic replication requires high-quality DNA from the
extinct species, limiting when this method can be used.* The extinct animal’s
DNA replaces the DNA of another animal’s unfertilized egg cells through
somatic cell nuclear transfer.”® These egg cells are then implanted into a
surrogate mother from a related species.® The clones created through this
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somatic cell nuclear transfer are not true replicas of the extinct species,
however, because of epigenetic differences distinguishing the proxies from
the extinct species.”” Cloning works best with recently extinct species who
have a closely related and still-living species (or subspecies), the latter of
which serves as the surrogate mother for this process.”® Cloning may seem
like a far-fetched goal, but this method has already seen limited success.”
One member of the extinct Pyrenean ibex species was successfully cloned in
2003, though it died eleven minutes after its birth due to a lung defect.*

The last method of de-extinction, and the one employed by Colossal,’ is
genome editing or genetic engineering.”> Genome editing involves
manipulating embryos of animals similar to the extinct animal at the cellular
level.”> One example of embryo manipulation is gene-splicing, which
incorporates extinct species’ gene sequences into the similar species’
genome.* CRISPR-Cas 9 technology can also modify reproductive cells’
DNA from the related species by selecting, deleting, and replacing part of the
DNA sequence with a “different, pre-selected, and pre-created sequence.”

These genetically rewritten embryos are then implanted into a surrogate
animal who, if the process succeeds, will birth an extinct animal’s proxy.*®
Notably, the CRISPR-Cas 9 technology manipulations are heritable, meaning
they will pass on to any offspring.”” The end-product of this process is
ultimately a hybridized proxy of the extinct animal.’®® This gene-editing
method of de-extinction was used to create Colossal’s woolly mammoth mice
and dire wolves.* Colossal intends to eventually use this method on elephants
to create woolly mammoths.*® With ongoing de-extinction projects like those
Colossal is leading, successful de-extinction of entire species is an
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inevitability," but the technology’s benefits and risks are still largely
uncertain and debated.

IL DE-EXTINCTION’S IMPLICATIONS

Like other emerging technologies, the full and exact implications of de-
extinction’s success remain uncertain.* As a result, de-extinction is
cultivating a future full of possible rewards and risks.*

A. Rewards

Successful de-extinction efforts offer robust benefits, but the most notable
of these benefits is de-extinction’s potential as a conservation tool.** De-
extinction can not only resurrect an entire species but may consequentially
reinvigorate entire ecosystems.* This is likely where the resurrected species
was an ecosystem’s keystone species and is reintroduced to that ecosystem.*®
By resurrecting and re-introducing a keystone species, de-extinction
facilitates the ecosystem’s recovery of its functionality and integrity.*” De-
extinction technologies may also save endangered species from extinction.*
De-extinction may act as a “fail-safe” to other conservation efforts by using
its cloning and gene-editing techniques to prevent further species extinction.*
Cloning can rescue endangered species “when only a few or no reproducing
individuals remain,” while gene-editing technology can increase genetic
diversity among endangered species or improve the endangered species’
survival capabilities by adding genes to their genomes.*
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Though conservation goals are currently the heart of de-extinction efforts,
its benefits extend beyond the scope of conservation.”' De-extinction may
serve as a tool for justice and fulfill moral obligations by reviving species
humans had a hand in driving to extinction.” De-extinction also benefits the
greater scientific and technological communities by allowing an unparalleled
opportunity for scientists to study once-extinct species and to push
technology to new heights.’* De-extinction has broader benefits for humanity,
as well, by invoking a sense of awe and wonder.**

B. Risks

Despite its potential rewards, de-extinction and its uncertainties also pose
many risks.”” Among these risks is the potential for resurrected species’
endangerment after reintroduction to their natural habitat.’® Many changes
may have occurred since the species’ extinction: the species’ food supply
may have been lost, new predators or diseases may have arisen, and climate
change may have affected the carrying capacity of the species’ habitat.’’
Thus, resurrecting a species may actually place them in a position to face
extinction once again.*®

The resurrected species themselves may also pose a risk to the
environment or to other species.”” Resurrected species may carry
unanticipated diseases, negatively disrupt ecosystems’ existing food chains
by killing prey, or threaten other species’ survival by outperforming these
other species.*

Some scholars argue that re-introducing resurrected species is akin to
introducing invasive species to an ecosystem.’' Since “[a]ny reintroduction
of a species, whether resurrected or existing elsewhere, risks ‘disrupting
receiving biological communities,”” de-extinction may hurt the biological
community rather than benefit it.”> The human environment is also potentially
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endangered because of the threat reintroduced species may pose to
agricultural, fishing, and livestock industries, and the environments they
operate in.® Furthermore, de-extinction may erode conservation efforts by
creating a false sense of security and disinclining individuals and agencies
from urgent conservation efforts.** Similarly, de-extinction may also divert
resources currently devoted to protecting other endangered species.®

