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Abstract
The outdoor use of organisms modified with gene drives—emerging biotechnologies of
biased inheritance—could further human well-being and biodiversity conservation, yet
also poses environmental risks and diverse social challenges. This article describes and
analyzes the international law and politics of gene drives’ research, development, and
possible use, with an emphasis on their potential biodiversity applications. The Conven-
tion on Biological Diversity is central, and its institutions and others have taken actions
toward governing gene drive organisms. Gene drives’ governance and politics are con-
trasted with those of agricultural genetically modified organisms, with emphases on
states, nonstate actors, the precautionary approach, and decision-making forums. Devel-
oping and implementing governance—especially in international forums—for gene
drives may prove to be difficult. The observations and analysis here indicate that the pol-
itics of gene drive organisms is a manifestation of a larger struggle regarding emerging
technologies among those concerned about sustainability.

Preventing the loss of biodiversity is a leading global environmental challenge.
A recent authoritative report concludes, “Biodiversity … is declining faster than
at any time in human history … with the great majority of indicators of ecosys-
tems and biodiversity showing rapid decline” (Intergovernmental Science-Policy
Platform on Biodiversity and Ecosystem Services [IPBES] 2019, 2, 3). A central
reason for this is that the drivers of biodiversity loss are plural and complex,
while countering them is challenging and expensive.

A set of emerging biotechnologies has substantial potential to halt and
even reverse biodiversity loss, including in ways that other means cannot. Gene
drives may be able to eliminate invasive alien species, a leading direct driver of

Global Environmental Politics 20:3, August 2020, https://doi.org/10.1162/glep_a_00567
© 2020 by the Massachusetts Institute of Technology

* I thank for their feedback the participants of the European Society of International Law Interest
Groups on International Environmental Law and on International Bio Law, the 2019 European
Environmental Law Forum, and the 2019 European Consortium for Political Research General
Conference. I am grateful also for the constructive comments of three anonymous reviewers
as well as the assistance of guest editor Simon Nicholson and the journal’s editors. Finally, I
particularly thank the Open Philanthropy Project for its support of my work.

28



biodiversity loss; protect some endangered species; and help native species
adapt to climate change and other threats. Gene drives could also improve hu-
man well-being, for instance, by eradicating diseases. Along with these poten-
tials, however, come environmental risks and social challenges. Like other
powerful emerging technologies, gene drives’ research, objectives, and potential
use are highly contested.

As this special issue emphasizes, such contestation is found across technol-
ogies, especially powerful ones. This seems all the more acute as we enter the
Anthropocene, in which humanity’s ability to affect multiple Earth systems—
intentionally and unintentionally, beneficially and harmfully—is a central issue.
Elsewhere in this issue, Leslie Paule Thiele (see page 1) calls purposeful techno-
logical interventions in the natural environment “anthropogenic (caused by
humans) … [but] not anthropocentric (holding human needs and interests
supreme).” This article places gene drives in this context of emerging anthro-
pogenic technologies by outlining and analyzing the salient international law
and the inchoate politics of gene drive technologies, with an emphasis on the
conservation of biodiversity.

The next section introduces gene drives and some of their potential uses,
while the subsequent one details their environmental risks, social challenges,
and relevant governance characteristics. I then summarize how international le-
gal mechanisms and institutions could govern gene drives and their use. The
penultimate section considers the emerging politics, especially the debates asso-
ciated with decision-making at intergovernmental institutions. The article con-
cludes with analytic observations regarding gene drives’ governance and politics,
contrasting them with those of agricultural genetically modified organisms
(GMOs) and emphasizing, among other things, states, nonstate actors, the pre-
cautionary approach, and decision-making forums.

Gene Drives

Understanding gene drives requires a quick summary of basic genetics. In sexu-
ally reproducing species, an organism typically has equal chances of transmit-
ting to its offspring the versions of a given gene that it got from each of its
parents. Importantly, the actual frequency of a given gene variant in a popula-
tion (i.e., the interbreeding members of a species that typically live in a geo-
graphic place, in this article meaning nonhuman populations) is greater if the
variant confers a net reproductive advantage and less if it confers a disadvantage.
This natural selection presents a challenge to genetically modifying in situ (i.e.,
in the wild) populations. Most traits that humans desire in nonhuman species
are not reproductively advantageous—or are even disadvantageous—causing
any modified gene to dissipate as the natural variants outcompete it.

In 2003, Austin Burt proposed that humans could synthesize mechanisms
of biased inheritance to “drive” a desired modified gene through an in situ pop-
ulation (Burt 2003). His proposal remained theoretical until the development
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of gene editing using clustered regularly interspaced short palindromic repeats
(CRISPR) in 2012, enabling CRISPR-based gene drive systems (here called sim-
ply gene drives) (National Academies of Sciences, Engineering, and Medicine
2016).

A gene drive functions by copying itself and an accompanying modified
genetic sequence onto the equivalent location on an organism’s other set of
genes, causing both sets to be modified and transmitting the drive and modifi-
cation to (nearly) all of an individual’s offspring. Through this mechanism, gene
drives empower humans to genetically modify an entire population by intro-
ducing only a small number of gene drive organisms (GDOs). These could even
spread a gene that is reproductively neutral or disadvantageous. Most interest in
gene drives thus far has been in potentially reducing the size of a population or
extinguishing it entirely. This could be achieved through genes that cause most
or all offspring to be male, by making members of one sex infertile, or by prop-
agating a recessive infertility gene. Importantly, gene drives are effective only in
species that reproduce sexually and have a short life cycle, as several generations
are necessary before most of a population becomes altered. These requirements
exclude their use in bacteria and large animals. Researchers have successfully
modified a few species, including yeast, fruit flies, and mosquitoes, to carry
and propagate gene drives, while initial steps with mice have shown progress.
GDOs have been tested in contained environments, and some experts have
suggested that outdoor experiments could be undertaken as early as 2023
(Dunning 2018) and outdoor use by around 2025 (Kahn 2020).

Gene drives offer several applications for both human well-being and bio-
diversity conservation (Kolodziejczyk et al. 2019; Redford et al. 2019). First,
most applied gene drive research to date has concerned combating diseases that
afflict humans. Malaria, dengue fever, Zika, chikungunya, Mayaro, and yellow
fever are transmitted by only a few mosquito species (of which there are thou-
sands). Populations of them could be reduced or eliminated using GDOs in
areas where the diseases are endemic (Raban et al. 2020). Alternatively, gene
drives could modify the populations so that the mosquitoes or other vector
species would not carry, transmit, or propagate the disease. Indeed, the half
million annual deaths from malaria alone offer a powerful moral case for at
least researching gene drives. Second, gene drives could benefit agriculture. Pest
populations could be reduced, eliminated, or modified to remove evolved resis-
tance to insecticide. Third, gene drives could extirpate invasive alien species, one
of the leading direct drivers of biodiversity loss. This is particularly appealing on
islands, which are more vulnerable to invasive aliens and could better contain
introduced GDOs. In these cases, rodents would be likely potential targets
(Godwin et al. 2019). Fighting invasive alien species and diseases can overlap,
in that some of the former transmit the latter. For instance, Hawaiian honey-
creepers (a small bird species) are endangered in part due to avian malaria trans-
mitted by invasive alien mosquitoes. Alternatively, a gene drive could modify an
invasive alien species to be less competitive with native ones. Fourth, endangered
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species could be genetically modified to resist diseases (Rode et al. 2019). There
is growing evidence that a fungus is the primary cause of the recent decline in
amphibian populations, which could be modified to be unaffected by it. Fifth
and finally, humans could genetically modify in situ populations to increase
resilience in the face of changing conditions, particularly due to anthropogenic
climate change. As one illustration, corals may be able to be modified so that
reefs persist in warmer, more acidic ocean waters. Importantly, the third,
fourth, and fifth applications listed here are for conservation goals. However,
a highly leveraged technique like gene drives might not be justified for these
last two applications—in which a reproductively advantageous trait would be
conferred—in comparison with the introduction of “traditional” GMOs.

