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Recent advances in genomics have increased our understanding of geographic patterns of intraspecific variation and the importance of this
variation in enhancing species’ potential to adapt to novel threats. However, as part of an effort to limit the scope of the Endangered Species
Act (ESA), the US government has proposed the removal of the gray wolf from the list of protected species on the basis of a claim that the
statute permits a species to be declared recovered given the existence of a single presently secure population. We rebut this interpretation and
propose a framework for the conservation of adaptive potential that builds on current agency practice in delineating subspecific recovery units
and reconciles the definition of significance in the statute’s “distinct population segment” and “significant portion of range” clauses. Such a
coordinated policy would enhance the ESA’s effectiveness in stemming loss of biodiversity in the face of climate change and other factors altering
Earth’s ecosystems.
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A

lthough the US Endangered Species Act (ESA; 16
U.S.C. §§ 1531–44) is among the world’s most
influential biodiversity protection statutes, key aspects
of how the law should be implemented remain contested.
A central issue involves the appropriate level of ambition
for recovery of formerly widely distributed species such
as the North American gray wolf (Canis lupus; figure 1;
Enzler and Bruskotter 2009, Carroll et al. 2010). If the
ESA aims only to prevent the complete extinction of a
species, is the existence of a single secure population sufficient to declare a species recovered? Alternately, does a
species need to achieve recovery in all or a majority of its
historical range before it can be removed (delisted) from
the list of protected species? If the purpose of the statute
lies somewhere between these bounds, how can appropriate recovery goals be established? These questions
resonate beyond the US context because they address
how best to conserve variation below the level of the
taxonomic groupings (species and subspecies) typically
acknowledged in conservation statutes of other nations