Labeled an “unnatural and hubristic” act,’® de-extinction also poses moral
and ethical concerns.”” Among these concerns is the possibility that de-
extinction will lead to animal cruelty or threaten animal welfare,*® especially
since prior cloning efforts have ended in resurrected animals dying from birth
defects.”” Some scholars raise theological concerns, questioning the right to
“[pJlay God” and to selectively determine what species should be brought
back from death.”

Finally, de-extinction has the potential for misuse.”" Though currently
posited as a conservation tool,”* there is no question that bringing back
beloved species like the woolly mammoth has significant commercial
potential.” Some argue that commercializing de-extinction is an abuse of the
technology.” There are also concerns that resurrected species may become a
geopolitical weapon.” Using animals for geopolitical power is not unheard
of.”® For instance, China uses its pandas as a tool for diplomatic relations,
especially with Western nations.”” Already, President Vladimir Putin has
expressed interest in capitalizing on the woolly mammoth by creating a
Pleistocene Park in Russia, a theme park reminiscent of Jurassic Park.”™ Given
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these many uncertainties and risks, de-extinction requires appropriate
governance.

III. GOVERNING DE-EXTINCTION THROUGH SOFT LAW

De-extinction is an emerging technology with an uncertain future, yet it is
“critically under-regulated.”” This regulatory void may be filled through
hard law or soft law approaches, or a combination of both.* “Hard law” refers
to more traditional regulatory approaches that are legally binding and directly
enforceable.®' Hard law is typically implemented when cooperation gains,
opportunism chances, and opportunism costs are high.*? In contrast to hard
law, “soft law” refers to “instruments or arrangements that create substantive
expectations that are not directly enforceable.”® In sum, soft law is an ex-
ante, permissive alternative to formal governance approaches.® Methods for
implementing soft law include private standards, codes of conduct,
principles, or guidelines.* As discussed below, not only do soft law
instruments governing de-extinction already exist, soft law is the best, even
necessary, approach to governing de-extinction efforts, and any potential
flaws in soft law governance may be alleviated through careful
countermeasures.

A. Existing Soft Law Instruments

Soft law approaches governing de-extinction already exist.*® The TUCN
SSC Guiding Principles on Creating Proxies of Extinct Species for
Conservation Benefit (“lUCN Guidelines™) is one such soft law instrument.*’
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While defining “de-extinction,” the IUCN Guidelines emphasize that de-
extinction’s priority is conservation and should only be undertaken when
“consistent with preserving existing biodiversity.”*® The TUCN Guidelines
primarily address how proxy species are to be appropriately released,
recommending substantial evaluations of the proxy species and its readiness
for translocation and other risk-averse steps in evaluating the proper
translocation procedures and locations.* A notable drawback of the [UCN
Guidelines, and a soft law flaw that will be further discussed,” is the lack of
an enforcement mechanism.’!

Another soft law instrument for de-extinction governance is the Food and
Drug Administration’s (“FDA”) industry guidance, Heritable Intentional
Genomic Alterations in Animals: Risk-Based Approach (“IGA
Guidelines”).”> The IGA Guidelines are non-enforceable, and industry actors
may “use an alternative approach if it satisfies the requirements of the
applicable statutes and regulations.” The IGA Guidelines define three
categories of risk for intentional genomic alterations (“IGA”) in animals.*
The IGA’s risk category determines the degree of FDA review and approval
required for the IGAs in animals: Category 1 IGAs require no consultation
with the FDA; Category 2 IGAs are subject to FDA review; and Category 3
IGAs, the high risk category, require FDA review and approval.”

Soft law approaches like these must continue to govern, and more should
be developed to govern de-extinction. These soft law approaches are not only
best suited for governing de-extinction governance but also necessary for a
comprehensive governance approach that hard law cannot attain on its own.
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B. The Need for Soft Law in De-Extinction

Soft law is necessary for comprehensive and adequate de-extinction
governance because, unlike hard law: (1) soft law can address the pacing
problem; (2) soft law is not confined to a regulatory agency or jurisdiction;
(3) and soft law can address ethical concerns.