One place where gene drives are being considered to help conserve biodi-
versity is New Zealand. A set of relatively isolated islands that were among the
last to be settled by humans, it is a biodiversity hotspot with many unique
species. Before humans arrived approximately seven hundred years ago, the only
terrestrial mammals were bats, a situation that caused many species to lose
through evolution their defenses against predation, especially that of flight.
Settlement—especially by Europeans—brought numerous invasive alien species,
including several dozen terrestrial mammals, some of which are predators. Now,
about one-third of native bird species are threatened, and another half are at risk
(Robertson et al. 2017), with invasive alien predators as the primary driver of
loss (Parliamentary Commissioner for the Environment 2017). In 2016, the
government resolved that New Zealand will be free of the most harmful alien
predators—rats, stoats, weasels, ferrets, and possums—by 2050. Some scientists
believe that “predator-free New Zealand is possible through use of novel ‘next-
generation’ pest control tools” (Dearden et al. 2018, 226), and gene drives have
been among the tools researched to eradicate invasive rats and wasps (Royal
Society Te Apārangi Gene Editing Panel 2017).

Risks, Challenges, and Governance Characteristics

Besides the aforementioned potential benefits, gene drives would also pose
environmental risks (Hayes et al. 2018). GDOs’ outdoor use could affect target
organisms’ genomes at other locations, in situ populations of the species beyond
the targeted one, or nontarget species through horizontal gene transfer. Further-
more, the desired change could have unexpected impacts on local ecosystems.
In fact, some prominent gene drive researchers are so concerned about these
environmental risks—especially of spreading to other in situ populations—that
they conclude that GDOs should only be placed outdoors when the intention is
to affect all populations of the target species (Esvelt and Gemmell 2017; Noble
et al. 2018). Because of these risks, their indoor and experimental use also raises
the threat of accidental, premature release.

Although these risks should be taken seriously, somemay be less severe than
they initially seem. Regarding potential impacts on nontarget species, horizontal
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gene transfer from animals is quite rare. The first-order ecological impacts of
eradicating a population or species—including invasive alien ones—are inde-
pendent of whether this is done through gene drives or nonbiotechnological
methods. Moreover, scientists believe that removing a single mosquito species
would typically not be ecologically harmful (Roberts et al. 2017). Gene drives
may be able to be technologically contained. For example, a “daisy chain” drive
could be transmitted only through a limited number of generations, allowing for
localized applications. Likewise, isolated populations, such as those on islands,
are often genetically distinct; a gene drive could, at least in principle, utilize lo-
cally fixed alleles to affect only the population’s members. A threshold gene drive
system would be effective only if it were released above some frequency within
the population. In addition, the spread of a gene drive to undesired populations
may be able to be halted by the ex ante use of an immunizing drive or reme-
diated by the ex post introduction of a reversal one. Finally, these risks must
be considered in the context of the countervailing ones, among which are the loss
of biodiversity through invasive alien species; the use of toxins, chemical repel-
lents, and barriers; and deadly infectious diseases among humans.

Gene drives present social challenges as well. At the very least, their re-
search, use, and governance are deeply value-laden (Thiele, this issue). Gene
drives also have many hallmarks of a controversial, even polarizing technology
that is likely to be perceived as dreadful and unknown (Slovic 2000). This is
complicated by the fact that some species in their unmodified condition may
have nonuse value, even to distant people. Clearly, intentionally modifying or
especially eradicating populations poses challenging ethical questions (Callies
2019; Sandler 2017). Robust, informed, and deliberative engagement with—
and perhaps consent from—stakeholders will be essential, but how to proceed
is not entirely clear under these circumstances (George et al. 2019; Kuzma et al.
2018). Regardless, it is unclear who has the authority to decide to use gene
drives in situ. In addition, proposals to use gene drives to help conserve biodi-
versity might weaken efforts to do so by other means, for example, by preserving
critical habitat. Finally, gene drives could also be used for malicious purposes, at
least in principle.

Because of gene drives’ potential to irreversibly affect species and ecosys-
tems, to improve human well-being, to help protect biodiversity, and to pose
environmental risks and social challenges, governance is essential (Delborne
et al. 2018; Rudenko et al. 2018). Some physical risks can be effectively
managed by national and subnational law, both extant and new. Indeed, some
countries, among which are the Netherlands, Brazil, and Australia, have already
developed regulations specific to gene drives. In others, this work might be gov-
erned through existing regulations, including those for GMOs, biosafety, toxins,
and veterinary medicines. However, this regulation typically addresses only
local environmental health and safety risks on case-by-case bases, whereas gene
drives pose risks that are large scale, ecological, and systemic, as well as posing
diverse social challenges. Kevin Esvelt (2017, 26)—among the most prominent
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gene drive scientists—writes that “existing biosafety committees and authorities
are simply not qualified to evaluate gene drive risks. … The current regulatory
brakes are ineffective and inappropriate in the face of this new challenge.”

International Law

There is a consensus that the governance of gene drives should, to some degree,
be international and legal. Although domestic law and nonstate processes could
suffice in some ways, they do not—and likely cannot—satisfy all of gene drives’
governance needs. The endeavor is necessarily transboundary, with researchers,
materials, knowledge, and impacts crossing jurisdictional borders. The research
and development is, and will likely continue to be, largely conducted in indus-
trialized countries. Yet GDOs’ use appears more probable in developing coun-
tries, which have more at-risk biodiversity and higher rates of infectious
diseases. Furthermore, some targeted populations straddle or travel across na-
tional borders, and even in cases in which they don’t, humans would intention-
ally or accidentally transport GDOs long distances. A 2016 US National
Academies report on gene drives concludes, “Responsible governance will need
to be international and inclusive, with clearly defined global regulatory frame-
works, policies, and best practice standards for implementation. … The antici-
pated transboundary effects of gene-drive modified organisms give rise to the
need for international policies or regulation that build agreements between
countries” (9, 149).

International law provides a framework of rules, processes, and institu-
tions in which the governance of gene drives is developing. The foundation
of international environmental law can be considered a double-sided coin.1

On one side, states have the sovereign right to exploit their own natural re-
sources as they see fit, pursuant to their environmental and developmental pol-
icies.2 On the other, they are obligated to take steps to reduce and prevent harm
arising from activities within their jurisdiction or under their control that pose a
significant transboundary risk.3 Specifically, states are to practice due diligence
by, among other things, requiring the activity’s authorization, assessing environ-
mental impacts, notifying and cooperating in good faith with potentially affected
states, informing the public, and developing emergency contingency plans.4

Among multilateral agreements with widespread participation, the Con-
vention on Biological Diversity (CBD) is central in several ways. First, its
parties—that is, all countries besides the United States—have numerous obliga-
tions regarding in situ biodiversity conservation to which gene drives could, if

1. Stockholm Declaration on the Human Environment, 1972, Principle 21; Rio Declaration on
Environment and Development, 1992, Principle 2.