(Laikre et al. 2016, vonHoldt et al. 2018, Hendricks et al.
2019a).
Although Congress and federal agencies have long
recognized the importance of conserving intraspecific
variation, recent agency actions, exemplified by a 2019
proposal to delist the gray wolf (84 FR 9648), suggest a
shift away from biologically informed policy (Lambert
2019). In this Forum, we use the 2019 delisting proposal
to demonstrate that recent inconsistent implementation
of the ESA’s mandate for the conservation of intraspecific
variation undermines the conservation outcomes intended
by Congress. We propose a more consistent and transparent
framework that coordinates the two elements of the ESA
that authorize the conservation of intraspecific variation: the
distinct population segment (DPS; see supplemental table S1
for a definition of terms) and significant portion of range
(SPR) clauses, while building on current agency guidance
for delineating subspecific recovery units. Rather than
representing a detailed policy proposal or a comprehensive
review of case law in the present article, we synthesize
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information from the fields of conservation genetics,
wildlife ecology, and endangered species law to advance the
discussion and resolution of conceptual issues regarding the
conservation of intraspecific variation under the ESA.
Why is conservation of intraspecific variation
important?
Why would a statute designed to protect the nation’s biodiversity, such as the ESA, mandate the conservation of multiple populations of widely distributed species rather than a
museum piece approach (Vucetich and Nelson 2014) based
on preserving a single narrowly distributed population? The
ESA’s preamble mentions an array of “esthetic, ecological,
educational, historical, recreational, and scientific” benefits
provided by maintaining a species presence throughout
substantial proportions of its range (Carroll et al. 2010,
Nelson et al. 2016). Science also increasingly supports the
conclusion that preserving multiple populations furthers
conservation efforts by enhancing adaptive potential, the
genetic variability that allows species to adapt in the face of
climate change and other factors altering Earth’s ecosystems
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(Funk et al. 2019). The conservation of multiple genetically
distinct ecotypes (i.e., populations adapted to a particular
habitat) in a metapopulation structure across a species’s
range enhances metapopulation connectivity and allows
gene flow and the exchange of adaptive variants among
populations, enhancing the adaptive potential of the metapopulation as a whole (Crandall et al. 2000, Hoffmann and
Sgro 2011, Hamilton and Miller 2015, vonHoldt et al. 2018,
Hendricks et al. 2019a).
Quantitative models have been developed to predict
how gene flow among populations enhances adaptive
potential and reduces extinction risk in species experiencing
environmental shifts because of climate change or other
factors (Funk et al. 2019, Razgour et al. 2019). In addition, the
conservation of adaptive potential has long been recognized
as forming part of “an ethical imperative to provide for the
continuation of evolutionary processes” (Soulé 1985), with
value extending beyond its immediate role in lowering
extinction risk over the relatively short time horizons
typically considered in population viability analyses (Wolf
et al. 2015).
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Figure 1. Map of regional assessment units used in the 2008–2011 national wolf strategy process (Runge 2011). Current
estimates of population numbers in each assessment unit (USFWS 2019) are given in parentheses and are approximate
particularly in two units (Western Great Lakes and Northern Rocky Mountains) with recent changes in census methods.
Wolf packs in Washington and Oregon are divided between the Pacific Northwest and Northern Rocky Mountain
assessment units, with most falling within the latter unit. Distribution of potential core habitat is as delineated by CBD
and HSUS (2018) based on published regional habitat models. Many areas of potential core habitat currently lack
wolves, and many areas of historical range outside of core habitat could be inhabited by wolves given sufficiently low
anthropogenic mortality.
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Service [NMFS]) finalized a policy that
evaluates a population’s “discreteness”
and “significance” to its taxon in order to
decide whether the population qualifies
for protection as a DPS (61 FR 4722;
figure 2). Similar frameworks based
on discreteness and significance were
subsequently adopted outside of the
United States, such as in Canada’s policy
for identifying designatable units within
species and subspecies (COSEWIC
2018).
The DPS policy’s factors for
determining what constitutes a
significant population include evidence
that the population persists in a unique
ecological setting, that the loss of the
population would result in a significant
gap in the range of the taxon, that the
population represents the only surviving
natural occurrence of a taxon that
may exist as an introduced population
outside its historical range, and that
the population’s genetic characteristics
differ markedly from those of other
populations (Waples et al. 2018).
Discreteness requires either marked
separation from other populations of
the same taxon as a consequence of
physical, physiological, ecological, or
behavioral factors or delimitation by
Figure 2. Flow diagram illustrating the proposed framework for designation of
international governmental boundaries
intraspecific conservation units under the US Endangered Species Act (ESA).
with important differences in
Gray filled boxes represent decision steps currently taken when the Services
management or conservation status (61
evaluate whether a population constitutes a distinct population segment
FR 4722). Recognizing that population
(DPS), a designation that the ESA limits to vertebrate species. Dashed boxes
connectivity rates fall along a continuum,
represented decision steps taken under the proposed “significant portion of
the DPS policy’s standard for a discrete
range” (SPR) policy. Definitions of significance under the DPS and proposed
population requires “marked” rather
SPR policy would be substantially similar but may diverge in emphasis as was
than complete separation (61 FR 4722).
described in the text.
For example, NMFS identifies distinct
populations for salmonid species even
Conservation of intraspecific variation via the ESA’s
though a small proportion of returning fish will reproduce
distinct population segment clause
within adjacent regions rather than the natal population
Although the ESA predates the modern genetics research
(Waples 2006).
described above, lawmakers indicated their support for
conserving intraspecific variation via the act’s DPS and
Recolonizing species and hybridizing lineages
SPR clauses. Initially, almost all ESA listings were of entire
pose challenges for delineating intraspecific
species and subspecies, although the act did include lanconservation units
guage allowing listings of “any other group… in common
A large proportion of litigation concerning conservation of
spatial arrangement that interbreed when mature.” In 1978,
intraspecific variation under the ESA (table 1) relates to gray
Congress clarified the law to allow listing of “distinct
wolf delisting. This is due not only to the fraught politics
population segments” (DPS) of vertebrate species (16 U.S.C.
surrounding this species but also to aspects of its distribu§1532(3.16)), although lawmakers directed that DPS desigtion and systematics. Defining intraspecific conservation
nation be used “sparingly.”
units for species such as the wolf that have been extirpated
In 1996, the Services (the US Fish and Wildlife Service
from the majority of their historical range is more complex
[FWS] and its counterpart, the National Marine Fisheries
than for species that are declining but remain extant across
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Table 1. A timeline of gray wolf listing and delisting related actions.
Action