1. The Pacing Problem

De-extinction technology is quickly outpacing the regulation development
process, thereby necessitating soft law approaches.”® Like other emerging
technologies, “[t]he process of creating de-extinct animals using genetic
engineering is moving forward rapidly.””” Market competition and demands
will continue encouraging emerging technologies like those used in de-
extinction to develop faster, to be put out on the market faster, and to improve
faster.”® While these incessant demands are spurring faster technological
development, regulation’s development is chilled by glacial legislation,
regulation, and judicial review.”

The increased number of bureaucratic hoops in addition to technology’s
increased politicization slows regulation development.'® The consequence of
this pacing problem is that “regulations affecting these new technologies are
likely to be outdated before the ink dries.”'”" Thus, either regulations for de-
extinction will inadequately address the technology or regulators will attempt
to wait to regulate until “a more stable technology plateau” occurs, which is
not guaranteed.'” Soft law, unlike hard law, is more malleable and readily

96. See Babcock, supra note 3, at 195.
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100. d.
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beyond any recognizable interpretation.” /d. at 186. Similarly, the Wilderness Act of 1964 would
hinder de-extinction efforts given its likelihood of finding de-extinct species to be invasive or
exotic species. /d. at 186—87. These regulatory authorities have not kept pace with de-extinction
realities, and reformations are unlikely. See id.
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adaptable to new information and changed circumstances.'” This allows soft
law to address de-extinction’s rapid progression and evolution.'®

2. A Multi-Disciplinary and Transnational Nature

Soft law is also not confined to a specific regulatory agency nor a single
jurisdiction, allowing it to address two unique aspects of de-extinction: (1) its
multi-disciplinary nature'® and (2) its inherent transnational nature.'%

First, unlike hard law,'” soft law can address de-extinction’s complex
intersection of biology, technology, conservation, and intellectual property
disciplines.'® This multi-disciplinary character presents a challenge for hard
law because it implicates a “regulatory commons” problem by which multiple
regulatory agencies have potential authority over parts of the issue, but no
single primary regulator exists.'"” The lack of a regulatory leader increases
the opportunity for oversight gaps from regulatory schemes that tend to
overlap and contradict each other.'® The result is a fragmented framework
hesitant to regulate because of high transaction costs from coordinating with
other agencies, the risk of being assigned blame for social ills arising out of
the area of regulation, and free rider problems.'"" For these reasons, hard law
tends to offer poor governance approaches to issues like de-extinction that
are multidisciplinary in nature and possibly subject to the regulatory
commons problem.'"?
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Since soft law is not restricted to a specific regulatory agency, it can
address de-extinction’s complex multi-disciplinary nature.'”® Different
stakeholders, such as experts from biology, technology, conservation, and
environmental protection disciplines, can come together under a soft law
framework to appropriately and effectively govern de-extinction.'"* Soft
law’s characterization as a voluntary governance framework encourages such
an approach.'” Also, the ability for industry stakeholders and experts to
directly participate in soft law development is particularly beneficial for de-
extinction because non-experts may be more susceptible to “fictional
representations of science” and its risks, like those presented in Jurassic
Park.''

It is important to note that the regulatory commons problem for de-
extinction is mitigated by the FDA’s asserted jurisdiction over animals with
IGAs, specifically those to be released in the wild.''” Given de-extinction’s
use of IGAs through emerging technology, such as CRISPR-Cas 9, the FDA
likely has jurisdiction over de-extinct animals.''® Thus, the FDA has asserted
itself as a primary regulator,'” and, to the extent of the FDA’s regulatory
authority over de-extinction, the regulatory commons problem lies dormant.

Second, soft law is able to address de-extinction’s inherent transnational
nature.'® De-extinction involves the resurrection of animal species, and
“animals . . . do not respect national borders.”"?' For instance, many viable
candidates for de-extinction have habitats or migration routes that transcend
national borders.'”> Some examples of these candidates’ transnational nature
include the passenger pigeons that range across the United States and Canada,
and the great auk’s distribution across Canada, the United States, Greenland,
Iceland, and other countries.'” Even without considering the historical range

113. See Marchant et al., supra note 42, at 7; Marchant, supra note 84, at 1864, 1867; Valdez
et al., supra note 105, at 226.