2. UN General Assembly Resolutions 626(VII), 1803(XVII).
3. Trail Smelter Arbitration (United States v. Canada), 1938 and 1941; Nuclear Weapons Advisory

Opinion, 1996.
4. International Law Commission, 2001, Articles 4, 6–8, 13, 16.
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effective, contribute. Among these obligations are promoting the maintenance
of viable populations of species, promoting the recovery of threatened species,
and controlling and eradicating alien species that threaten ecosystems, habitats,
or species.5 These obligations indicate that gene drives’ use for conservation pur-
poses are not only prima facie consistent with international biodiversity law
(Hochkirch et al. 2018)6 but could be promoted by it. Second, the outdoor
use of gene drives would pose risks, and CBD parties are to require environmen-
tal impact assessments of proposed projects that are likely to have significant
adverse effects on biodiversity and to duly take into account these possible con-
sequences.7 Third, the parties commit in the CBD to promoting research that
contributes to biodiversity conservation, particularly in developing countries,
and to promote and cooperate in the use of scientific advances in biodiversity
research.8 They also must provide and/or facilitate access and transfer to other
parties such technologies, explicitly including biotechnologies.9 Gene drives
could constitute this research, scientific advances, and technologies, respectively.
Finally, all or most GDOs are “living modified organisms” under the CBD re-
gime. If these are likely to have adverse environmental impacts that could affect
biodiversity conservation, then CBD parties are to regulate, manage, or control
the risks associated with the organisms’ use and release, taking into account the
risks to human health.10 Parties are also to provide information about the use
and regulations for the GDOs’ handling and potential adverse impacts.11

The CBD’s single provision governing living modified organisms is fur-
thered by its Cartagena Protocol on Biosafety, which has been ratified by 172
countries—not including Australia, Canada, and the United States. It aims for
the safe transboundary transfer, handling, and use of living modified organisms
that could have adverse effects on biodiversity.12 The Protocol centers on the
requirement that parties that intend to export living modified organisms obtain
the advanced informed agreement of importing parties.13 The underlying risk
assessment is to be carried out in a scientifically sound manner.14 The Protocol
also establishes a Biosafety Clearing-House to facilitate the exchange of scientific,
technical, environmental, and legal information regarding living modified or-
ganisms.15 When a party is aware of an occurrence under its jurisdiction resulting
in a release that may lead to an unintentional transboundary movement of a living
modifiedorganism that is likely to have significant adverse effects onbiodiversity—
which GDOs could cause—it is obligated to report this to potentially affected

5. CBD Article 8.
6. See also decision UNEP/CBD/COP/6/20.
7. CBD Article 14.
8. CBD Article 12.
9. CBD Article 16.

10. CBD Article 8(g).
11. CBD Article 19.
12. CP Article 1.
13. CP Articles 7–12.
14. CP Article 15.
15. CP Article 20.
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states and the Biosafety Clearing-House.16 The parties to the Protocol are also to
cooperate in building developing countries’ capacity in biosafety.17

The Cartagena Protocol is advanced by the Nagoya–Kuala Lumpur Supple-
mentary Protocol on Liability and Redress (NKLSP), which requires that the
operators—those in control of the living modified organisms—undertake appro-
priate response measures in the event of damage from living modified organ-
isms.18 Its forty-eight parties (as of this writing) are also to provide for civil
liability in such cases.19

The CBD agreements are supported by a robust set of active institutions,
particularly biennial Conferences of Parties (COPs) and the Subsidiary Body on
Scientific, Technical and Technological Advice (SBSTTA). In recent years, these
bodies have taken actions toward governing gene drives, discussed in the fol-
lowing section.

Of particular importance in the CBD regime is the precautionary approach.
The CBD itself only notes precaution in its preamble: “where there is a threat of
significant reduction or loss of biological diversity, lack of full scientific certainty
should not be used as a reason for postponingmeasures to avoid orminimize such
a threat.” In some contrast, the Cartegena Protocol places precaution in its objec-
tive, which provides that it is “[i]n accordance with the precautionary approach.”20

The precautionary approach’s precise legal status and implications—in general, in
the CBD regime, and with respect to biotechnology—are unclear and have been
the subject of scholarly, legal, and political debates (e.g., Pellizzoni and Ylönen
2008; Vogel 2012). These characteristics are especially challenging in high-stakes
risk–risk trade-offs with scientific uncertainty and contested values. Perhaps unsur-
prisingly, precaution’s unclarity and contestation have manifested in discussions
of gene drives (Kaebnick et al. 2016), discussed further below in the context of the
CBD COPs. Although many observers assume that the precautionary approach
implies policies that restrict gene drives’ development and use, the countervailing
risks must also be taken into account, given the phrasing of the precautionary
approach in the CBD.

Intergovernmental institutions, some of which are not affiliated with mul-
tilateral treaties, also contribute to global governance. The Intergovernmental
Science-Policy Platform on Biodiversity and Ecosystem Services (IPBES) assesses
scientific evidence, supports policy, and builds capacity regarding biodiversity
and ecosystem services.21 It is developing an assessment of invasive alien species
and their control that will, among other things, review the effectiveness of di-
verse response options, such as GDOs (IPBES 2018).

16. CP Article 17.
17. CP Article 22.
18. NKLSP Article 5.
19. NKLSP Article 12.
20. CP Article 1.
21. https://ipbes.net/sites/default/files/downloads/Resolution%20establishing%20IPBES_2012.

pdf, last accessed May 10, 2020.
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The World Health Organization (WHO) works toward, among other
things, the eradication of diseases.22 In 2014, it published a guidance framework
for testing genetically modifiedmosquitoes (World Health Organization [WHO]
2014) that relies on a stepwise testing pathway that requires evidence of efficacy,
acceptability, and deliverability. More recently, the WHO’s Vector Control Advi-
sory Group “encourages further development of tools utilizing gene-drive based
technologies” (WHO 2017, 1) and is discussing how gene drive mosquitoes
might contribute to the elimination of malaria in sub-Saharan Africa.

The International Union for Conservation of Nature (IUCN) is a hybrid
intergovernmental and nongovernmental organization that cooperates with
other intergovernmental institutions, including those affiliated with the CBD,
for which it provides advice and expertise. At its 2016 World Conservation Con-
gress (WCC), the IUCN debated and approved a resolution that, in order to later
develop guidance, calls for an assessment of the potential impacts of gene drives
and synthetic biology, a somewhat poorly defined set of new biotechnologies, on
the conservation and sustainable use of biodiversity.23 The IUCN established a
task force for this purpose. In 2019, the task force released a substantial report
that adopts a generally ambivalent tone, concluding:

While most synthetic biology and gene drive products are not designed as
conservation applications, some of these will nonetheless have substantial
impacts on conservation practices and outcomes. …

Some synthetic biology and engineered gene drive applications, if
appropriately designed and targeted, could enhance biodiversity conser-
vation. …

Engineered gene drive systems can be a transformative tool for direct
conservation applications. (Redford et al. 2019, 121)

As with the CBD COPs’ decisions, the IUCN process is discussed in the next
section.

The Emerging Politics of International Decision-Making

Although international law can provide a framework for the governance of gene
drives, its vagueness and states’ desire and ability to retain sovereignty mean that
a substantial portion of governance results from political processes. In these,
state and nonstate actors negotiate how international law and other norms
should apply to contested issues. Although the politics of gene drives’ gover-
nance remains inchoate, some contours can be gleaned from the debates
surrounding decision-making at intergovernmental institutions, especially those
associated with the IUCN and the CBD.