Conservation unit

Reference

1967

C. l. lycaon listed.

Subspecies

32 FR 4001, 11 March 1967

1973

C. l. irremotus listed.

Subspecies

38 FR 14678, 4 June 1973

1974

C. l. lycaon listed.

Subspecies

39 FR 1171, 4 January 1974

1976

C. l. baileyi listed as Endangered.

Subspecies

41 FR 17736, 28 April 1976

1976

C. l. monstrabilis listed as Endangered.

Subspecies

41 FR 24064, 14 June 1976

1978

C. lupus in lower 48 United States (except
Minnesota) and Mexico reclassified as Endangered.

Species

43 FR 9607, 9 March 1978

1978

C. lupus in Minnesota reclassified as Threatened.

State population

43 FR 9607, 9 March 1978

2003

C. lupus Eastern, Western, and Southwestern DPS
designated and reclassified.

DPS

68 FR 15804, 1 April 2003

2005

C. lupus DPS Rule vacated.

DPS

Defenders of Wildlife v. Norton, 354 F. Supp. 2d 1156
(D. Or. 2005); National Wildlife Federation v. Norton,
386 F. Supp. 2d 553 (D. Vt. 2005)

2007

C. lupus WGL DPS designated and delisted.

DPS

72 FR 6052, 8 February 2007

2008

C. lupus WGL delisting rule vacated.

DPS

Humane Society of the United States v. Kempthorne,
579 F. Supp. 2d 7 (D.D.C. 2008)

2008

C. lupus NRM DPS designated and delisted.

DPS

73 FR 10514, 27 February 2008

2008

C. lupus NRM Rule vacated.

DPS

Defenders of Wildlife v. Hall, 565 F. Supp. 2d 1160
(D. Mont. 2008)

2008

Protections for C. lupus WGL and NRM DPS
reinstated.

DPS

73 FR 75356, 11 December 2008

2009

C. lupus WGL DPS designated and delisted.

DPS

74 FR 15070, 2 April 2009

2009

C. lupus WGL DPS delisting rule vacated.

DPS

Humane Society of the United States v. Salazar,
1:09–CV–1092–PLF (D.D.C. 2009)

2009

C. lupus NRM DPS (except Wyoming) designated and
delisted.

DPS

74 FR 15123, 2 April 2009.

2009

Protections for C. lupus WGL DPS reinstated.

DPS

74 FR 47483, 16 September 2009

2010

C. lupus NRM DPS delisting rule vacated.

DPS

Defenders of Wildlife v. Salazar, 729 F. Supp. 2d 1207
(D. Mont. 2010)

2010

Protections for C. lupus NRM DPS reinstated.

DPS

75 FR 65574, 26 October 2010

2011

C. lupus NRM DPS delisted by Congress.

DPS

Public Law 112–10 and 76 FR 25590, May 5, 2011

2011

C. lupus WGL DPS designated and delisted.

DPS

76 FR 81666, 28 December 2011

2012

C. lupus in Wyoming delisted.

State population

77 FR 55530, 10 September 2012

2014

C. lupus WGL DPS delisting rule vacated.

DPS

Humane Society of the US v. Jewell, 76 F. Supp. 3d 69,
110 (D.D.C. 2014)

2014–
2017

C. lupus Wyoming delisting rule vacated but
reinstated on appeal.

State population

Defenders of Wildlife v. Jewell, 68 F. Supp. 3d 193
(D.D.C. 2014), Defenders of Wildlife v. Zinke, 849 F.3d
1077 (D.C. Cir. 2017)

2013

Delisting of C. lupus in lower 48 United States
(except NRM and WGL DPS) and Mexico proposed.

Species

78 FR 35664, 13 June 2013

2015

C. l. baileyi listed as endangered.

Subspecies

80 FR 2488 and 80 FR 2512, 16 January 2015

2015

Protections for C. lupus WGL DPS and C. lupus in
Wyoming reinstated.

State population

80 FR 9218, 20 February 2015

2017

Delisting of C. lupus in Wyoming reinstated.

State population

82 FR 20284, 1 May 2017

2019

C. lupus delisting in lower 48 United States (except
NRM DPS and C. l. baileyi) and Mexico proposed.

Species

84 FR 9648, 15 March 2019

Source: Adapted from 2019 proposed delisting rule (84 FR 9648). Abbreviations: DPS, Distinct Population Segment; NRM, Northern Rocky
Mountains; WGL, Western Great Lakes.