114. See Marchant et al., supra note 42, at 7-8; Marchant & Abbott, supra note 108, at 398.
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HUMAN SERVICES FOOD AND DRUG ADMINISTRATION (2024), https://www.fda.gov/about-
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of de-extinction candidate species, it is inevitable that resurrected species will
cross national boundaries wherever they are reintroduced.'** As such, hard
law, which is limited in jurisdiction, is incapable of satisfactorily governing
de-extinction on its own.'” On the other hand, soft law’s freedom from
jurisdictional constraints makes it capable of addressing de-extinction’s
transnationality.'*

3. Ethical Concerns

De-extinction and its efforts to raise the dead also raise ethical, moral, and
even theological issues.'?” These concerns tend to fall “outside the safety and
efficacy scope of current agency jurisdictions.”'?® As a result, these ethical
concerns remain untouched by hard law’s regulations.'*’ Unlike its counter-
part, soft law’s aptness for multi-stakeholder approaches makes it uniquely
capable of addressing these moral, ethical, and even theological concerns.'*

Soft law is already used in stem cell research to address ethical concerns. !
For example, the International Society of Stem Cell Research offers ethical
guidelines for stem cell researchers.'*” A similar approach may be applied to
de-extinction, and professional guidelines for de-extinction researchers or
conservationists may be implemented. Hard law’s inability to address de-
extinction’s pacing problem, multi-disciplinary and transnational nature, and
ethical concerns, suggests soft law is necessary for adequate de-extinction
governance. The necessity of soft law, however, does not mean soft law is a
perfect governance approach.

C. Addressing the Flaws of Applying Soft Law to De-Extinction

Soft law is not without its flaws. As soft law is voluntary, direct
enforcement and guaranteed compliance are not possible.'’*® A possible
remedy to this weakness is to condition publication in top scientific journals
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on conformance with soft law guidelines."** This enforcement approach is
already applied in the context of stem cell research.'*’* The Nature journals
condition publication of stem cell or human genome editing articles on
compliance with the International Society for Stem Cell Research Guidelines
for Stem Cells."*® Highly regarded journals could similarly condition
publication of de-extinction articles and research on conformance with de-
extinction guidelines, such as the IUCN guidelines."’

Soft law is also prone to excessive generality or vagueness."** One
potential consequence is that soft law may not be impactful. Companies may
take advantage of a soft law instrument’s vague terms to claim they complied
with the soft law instrument, gaining positive public opinions while failing to
implement any fundamental changes within their business.'*’ Additionally,
interested parties may be excluded from the soft law instruments’
development.'*® Public confidence, or the lack thereof, is another drawback
of soft law. The public’s opinion of soft law reveals an absence of confidence
and trust that soft law is capable of and is actively addressing the problem at
hand.'*" Certification, auditing processes, or oversight by credible non-
governmental organizations may remedy these concerns.'*

Despite these flaws, soft law remains the more available and appropriate
governance framework for de-extinction. However, the choice between
governing de-extinction through soft law or hard law need not be a binary
one.'” Rather, soft law and hard law can serve as compliments in which soft
law can serve as a stepping stone to hard law and/or work in tandem with
hard law as its supplement.'** Hard law may also be used as the vessel by
which soft law compliance is reached.'*® Co-governance by soft law and hard
law can offer a more comprehensive governance approach and can remedy
the disadvantages of soft law.'*
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One example of this more coordinated governance approach is the use of
patent law (hard law) to encourage compliance with ethical guidelines (soft
law)."*” Companies with patents for a technology may “require or forbid
certain practices” by incorporating ethical constraints within the licensing
agreement.'"*® For example, this “ethical licensing,” has been used with
CRISPR technology.'” Broad Institute’s CRISPR-Cas 9 license expressly
prohibits using the technology for “editing of tobacco plants, with gene drives
or for creating ‘terminator’ seeds for agriculture.”'*® De-extinction
technology, possibly subject to patent law, may similarly incorporate ethical
licensing techniques, harmonizing soft law and hard law governance
approaches.”!

Therefore, while soft law is likely necessary to govern de-extinction and
hard law is likely insufficient to regulate de-extinction alone, both
governance approaches can and should be brought together to create a
comprehensive governance framework for de-extinction.

IV. CONCLUSION

Though there may be no Jurassic Park in the future, de-extinction has
already revived the dire wolves,"”” and its continued success is an
inevitability.' De-extinction will likely serve as a powerful conservation
tool, able to better protect endangered species and ecosystems across the
planet."* With its many uncertainties, however, de-extinction also poses
numerous risks."”> Given these risks, de-extinction governance is necessary,
yet de-extinction is currently “going forward unregulated.”'*® Both soft law
and hard law governance approaches may fill this regulatory void, but soft
law is more suitable for de-extinction than hard law."”” Unlike hard law, soft
law governance can address de-extinction’s pacing problem, its complexity
as a multi-disciplinary technology, its uncertain nature that is prone to
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change, and its inherent transnationality.'>® Soft law is imperfect, however,
and hard law, though insufficient to regulate de-extinction alone, should be
incorporated into de-extinction’s governance framework.'*’

158. See supra Section II1.B.
159. See supra Section II1.C.