In the case of the IUCN, the 2016 resolution began as a motion to develop
a policy on synthetic biology, sponsored by a handful of environmental and

22. Constitution of the World Health Organization, Article 2(g).
23. WCC-2016-Res-086.
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scientific organizations, largely from industrialized countries. When the organi-
zation’s members voted on it, they could also choose from two versions of an
optional amendment. Both of these would have supported the additional
assessment and development of a position on gene drives, with one version
containing a further phrase that the IUCN would “refrain[] from supporting or
endorsing research, including field trials, into the use of gene drives for conser-
vation or other purposes until this assessment has been undertaken.”24 The
amendment with this somewhat restrictive phrase was approved, with substan-
tially stronger support from nongovernmental organizations (which can also be
IUCN members) than from states and intergovernmental institutions. During
the IUCN’s subsequent congress, the Civil Society Working Group on Gene
Drives—an ad hoc coalition of thirty environmental and other activists—
published a statement calling “for a halt to all proposals for the use of gene
drive technologies, but especially in conservation [due to] unintended conse-
quences [and] ethical and social impacts” (Civil Society Working Group on
Gene Drives [CSWG] 2016a).

As at the IUCN, the CBD COP’s actions concerning gene drives also grew
out of considerations of synthetic biology and the conservation of biodiversity.
As early as 2010, the COP asked parties to submit information on this topic to
the SBSTTA.25 The parties’ decision at the following cnference notes, “based on
the precautionary approach, the need to consider the potential positive and neg-
ative impacts of components, organisms and products resulting from synthetic
biology techniques on the conservation and sustainable use of biodiversity” and
asks countries “to take a precautionary approach … when addressing threats of
significant reduction or loss of biological diversity posed by organisms, compo-
nents and products resulting from synthetic biology.”26 This process led to a
pair of reports—one on synthetic biology’s possible impacts on biodiversity
and the other on governance by the CBD and other international instruments
—just prior to the 2014 COP (Secretariat of the Convention on Biological Di-
versity 2015). In 2014, the COP urged states to generally follow a precautionary
approach regarding organisms resulting from synthetic biology and to take five
specific actions: have risk assessment and management procedures and/or sys-
tems in place to regulate outdoor releases; approve field trials only after risk as-
sessments; carry out scientific assessments regarding potential effects on the
conservation and sustainable use of biodiversity, taking into account risks to
human health; encourage research into risk assessment methodologies and into
the positive and negative impacts on biodiversity; and cooperate in capacity
building in developing countries.27

Two years later, gene drives were explicitly on the CBD’s agenda as a part
of its response to synthetic biology. And as with the IUCN resolution earlier in

24. WCC-2016-Res-086-EN.
25. CBD COP Decision X/13.
26. CBD COP Decision XI/11.
27. CBD COP Decision XII/24.

Jesse L. Reynolds • 37



2016, the Civil Society Working Group on Gene Drives organized a letter of op-
position during the lead-up. This time it took a firmer stance—calling for a mor-
atorium on further “technical development and experimental application
[because of] ecological, cultural and societal threats”—and gathered endorse-
ments from more than 160 activist organizations (CSWG 2016b). Although
many of these organizations are relatively small, the list contains larger ones,
such as Friends of the Earth, the International Union of Food Workers, La Via
Campesina, and the International Federation of Organic Agricultural Move-
ments. Scientists who research gene drives were also active: eighty of them—
many from developing countries—issued their own letter to the CBD parties,
urging the COP to support cautious and responsible research as well as potential
use, while invoking arguments regarding human health and conservation (Burt
et al. 2016). The relevant CBD working group considered but rejected a mora-
torium, instead recommending to the full COP various options that emphasized
a precautionary approach (Kuiken 2017).28 At the COP, discussions were divided,
with some states’ delegations favoring a strict position; at least Australia, New
Zealand, and Canada opposing the call for a precautionary approach; and others
rejecting any reference to gene drives, believing that decisions regarding synthetic
biology were sufficient (Earth Negotiations Bulletin 2016). On the final day, the
COP rejected requiring “consent from other governments whose biodiversity
could be affected by any proposed gene drive before approval of its release,”29

instead merely noting that the 2014 decision on synthetic biology can also apply
to “some” GDOs.30

Prior to the 2018 COP, the CBD’s SBSTTA recommended that the parties
call on states “to apply a precautionary approach … [with regard to][and refrain
from] the release, including experimental release, of organisms containing en-
gineered gene drives.”31 When and if approved by the COP, the two bracketed
options would have each been nonbinding “soft law,” offering respectively only
a cautionary statement and a request to prohibit GDOs’ outdoor release. The
latter option was introduced by Bolivia. That country, Venezuela, and Japan also
successfully defended a passage recognizing that research and analysis are needed
before GDOs are considered for environmental release, which Australia and
Canada sought to remove (Earth Negotiations Bulletin 2018a).

The lead-up to the 2018 COP in some ways replayed some of the dynam-
ics from 2016. The organizer of the Civil Society Working Group on Gene
Drives—the ETC Group, a radical antitechnology organization—organized a let-
ter calling for a moratorium, this time only on GDOs’ outdoor release and ac-
companied by a critical report (ETC Group 2018; ETC Group and Heinrich Böll

28. UN Doc UNEP/CBD/COP/13/WG.2/CRP.22.
29. UN Doc UNEP/CBD/COP/13/WG.2/CRP.22.
30. CBD COP Decision XIII/17.
31. Recommendation Adopted by the Subsidiary Body on Scientific, Technical and Technological

Advice: 22/3. Synthetic Biology, CBD/SBSTTA/REC/22/3, para. 10.
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Foundation 2018). Scientists and other supporters of gene drive research were
now better organized, having formed the Outreach Network for Gene Drive Re-
search earlier that year. The Network counts as members not only research in-
stitutes, catalyzing projects, and their funders but also an environmental
advocacy organization—Island Conservation—that has long worked “to prevent
extinctions by removing invasive species from islands” (Island Conservation n.d.).
The Outreach Network for Gene Drive Research countered the ETC Group’s letter
with one of its own, now with approximately 125 endorsements, some of which
notably represented environmental organizations (Outreach Network for Gene
Drive Research 2018). In addition, the United Kingdom’s Royal Society—one of
the world’s most prestigious scientific organizations—published a statement
supporting gene drive research and opposing a prohibition or moratorium on
gene drives (Royal Society 2018). Other actors were also more vocal in the debate
prior to the 2018 COP. The African Union’s African High-Level Panel on Emerg-
ing Technologies issued a report on gene drives that concludes, among other
things, “Given the potential of this technology vis a vis the threat of malaria to
human health and development, it is imperative to comprehensively examine
the technology, so as to guide further development and adoption in African
countries” (African Union and New Partnership for Africa’s Development
2018, 1; see Glover et al. 2018). The African Panel also recommended gover-
nance measures, including a network of African researchers who register, self-
regulate, andpeer review theirwork; national guidelines, frameworks, and enabling
legislation that consider both potentials and risks; and the “development, coordi-
nation andharmonization of regulations and guidelines for regulating the develop-
ment, approval and use of the final product” (African Union and New Partnership
for Africa’s Development 2018, 31–32).