their historical range. The range of a species is inherently
difficult to define, being contingent on timeframe as well as
spatial scale (Gaston and Fuller 2009). For example, when
the FWS initially proposed to delist the gray wolf in 2013,
no breeding pairs of wolves existed in California, and therefore, under the Services’ definition, the state was not within
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Year

the species’s range (78 FR 35664). However, by the time of
the 2019 proposal, at least one breeding pair was known
to inhabit California, and the FWS considered the state as
within the species’s range (84 FR 9653).
The conservation of such small recolonizing populations
is important in part because their genetic composition can
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Conservation of intraspecific variation via the ESA’s
significant portion of range clause
Lawmakers also included within the ESA a second clause
supporting the conservation of intraspecific variation, which
has proved more challenging for the Services to implement
than was the DPS clause. The ESA of 1973 differed from two
previous versions of the law (P.L. 89–669 [1966], P. L. 91–135
[1969]) in recognizing that endangerment has a geographic
component and in extending legal protections to species “at
risk of extinction throughout all or a significant portion of
its range” (16 U.S.C. §1532(3.6)). The SPR clause suggests
that Congress intended that managers interpret the concept
of endangerment more broadly than an entire species facing
the risk of extinction (Wolf et al. 2015). From this perspective, recovery requires not only that a species exist but also
that it be present across all “significant” portions of its range
(Carroll et al. 2010).
The ambiguity of the ESA’s SPR clause, coupled with
ongoing controversy concerning the geographic component
of recovery under the statute, have led to numerous legal
challenges to delisting proposals (table 1). Two related
themes have emerged from the series of SPR-related court
https://academic.oup.com/bioscience
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decisions, many of which involved the gray wolf. The first
revolves around the meaning of the term range in the SPR
clause. The courts, although deferring to the Services’ desire
to interpret the term range as indicating current rather than
historical range, have nonetheless required the agency to
consider loss of historical range when assessing a species’s
viability (Enzler and Bruskotter 2009, Humane Society v.
Zinke, 865 F. 3d 585 [2017]).
Second, in several decisions stretching over two decades
(from Defenders of Wildlife v. Norton, 258 F. 3d 1136 [2001]
to Center for Biological Diversity v. Everson, 1:15-cv-00477
[2020]), the courts have concluded that the Services must
interpret the term significant in the SPR clause in such a
way that it is not rendered duplicative; that is, a species
in peril throughout all of its range must somehow differ
from a species in danger of extinction throughout just
a significant portion of its range (Enzler and Bruskotter
2009). Although the Services have made multiple attempts
to establish policy defining SPR, several court decisions have
concluded that the most recent (2014) SPR policy (79 FR
37577), like previous efforts, runs counter to congressional
intent (Humane Society of the United States v. Jewell, Case
No. 13–186 [2014]), and the policy has been vacated
nationwide (Desert Survivors v. US Dept. of the Interior,
231 F. Supp. 3d 368 [2017]). The courts concluded that the
2014 policy did not distinguish between a species at risk in
a SPR and one at risk throughout its range, because it made
SPR status contingent on a conclusion that extirpation of a
regional population would place the entire species at risk of
endangerment in the relatively short timeframe represented
by the Services’ definition of the “foreseeable future.”
Recovery units as a tool for conserving intraspecific
variation
The Services have also developed guidance for delineating
“recovery units” as an additional tool for conserving intraspecific variation. A recovery unit is “a special unit of the
listed entity that is geographically or otherwise identifiable
and is essential to the recovery of the entire listed entity,
i.e., recovery units are individually necessary to conserve
genetic robustness, demographic robustness, important life
history stages, or some other feature necessary for long-term
sustainability of the entire listed entity” (NMFS 2018). The
Services often evaluate whether a regional population merits
recovery unit status on the basis of whether it contributes to
a species’s resiliency, redundancy, and representation (Evans
et al. 2020 [preprint] doi:10.1101/2020.03.15.991174). These
3R criteria suggest that a species, to be considered recovered, should be present in many large populations arrayed
across a range of ecological settings (Shaffer and Stein 2000).
Recovery units are especially appropriate “for species occurring across wide ranges with multiple populations or varying ecological pressures in different parts of their range,” for
“ensuring conservation of the breadth of a species’s genetic
variability… necessary to provide adaptive flexibility,” “reestablishing historical or maintaining current genetic flow,”
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diverge rapidly from that of the source population, given
the small number of founders. This divergence provides a
rapid mechanism for novel and potentially adaptive genetic
variants to originate and be acted on by natural selection.
An example in North American wolves is provided by
the historic spread of the allele controlling black coat
color, which correlates with enhanced fitness during canine
disease outbreaks (Schweizer et al. 2018).
In addition, canids such as the gray wolf can hybridize
and form extensive zones of intergradation, which poses
challenges for policies that involve assigning subspecies and
genetic groupings to disjunct geographic areas (Leonard
et al. 2005, vonHoldt et al. 2011). For example, the Great
Lakes wolf population—on which the 2019 delisting rule
depends for its claim that the gray wolf is recovered—is
an admixture with contributions from up to three canid
species (C. lupus, Canis latrans, and putative Canis lycaon;
Heppenheimer et al. 2018).
Although the conservation of intergradation zones is
important for maintaining adaptive potential (Leonard et al.
2005), populations in these areas may not meet the DPS
policy’s standard for discreteness (i.e., marked geographic or
genetic separation). Recent genetic research has concluded
that evolutionary relationships in canids and some other
taxa resemble a web of life because of historical and possibly
ongoing genetic exchange, rather than a tree of life defined
by reproductive isolation (vonHoldt et al. 2018), implying
that the discreteness standards in the DPS policy may not be
well suited for protecting admixed populations important
to the overall taxon. Such genomic admixture can be a rich
source of beneficial alleles, which quickly boost genetic
variation in recently bottlenecked populations (vonHoldt
et al. 2018).
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Toward a consistent and effective framework for
conserving intraspecific variation under the ESA
The current implementation of the ESA falls short in protecting intraspecific variation when faced with ecological
and genetic complexities such as those described above. A
more integrated approach to evaluating potential DPS and
SPR can help overcome these challenges and prevent species such as the gray wolf from falling through the cracks.
At first glance, the context of how significant is used in the
SPR clause differs from how the term is used in the DPS
policy. In the case of SPR, significance refers to a geographic
area inhabited by a population (i.e., its range), whereas in
the case of DPS, it refers to characteristics of the population
itself. However, insights from landscape genetics, which
maps population characteristics to environmental features,
could allow the Services to interpret the term significant in a
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more consistent manner in relation to both the DPS policy
and the SPR clause.
We propose a framework under which the relevant
Service would consider both geography and genetics in
assessing whether a population is in danger of extinction
or likely to become endangered in the foreseeable future
in a “significant” portion of its range. Figure 2 shows the
decision tree that the framework envisions. If the Services
were assessing a species that appeared to be under threat
in only a portion of its range, but the species either was
not a vertebrate or did not show marked isolation (i.e.,
discreteness), they would consider both of the following
factors in assessing whether that portion of the species’s
range is significant: a) the geographic extent of the area in
which the population is imperiled, compared with both
the species’s current and historical distributions and b)
the current or potential future genetic distinctiveness and
adaptive potential of the imperiled population.
This means of incorporating genetics into the assessment
of SPR is also consistent with the DPS policy’s consideration
of a population segment’s genetic characteristics compared
with the species as a whole in assessing whether the
population is “significant.” Such an approach in the context
of assessing SPR would resemble current guidance on
identifying recovery units (NMFS 2018) but would establish
a consistent science-based policy linked to delisting rather
than an ad hoc application of recovery guidance. By
encompassing geography as well as genetics, this analytical
approach allows the Services to also consider the range of
“esthetic, ecological, educational, historical, recreational, and
scientific” benefits cited in the ESA as provided by a species’s
presence across its range (Carroll et al. 2010). We consider
in supplement S1 the related question of what regulatory
actions follow if the Services find a species endangered or
threatened within only a significant portion of its range.
Even if recolonizing populations of formerly widely
distributed species have not yet diverged genetically, their
significance can be evaluated in a forward-looking manner
as contingent on a degree of differentiation great enough
for evolutionarily important contrasts to accumulate in
the future (Waples 2006). Bowen (1998) coined the term
geminate evolutionary unit to describe a regional population
that shows morphological, behavioral, or biogeographical
differentiation but does not yet show genetic divergence at
neutral loci. Such a population can be considered significant
on the basis of its ability to contribute to future evolutionary
potential—for example, because of colonization of a new
habitat (e.g., as defined by ecoregions or climatic zones) with
novel selective pressures. For example, the North Cascades
region of Washington State, which may currently contain
only transient grizzly bears, has nonetheless been the object
of substantial recovery planning efforts in part because it
represents a unique ecological and evolutionary context for
the species within the contiguous United States (USFWS and
NPS 2017).
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and “encompassing current and historical population and
habitat distributions” (NMFS 2018). The clause “necessary
for long-term sustainability” is not strictly defined in the
context of recovery unit designation. Nonetheless, unlike the
invalid definition of SPR used in the Services’ 2014 policy, it
is clearly distinct from the threshold used to judge whether a
species is at risk of extinction throughout its range.
Although the existing recovery unit guidance provides a tool
for conserving intraspecific variation, several shortcomings
in its current implementation limit its effectiveness. The
delineation of recovery units is discretionary, representing
only about 2% of ESA-listed species, and is biased toward
specific taxonomic groups (Evans et al. 2020 [preprint]
doi:10.1101/2020.03.15.991174). Although the recovery unit
guidance for defining intraspecific variants is relevant to
defining SPR, the Services have not linked recovery units
to the courts’ requirement that the agencies consider SPR
in listing and delisting decisions. Although the recovery
guidance states that “some recovery units may qualify as a
DPS,” there is no clear decision tree to help planners decide
which option to select (NMFS 2018). In theory, recovery
units should inform consultations under the ESA’s section 7
regarding whether an action by another federal agency places
a species in jeopardy, but this frequently does not occur
(Evans et al. 2020 [preprint] doi:10.1101/2020.03.15.991174).
The wolf example detailed below, in which the FWS
proposed to delist a widely distributed species on the basis of
the recovery of a single population (a proposal at odds with the
practice for other species), reinforces the conclusion of Evans
and colleagues ([preprint] doi:10.1101/2020.03.15.991174)
as to the “need for standardized practice regarding the use
of recovery units” (see box 1). We propose that explicitly
linking the delineation of intraspecific conservation units
to the ESA’s SPR mandate would increase consistency,
limit the broad discretion (and consequent opportunity
for inappropriate political influence) that characterizes the
Services’ current approach, and provide the foundation of an
SPR policy that could withstand judicial review.
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Box 1. Distinguishing significant units within a species’ distribution.