At the 2018 COP, the African Group (led by Ghana, Nigeria, and South
Africa), Argentina, Brazil, Canada, India, Indonesia, Malaysia, New Zealand,
Panama, Peru, and Switzerland backed the cautionary statement, whereas Bolivia,
Egypt, El Salvador, Thailand, and Venezuela were on the record supporting the
call for states to prohibit gene drives’ outdoor use (Earth Negotiations Bulletin
2018c). But an anonymous “veteran of the Convention” said that “the morato-
rium proposal [i.e., the prohibitive statement] was too radical to fly” (Earth Ne-
gotiations Bulletin 2018b, 24). The European Union (EU) offered a compromise
that would ask states to refrain from outdoor releases unless risk assessment had
been performed and relevant measures were in place. Yet this proposed modifi-
cation of the prohibition was unsuccessful. After a raucous discussion in which
“heckling turned into a yelling match of misinformation” (Kofler 2019, 25), the
COP rejected the request to prohibit outdoor use and endorsed a decision closer
to the cautionary statement:

before these organisms [containing engineered gene drives] are considered
for release into the environment, research and analysis are needed, and spe-
cific guidance may be useful, to support case-by-case risk assessment; …
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The free, prior and informed consent of indigenous peoples and
local communities might be warranted when considering the possible re-
lease of organisms containing engineered gene drives that may impact their
traditional knowledge, innovation, practices, livelihood and use of land and
water;

[The Conference] Calls upon Parties and other Governments … to ap-
ply a precautionary approach … and also … to only consider introducing
organisms containing engineered gene drives into the environment, includ-
ing for experimental releases and research and development purposes, when:

a. Scientifically sound case-by-case risk assessments have been carried
out;

b. Risk management measures are in place to avoid or minimize po-
tential adverse effects, as appropriate;

c. Where appropriate, the “prior and informed consent,” the “free,
prior and informed consent” or “approval and involvement” of poten-
tially affected indigenous peoples and local communities is sought or
obtained, where applicable in accordance with national circumstances
and legislation.32

This decision amounts to calls for additional research, a precautionary ap-
proach, and conditions limiting GDOs’ release into the environment. These
conditions include risk assessment, risk management, and possibly some in-
volvement of the public in decision-making.

At the same 2018 meeting, the parties to the Cartegena Protocol called for
international cooperation, knowledge sharing, and capacity building in asses-
sing GDOs’ potential adverse effects. They also requested research outputs from
the CBD Executive Secretary, SBSTTA, and the Ad Hoc Technical Expert Group
on Risk Assessment.33 Parties will address whether to develop further guidance
at their next meeting, currently scheduled for the second quarter of 2021.

Analytic Observations

Like some prior and currently emerging technologies, gene drives’ combination
of high-stakes benefits and risks fosters controversy. Because they would involve
releasing GMOs outdoors, a comparison with the debates concerning agricultural
GMOs during the past twenty-five years is useful.

Gene drives’ emerging governance and politics resemble those of agricul-
tural GMOs in four important characteristics. First, industrialized countries have
adopted similar positions with respect to the two sets of technologies. These are
evident in a divide between the Anglosphere and Europe (Paarlberg 2009;
Pollack and Shaffer 2009). The United States regulates agricultural products
based on their characteristics, including scientific assessment of their physical
and environmental risks, not on the processes through which they were created.

32. CBD COP Decision 14/19.
33. CBD COP Decision 9/13.
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Australia, Canada, and New Zealand have also approved numerous agricultural
GMOs, although their use in those countries has been substantially less than in
the United States. The United States—not a party to the CBD—is the home of
most gene drive research, while Canada—and to a lesser extent Australia and
New Zealand—has consistently pushed for liberal positions at the CBD COPs.
In contrast, the EU assumes a restrictive stance toward agricultural GMOs, de
facto prohibiting them. Regarding gene drives, the EU’s proposed compromise
at the 2018 CBD COP was still fairly prohibitive. European leaders appear to
have little to lose politically by expanding its restrictive biotechnology policies
to gene drives: most insect-borne diseases have been eradicated there, its bio-
technology industry is relatively small, and this restrictive position can satisfy
“green” environmental domestic constituencies.

Second, most of the activists and advocacy organizations that resist gene
drives also opposed GMOs in the 1990s and 2000s. In fact, they have recently
shifted their rhetoric to more strongly emphasize GDOs’ similarity to agricul-
tural GMOs and their risks to agriculture (e.g., ETC Group 2018; ETC Group
and Heinrich Böll Foundation 2018). This is understandable, as these political
actors achieved substantial success with agricultural GMOs.

Third, the gene drive debates are playing out at the same intergovernmen-
tal forums as those for agricultural GMOs. Those affiliated with the CBD are
central, with the IUCN secondary. The fact that the CBD—instead of, for exam-
ple, action by the Food and Agricultural Organization—is the dominant instru-
ment for the international governance of agricultural GMOs is somewhat of a
historical accident, as biotechnology’s outdoor use arose coincidentally with a
renewed push for the conservation of biological diversity in the early 1990s. As
a consequence, the CBD is the leading existing multilateral agreement that
could govern GDOs’ use.

Finally, divergent understandings of precaution have played a central role
in how state and nonstate actors have responded to both agricultural GMOs and
gene drives. The United States generally rejects the precautionary approach,
whereas the EU has formally adopted a precautionary principle (Bodiguel and
Cardwell 2009; Commission of the European Communities 2000). As noted,
the former has a relatively permissive regulatory regime for GMOs and is sup-
porting gene drives’ research and development, while the latter restricts agricul-
tural GMOs and has sought to do so for gene drives as well. Furthermore, the
activist organizations that oppose gene drives’ development repeatedly and
strongly invoke precaution in their rhetoric. The result is evident in the empha-
sis on the precautionary approach in the decisions of the CBD COPs and, to a
lesser degree, the IUCN’s output (e.g., Redford et al. 2019).

At the same time, the politics of gene drives and of agricultural GMOs dif-
fer in five key ways. For one thing, during the agricultural GMO debates, scien-
tists remained largely quiet and politically on the sidelines, especially early on.
Perhaps having learned from that experience, in which activists’ claims and pop-
ular understandings significantly diverged from emerging scientific evidence,
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gene drive researchers—as well as scientific bodies like the Royal Society—are
now taking proactive roles with gene drives.

Second, although the activist organizations that are resisting gene drives
opposed agricultural GMOs in the past, the converse is not true. Indeed, most
major environmental advocacy organizations—which may be the wildcard in
governance debates—have thus far remained silent on gene drives, and at least
one such group, Island Conservation, supports their research and development.

Third, and somewhat related, the two sets of biotechnologies have differ-
ing implications for the conservation of biological diversity, or at least the per-
ceptions thereof. Agricultural GMOs were largely understood as only a threat to
biodiversity (although they have had modest benefits such as reduced pesticide
use). Gene drives, as emphasized here, may be an essential means of protecting
threatened species. However, throughout the recent international discussions of
GDOs’ governance, their uses for biodiversity conservation have largely been
overshadowed by their potential to eradicate vector-borne diseases.

Fourth, the private sector’s roles in these biotechnologies are distinct. Ag-
ricultural GMOs were mostly developed and promoted by large businesses that
sought to profit. In contrast, the private sector has been almost entirely absent
from gene drives’ research and development. This can be explained by the fact
that—unlike in the case of agricultural GMOs—the decisions regarding whether
to use GDOs as well as the funding to do so will likely come from the public
sector (Mitchell et al. 2018). Thus there are limited opportunities to profit from
what would amount to public works programs, such as eradicating diseases in
relatively poor countries.

Finally, and perhaps most importantly, the positions of developing
countries—especially the poorer ones in Africa—are now different. In the
1990s and 2000s, they generally rejected agricultural GMOs or limited their
use to cotton, in order to maintain food export markets in Europe and due
to the influence of activist organizations based in wealthy countries (Paarlberg
2009). This block of countries was essential in drafting, approving, and ratifying
the Cartegena Protocol’s relatively restrictive language. But as described, the
African Union has worked at the CBD COPs to ensure that gene drives may
be researched and developed. This is in large part due to the scourge of malaria,
the fifth leading cause of death in Africa (WHO n.d.). This seems to create a
distinctly different set of incentives for African states.