Figure 3. Examples of consideration of the significance of portions of a species’s range in terms of their contributions
to the species’s adaptive potential: (a) the recovery plan for the Northern Spotted Owl (USFWS 2011) designated
11 recovery units on the basis of the physiographic provinces found within the species’s distribution; (b) the status
assessment for the rusty-patched bumblebee (Szymanski et al. 2016a) projected the number of representation units the
species would inhabit under contrasting management scenarios; (c) the status assessment for the eastern massasauga
rattlesnake (Szymanski et al. 2016b) identified three genetically distinct regional units needed to maintain the
adaptive potential of the species; and (d) Schweizer and colleagues (2016) delineated six significant ecotypes for
wolves inhabiting Canada and Alaska on the basis of associations between genetic clusters and 12 environmental
variables. Source: (a–c) USFWS, (d) Rena Schweizer.
https://academic.oup.com/bioscience
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Federal agencies have employed a variety of approaches to identify intraspecific conservation units on the basis of how they contribute to a species’s intraspecific variation and adaptive potential (Funk et al. 2019). Recovery units are often delineated on the basis of
general ecosystem or habitat boundaries that are hypothesized to be relevant to adaptive variation in the species. The recovery plan for
the northern spotted owl (Strix occidentalis caurina) designated 11 recovery units on the basis of the physiographic provinces found
within the species’s distribution (figure 3a; USFWS 2011). For species whose distribution has contracted, planners may consider the
breadth of ecoregions encompassed by their historic distribution. The status assessment for the rusty-patched bumblebee (Bombus
affinis) evaluated current and historical representation of the species in all ecoregions within its historical range, and projected the
number of “representation units” (a surrogate for adaptive potential) that the species would inhabit under contrasting management
scenarios (figure 3b; Szymanski et al. 2016a). Units can alternately be delineated on the basis of genetic data when such information
is sufficient. In its status assessment of the eastern massasauga rattlesnake (Sistrurus catenatus), the FWS identified three genetically
distinct regional units needed to maintain the adaptive potential of the species (figure 3c; Szymanski et al. 2016b).
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Box 1. Continued.
Although many examples of delineating subspecific units are based solely on either genetic analysis or habitat discontinuities, stronger
inferences can be drawn by using environmental data in combination with genetic information (Funk et al. 2012, Hendricks et al.
2019a). Landscape genomics techniques, such as selection tests and genotype-by-environment associations, provide powerful methods for distinguishing significant adaptive variants and ecotypes on the basis of the degree of adaptive differentiation between them
(Carmichael et al. 2007, vonHoldt et al. 2011, Funk et al. 2012, Schweizer et al. 2016, Hendricks et al. 2019a).