Looking forward, matters of international governance are likely to increas-
ingly dominate conversations concerning the research, development, and possi-
ble use of GDOs. Yet crafting and implementing governance—especially in
intergovernmental legal institutions—may prove to be difficult. At the very least,
because biotechnology has been framed to date as only a threat to biodiversity,
any argument to the contrary must overcome the associated discursive inertia.
The uncertainties regarding gene drives’ capacities and risks are presently great,
although they presumably could be reduced through research. Perceptions
of gene drives might become polarized, perhaps with significant differences
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between experts and laypeople. Along these lines, Thiele states in this issue,
“The controversy [between critics and advocates] is fueled by the paradox of
engineering nature to save it (p. 1).”

Specifically, the CBD regime is arguably a poor fit for governing GDOs
(National Academies of Sciences, Engineering, and Medicine 2016, 164–166).
For one thing, its objectives include the conservation of biological diversity but
not the improvement of human well-being (although the CBD’s single provi-
sion on living modified organisms takes “into account the risks to human
health”34). For another, as noted, its regulation of GMOs appears to be a con-
sequence of coincidental timing. And although the CBD’s emphasis on precau-
tion may have been appropriate at that time, when GMOs seemed more
uncertain, it now appears out of step with current empirical evidence. Neverthe-
less, the short-term consideration of GDOs’ governance will likely persist in the
CBD’s institutions. A different forum is warranted. This could be state centered,
such as a joint endeavor of the WHO and the UN Environment Assembly.
Alternatively, given the uncertainty and contestation, a nonstate one—for exam-
ple, a panel of diverse experts and stakeholders—may be better able to over-
come some of the political challenges.

This points toward a challenging tension for governance, in which GDOs
could offer both benefits for and risks to biodiversity (Boëte 2018; Sandler
2017). In fact, gene drives and related technologies could constitute a paradigm
shift in conservation biology, in which preserving natural species and ecosys-
tems—which may no longer be possible—and minimizing human impacts give
way to intentionally managing them to adapt them for new conditions. For ex-
ample, the IPBES (2019, 5, 8) concludes, “Goals for conserving and sustainably
using nature and achieving sustainability … may only be achieved through
transformative changes across economic, social, political and technological fac-
tors [among which are] ensuring environmentally friendly technological and so-
cial innovation.”

Ultimately, this politics of GDOs’ governance is a manifestation of a larger
struggle regarding emerging technologies among those concerned about
sustainability. Many environmentalists resist these technologies when they
are centralized, invisible, relatively unfamiliar, and in others’ control, such as
nuclear power, climate geoengineering (Reynolds 2019), and gene drives. Yet,
in a persistent echo of the movement’s “small is beautiful” principle, environ-
mentalists are often quick to embrace those that are decentralized, visible,
relatively familiar, and in consumers’ control, such as solar panels, insulation,
and electric cars. Whether we proceed with contested technologies is, to a
degree, political. Yet whether we can both conserve biodiversity and improve
the well-being of the world’s peoples with decentralized technologies is largely
an empirical matter.

34. CBD Article 8(g).

Jesse L. Reynolds • 43



Jesse Reynolds researches how society can develop norms, rules, procedures,
and institutions to manage environmental opportunities and challenges, partic-
ularly those involving new technologies. He is an Emmett/Frankel Fellow in En-
vironmental Law and Policy at the Emmett Institute on Climate Change and the
Environment of the University of California, Los Angeles School of Law. Dr.
Reynolds is also an associate researcher at the Utrecht Center for Water, Oceans,
and Sustainability Law, Utrecht University and a research affiliate at Harvard’s
Solar Geoengineering Research Program, Harvard University. His book The Gov-
ernance of Solar Geoengineering: Managing Climate Change in the Anthropocene was
published in 2019.

References
African Union and New Partnership for Africa’s Development. 2018. Gene Drives for

Malaria Control and Elimination in Africa. Available at: https://www.nepad.org/
file-download/download/public/115549, last accessed May 10, 2020.

Bodiguel, Luc, and Michael Cardwell, editors. 2009. The Regulation of Genetically Modified
Organisms: Comparative Approaches. Oxford, UK: Oxford University Press.

Boëte, Christophe. 2018. Technoscience and Biodiversity Conservation. Asian Bioethics
Review 10 (4): 245–259.

Burt, Austin. 2003. Site-Specific Selfish Genes as Tools for the Control and Genetic
Engineering of Natural Populations. Proceedings of the Royal Society of London B
270 (1518): 921–928.

Burt, Austin, Andrea Crisanti, Abdallah Daar, et al. 2016. Open Letter on Gene Drive
Technology. December 5. Available at: https://targetmalaria.org/open-letter/, last
accessed May 10, 2020.

Callies, Daniel Edward. 2019. The Ethical Landscape of Gene Drive Research. Bioethics
33 (9): 1091–1097.

Civil Society Working Group on Gene Drives. 2016a. A Call for Conservation with
Conscience: No Place for Gene Drives in Conservation. September 9. Available at:
http://www.synbiowatch.org/wp-content/uploads/2016/09/letter_vs_genedrives.pdf,
last accessed May 10, 2020.

Civil Society Working Group on Gene Drives. 2016b. Common Call for a Global Mor-
atorium on Genetically-Engineered Gene Drives. December 5. Available at: http://
www.synbiowatch.org/wp-content/uploads/2016/12/CBD-Gene-Drive-Sign-on-
Letter-English.pdf, last accessed May 10, 2020.

Commission of the European Communities. 2000. Communication from the Commis-
sion on the Precautionary Principle. COM (2000): 1.

Dearden, Peter K., Neil J. Gemmell, OceanR.Mercier, Philip J. Lester,Maxwell J. Scott, Richard
D. Newcomb, Thomas R. Buckley, Jeanne M. E. Jacobs, Stephen G. Goldson, and
David R. Penman. 2018. The Potential for the Use of Gene Drives for Pest Control
in New Zealand: A Perspective. Journal of the Royal Society of New Zealand 48 (4):
225–244.

Delborne, Jason, Jennifer Kuzma, Fred Gould, Emma Frow, Caroline Leitschuh, and Jayce
Sudweeks. 2018. Mapping Research and Governance Needs for Gene Drives. Journal
of Responsible Innovation 5 (Suppl. 1): S4–S12.

44 • Governing New Biotechnologies for Biodiversity Conservation

https://www.nepad.org/file-download/download/public/115549
https://www.nepad.org/file-download/download/public/115549
https://targetmalaria.org/open-letter/
http://www.synbiowatch.org/wp-content/uploads/2016/09/letter_vs_genedrives.pdf
http://www.synbiowatch.org/wp-content/uploads/2016/09/letter_vs_genedrives.pdf
http://www.synbiowatch.org/wp-content/uploads/2016/12/CBD-Gene-Drive-Sign-on-Letter-English.pdf
http://www.synbiowatch.org/wp-content/uploads/2016/12/CBD-Gene-Drive-Sign-on-Letter-English.pdf
http://www.synbiowatch.org/wp-content/uploads/2016/12/CBD-Gene-Drive-Sign-on-Letter-English.pdf


Dunning,Hayley. 2018.Mosquitoes That CanCarryMalaria Eliminated in Lab Experiments.
Imperial College London. September 24. Available at: https://www.imperial.ac.uk/
news/188291/mosquitoes-that-carry-malaria-eliminated-experiments/, last accessed
May 10, 2020.

Earth Negotiations Bulletin. 2016. Summary of the UN Biodiversity Conference: 2–17
December 2016. 9 (678). Available at: http://enb.iisd.org/vol09/enb09678e.html,
last accessed May 10, 2020.

Earth Negotiations Bulletin. 2018a. 22nd Meeting of the Subsidiary Body on Scientific,
Technical and Technological Advice (SBSTTA 22) and 2nd Meeting of the Subsid-
iary Body on Implementation (SBI 2) of the Convention on Biological Diversity
(CBD), 2–7 and 9–13 July 2018, Montreal, Canada: Summary Highlights of the
Meeting. 9 (710). Available at: http://enb.iisd.org/biodiv/sbstta22-sbi2/, last accessed
May 10, 2020.

Earth Negotiations Bulletin. 2018b. UN Biodiversity Conference Highlights, Sunday, 18
November 2018. 9 (716). Available at: http://enb.iisd.org/biodiv/cop14/enb/, last
accessed May 10, 2020.

Earth Negotiations Bulletin. 2018c. Summary of the UN Biodiversity Conference: 13–29
November 2018. 9 (725). Available at: http://enb.iisd.org/vol09/enb09725e.html,
last accessed May 10, 2020.

Esvelt, Kevin M. 2017. Rules for Sculpting Ecosystems: Gene Drives and Responsive
Science. In Gene Editing, Law, and the Environment: Life Beyond the Human, edited
by Irus Braverman, 35–52. Abingdon, UK: Routledge.

Esvelt, Kevin M., and Neil J. Gemmell. 2017. Conservation Demands Safe Gene Drive.
PLoS Biology 15 (11): e2003850.

ETC Group. 2018. A Call to Protect Food Systems from Genetic Extinction Technology.
Available at: http://www.etcgroup.org/sites/www.etcgroup.org/files/files/etc_
ftfsignonletter113018engweb_1.pdf, last accessed May 10, 2020.

ETC Group and Heinrich Böll Foundation. 2018. Forcing the Farm: How Gene Drive Or-
ganisms Could Entrench Industrial Agriculture and Threaten Food Sovereignty. Available
at: http://www.etcgroup.org/sites/www.etcgroup.org/files/files/etc_hbf_forcing_the_
farm_web.pdf, last accessed May 10, 2020.

George, Dalton R., Todd Kuiken, and Jason A. Delborne. 2019. Articulating “Free, Prior
and Informed Consent” (FPIC) for Engineered Gene Drives. Proceedings of the Royal
Society B 286 (1917): 20191484.

Glover, Barbara, Olalekan Akinbo, Moussa Savadogo, Samuel Timpo, Godwin Lemgo,
Woldeyesus Sinebo, Sunday Akile et al. 2018. Strengthening Regulatory Capacity
for Gene Drives in Africa: Leveraging NEPAD’s Experience in Establishing Regula-
tory Systems for Medicines and GM Crops in Africa. BMC Proceedings 12 (Suppl. 8):
Article 11.

Godwin, John, Megan Serr, S. Kathleen Barnhill-Dilling, Dimitri V. Blondel, Peter R.
Brown, Karl Campbell, Jason Delborne et al. 2019. Rodent Gene Drives for
Conservation: Opportunities and Data Needs. Proceedings of the Royal Society B
286 (1914): 20191606.

Hayes, Keith R., Geoffrey R. Hosack, Genya V. Dana, Scott D. Foster, Jessica H. Ford, Ron
Thresher, Adrien Ickowicz et al. 2018. Identifying and Detecting Potentially Ad-
verse Ecological Outcomes Associated with the Release of Gene-Drive Modified
Organisms. Journal of Responsible Innovation 5 (Suppl. 1): S139–S158.

Jesse L. Reynolds • 45

https://www.imperial.ac.uk/news/188291/mosquitoes-that-carry-malaria-eliminated-experiments/
https://www.imperial.ac.uk/news/188291/mosquitoes-that-carry-malaria-eliminated-experiments/
http://enb.iisd.org/vol09/enb09678e.html
http://enb.iisd.org/biodiv/sbstta22-sbi2/
http://enb.iisd.org/biodiv/sbstta22-sbi2/
http://enb.iisd.org/biodiv/cop14/enb/
http://enb.iisd.org/biodiv/cop14/enb/
http://enb.iisd.org/vol09/enb09725e.html
http://www.etcgroup.org/sites/www.etcgroup.org/files/files/etc_ftfsignonletter113018engweb_1.pdf
http://www.etcgroup.org/sites/www.etcgroup.org/files/files/etc_ftfsignonletter113018engweb_1.pdf
http://www.etcgroup.org/sites/www.etcgroup.org/files/files/etc_hbf_forcing_the_farm_web.pdf
http://www.etcgroup.org/sites/www.etcgroup.org/files/files/etc_hbf_forcing_the_farm_web.pdf


Hochkirch, Axel, Joscha Beninde, Marietta Fischer, André Krahner, Cosima Lindemann,
Daniela Matenaar, Katja Rohde et al. 2018. License to Kill?—Disease Eradication
Programs May Not Be in Line with the Convention on Biological Diversity. Con-
servation Letters 11 (1): e12370.

Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services. 2018.
Information on Scoping for a Thematic Assessment of Invasive Alien Species and
Their Control (Deliverable 3 (b) (Ii)) (IPBES/6/INF/10). Available at: https://ipbes.
net/sites/default/files/ipbes-6-inf-10_en.pdf, last accessed May 10, 2020.

Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services.
2019. Summary for Policymakers of the Global Assessment Report on Biodiversity and
Ecosystem Services. Bonn, Switzerland: IPBES Secretariat. Available at: https://ipbes.
net/global-assessment-report-biodiversity-ecosystem-services, last accessed May
10, 2020.

International Law Commission. 2001. Draft Articles on Prevention of Transboundary
Harm from Hazardous Activities, with Commentaries. In Report of the International
Law Commission on the Work of Its Fifty-Third Session, UN Doc A/56/10, 148–170.
New York, NY: United Nations.

Island Conservation. n.d. Mission and History. Available at: https://www.islandconservation.
org/mission-and-history/, last accessed May 10, 2020.

Kaebnick, Gregory E., Elizabeth Heitman, James P. Collins, Jason A. Delborne, Wayne G.
Landis, Keegan Sawyer, Lisa A. Taneyhill, and David E. Winickoff. 2016. Precaution
and Governance of Emerging Technologies. Science 354 (6313): 710–711.

Kahn, Jennifer. 2020. Unnatural Selection. New York Times, January 12. Available at:
https://www.nytimes.com/2020/01/08/magazine/gene-drive-mosquitoes.html,
last accessed May 10, 2020.

Kofler, Natalie. 2019. Gene Drives: Yelling Match Drowns Out Marginalized Voices. Na-
ture 565 (7737): 25.

Kolodziejczyk, Bartlomiej, Natalie Kofler, Marianela Araya, James Bull, Jackson Champer,
Chen Liu, and Yongyuth Yuthavong. 2019. Synthetic Biology: Re-engineering the
Environment. In Frontiers 2018/19: Emerging Issues of Environmental Concern, 10–23.
Nairobi, Kenya: United Nations Environment Programme.

Kuiken, Todd. 2017. Vigilante Environmentalism: Are Gene Drives Changing How
We Value and Govern Ecosystems? In Gene Editing, Law, and the Environment:
Life Beyond the Human, edited by Irus Braverman, 95–111. Abingdon, UK:
Routledge.

Kuzma, J., F. Gould, Z. Brown, J. Collins, J. Delborne, E. Frow, K. Esvelt et al. 2018. A
Roadmap for Gene Drives: Using Institutional Analysis and Development to Frame
Research Needs and Governance in a Systems Context. Journal of Responsible Inno-
vation 5 (Suppl. 1): S13–S39.

Mitchell, Paul D., Zachary Brown, and Neil McRoberts. 2018. Economic Issues to Con-
sider for Gene Drives. Journal of Responsible Innovation 5 (Suppl. 1): S180–S202.

National Academies of Sciences, Engineering, and Medicine. 2016. Gene Drives on the
Horizon: Advancing Science, Navigating Uncertainty, and Aligning Research with Public
Values. Washington, DC: National Academies Press.

Noble, Charleston, Ben Adlam, George M. Church, Kevin M. Esvelt, and Martin A. Nowak.
2018. Current CRISPR Gene Drive Systems Are Likely to Be Highly Invasive in Wild
Populations. ELife 7 (June): e33423.

46 • Governing New Biotechnologies for Biodiversity Conservation

https://ipbes.net/sites/default/files/ipbes-6-inf-10_en.pdf
https://ipbes.net/sites/default/files/ipbes-6-inf-10_en.pdf
https://ipbes.net/global-assessment-report-biodiversity-ecosystem-services
https://ipbes.net/global-assessment-report-biodiversity-ecosystem-services
https://www.islandconservation.org/mission-and-history/
https://www.islandconservation.org/mission-and-history/
https://www.nytimes.com/2020/01/08/magazine/gene-drive-mosquitoes.html


Outreach Network for Gene Drive Research. 2018. Open Letter: Research on Gene Drive
Technology Can Benefit Conservation and Public Health. Available at: https://
genedrivenetwork.org/open-letter, last accessed May 10, 2020.

Paarlberg, Robert. 2009. Starved for Science: How Biotechnology Is Being Kept Out of Africa.
Cambridge, MA: Harvard University Press.

Parliamentary Commissioner for the Environment. 2017. Taonga of an Island Nation:
Saving New Zealand’s Birds. Available at: https://www.pce.parliament.nz/
publications/taonga-of-an-island-nation-saving-new-zealands-birds, last accessed
May 10, 2020.

Pellizzoni, Luigi, and Marja Ylönen. 2008. Responsibility in Uncertain Times: An Insti-
tutional Perspective on Precaution. Global Environmental Politics 8 (3): 51–73.

Pollack, M. A., and G. C. Shaffer. 2009. When Cooperation Fails: The International Law and
Politics of Genetically Modified Foods. Oxford, UK: Oxford University Press.

Raban, Robyn R., John M. Marshall, and Omar S. Akbari. 2020. Progress Towards Engi-
neering Gene Drives for Population Control. Journal of Experimental Biology 223
(Suppl. 1): jeb.208181.

Redford, Kent H., Thomas M. Brooks, Nicholas B. W. Macfarlane, and Jonathan S. Adams,
editors. 2019. Genetic Frontiers for Conservation: An Assessment of Synthetic Biology and
Biodiversity Conservation. Gland, Switzerland: IUCN.

Reynolds, Jesse L. 2019. The Governance of Solar Geoengineering: Managing Climate Change
in the Anthropocene. Cambridge, UK: Cambridge University Press.

Roberts, Andrew, Paulo Paes de Andrade, Fredros Okumu, Hector Quemada, Moussa
Savadogo, Jerome Amir Singh, and Stephanie James. 2017. Results from the Work-
shop “Problem Formulation for the Use of Gene Drive in Mosquitoes”. American
Journal of Tropical Medicine and Hygiene 96 (3): 530–533.

Robertson, Hugh A., Karen Baird, John E. Dowding, Graeme P. Elliott, Rodney A.
Hitchmough, Colin M. Miskelly, Nikki McArthur et al. 2017. Conservation Status of
New Zealand Birds, 2016. Wellington, New Zealand: Department of Conservation.

Rode,NicolasO., ArnaudEstoup,Denis Bourguet, VirginieCourtier-Orgogozo, and Florence
Débarre. 2019. Population Management Using Gene Drive: Molecular Design,
Models of Spread Dynamics and Assessment of Ecological Risks. Conservation Genetics
20: 671–690.

Royal Society. 2018. Gene Drive Research: Why It Matters. Available at: https://royalsociety.
org/-/media/policy/Publications/2018/08-11-18-gene-drive-statement.pdf, last
accessed May 10, 2020.

Royal Society Te Apārangi Gene Editing Panel. 2017. The Use of Gene Editing to Create
Gene Drives for Pest Control in New Zealand. Available at: https://royalsociety.org.
nz/assets/Uploads/Gene-editing-in-pest-control-technical-paper.pdf, last accessed
May 10, 2020.

Rudenko, Larisa, Megan J. Palmer, and Kenneth Oye. 2018. Considerations for the Gov-
ernance of Gene Drive Organisms. Pathogens and Global Health 112 (4): 162–181.

Sandler, Ronald. 2017. Gene Drives and Species Conservation: An Ethical Analysis. In
Gene Editing, Law, and the Environment, edited by Irus Braverman, 38–53. Abingdon,
UK: Routledge.

Secretariat of the Convention on Biological Diversity. 2015. Synthetic Biology. Technical
Series 82. Montreal, Canada: Secretariat of the Convention on Biological Diversity.

Slovic, Paul. 2000. The Perception of Risk. Abingdon, UK: Routledge.

Jesse L. Reynolds • 47

https://genedrivenetwork.org/open-letter
https://genedrivenetwork.org/open-letter
https://www.pce.parliament.nz/publications/taonga-of-an-island-nation-saving-new-zealands-birds
https://www.pce.parliament.nz/publications/taonga-of-an-island-nation-saving-new-zealands-birds
https://royalsociety.org/-/media/policy/Publications/2018/08-11-18-gene-drive-statement.pdf
https://royalsociety.org/-/media/policy/Publications/2018/08-11-18-gene-drive-statement.pdf
https://royalsociety.org/-/media/policy/Publications/2018/08-11-18-gene-drive-statement.pdf
https://royalsociety.org.nz/assets/Uploads/Gene-editing-in-pest-control-technical-paper.pdf
https://royalsociety.org.nz/assets/Uploads/Gene-editing-in-pest-control-technical-paper.pdf
https://royalsociety.org.nz/assets/Uploads/Gene-editing-in-pest-control-technical-paper.pdf


Vogel, D. 2012. The Politics of Precaution: Regulating Health, Safety, and Environmental Risks
in Europe and the United States. Princeton, NJ: Princeton University Press.

World Health Organization. 2014. Guidance Framework for Testing of Genetically Modified
Mosquitoes. Geneva, Switzerland: World Health Organization.

World HealthOrganization. 2017. FifthMeeting of the Vector Control Advisory Group, Geneva,
Switzerland, 2–4November 2016.WHO/HTM/NTD/VEM/2017.02.Geneva, Switzerland:
World Health Organization.

World Health Organization. n.d. Disease Burden and Mortality Estimates, Cause-Specific
Mortality, 2000–2016. Available at: http://www.who.int/healthinfo/global_burden_
disease/estimates/en/, last accessed May 10, 2020.

48 • Governing New Biotechnologies for Biodiversity Conservation

http://www.who.int/healthinfo/global_burden_disease/estimates/en/
http://www.who.int/healthinfo/global_burden_disease/estimates/en/
http://www.who.int/healthinfo/global_burden_disease/estimates/en/