The question remains as to how finely to divide a species’s range—that is, how to discern “significant” intraspecific adaptive variants.
DPS designation has been criticized as being partially subjective because there is no universally accepted threshold for the level of
differentiation that confers evolutionary significance (Waples 1995). Although this criticism necessarily extends to identification of
potential SPR, model selection metrics such as the Deviance Information Criterion (Gao et al. 2011) are frequently used to determine
the best-supported number of clusters or subunits within a sample on the basis of genetic and environmental data. As Winker (2010)
states, “the process of diagnosing states that exist along a continuum of differentiation can be difficult and contentious and necessarily
has some arbitrariness; professional standards can be developed so that such diagnoses are objective.”

The elements we propose the Services consider in
identifying a “significant” portion of a species’s range are
also identified in the DPS policy as relevant to assessing a
discrete population’s significance. Therefore, it is feasible
to coordinate the definitions of significance in the DPS
and SPR policies. For example, recognition of evolutionary
potential and the importance of geography are inherent in
the DPS policy’s consideration of the significance of unique
ecological settings and potential gaps in a species’s range
created by the loss of a population, respectively. However,
our framework (figure 2) allows for differences in emphasis
and implementation to remain between the DPS and SPR
policies’ definitions of significance. In addition, although
existing guidance regarding recovery units informs our
proposed SPR definition, the Services could retain the
flexibility to identify recovery units for the purposes of
recovery planning and implementation, even if such units
were not identified as SPR.
Gray wolf listing and delisting demonstrates the
need for a consistent approach to conserving
intraspecific variation
The several subspecies of North American gray wolf were
among the earliest taxa listed as endangered under the ESA.
The FWS shifted in 1978 to listing the wolf at the species
level, except the Mexican wolf subspecies (Canis lupus
baileyi), which remains listed separately (43 FR 9610). As
wolf population numbers increased under ESA protection,
the FWS repeatedly sought to remove some or all of the
US population from the list of endangered and threatened
species, only to be blocked by the courts in at least nine
separate decisions since 2005 (table 1). The successive wolf
8 BioScience • XXXX XXXX / Vol. XX No. X
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delisting proposals have been characterized by scientific as
well as legal controversy. The FWS withdrew a 2013 delisting
proposal after a panel of scientific peer reviewers found
flaws in the agency’s taxonomic analysis (NCEAS 2014).
A panel of invited scientific peer reviewers (including two
of the present authors, CC and AT) also found significant
shortcomings in the 2019 delisting proposal (Atkins 2019).
A notable feature of the successive delisting proposals is
that they have varied widely in how they defined appropriate
gray wolf conservation units, ranging from a focus on
C. lupus as a whole to a focus on one or more DPS or
populations inhabiting individual states (table 1). The most
recent (2019) delisting proposal asserted that gray wolves in
the contiguous United States (except for the separately listed
C. l. baileyi) no longer merit ESA protection, on the basis of
the premise that the agency can delist a species when a single
regional population (in this case wolves inhabiting the Great
Lakes states; figure 1) has recovered to a status the agency
deems presently secure (84 FR 9683).
The roughly 4000 wolves estimated to inhabit the Great
Lakes region constitute approximately two-thirds of the
total population currently inhabiting the contiguous United
States (figure 1). But is total population the only relevant
metric for assessing the conservation status of a species?
The Great Lakes population occupies only 3 of the at least
17 states within the species’s historical range that hold
substantial areas of habitat (figure 1). The approximately
2000 wolves inhabiting the Northern Rocky Mountain
(NRM) region form the only other large regional population
within the contiguous Untied States (figure 1). Because the
US Congress passed legislation (Pub. L. No. 112-10, § 1713,
125 Stat. 38) removing ESA protections from the NRM
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Schweizer and colleagues (2016) were able to accurately infer the genetic cluster to which a gray wolf belonged on the basis of the
habitat type (as defined by 12 environmental variables) where it was collected, allowing the delineation of six significant ecotypes for
wolves inhabiting Canada and Alaska (figure 3d). Hendricks and colleagues (2019b) similarly used a maximum entropy approach to
model distinct coastal and interior environmental niches for wolves in the US Pacific Northwest. The most relevant type of genetic
information may differ when delineating DPS versus SPR. Intraspecific conservation units such as DPS, whose genetics have been
shaped by both historical isolation (i.e., discreteness) and adaptive processes, can be delineated using both neutral loci and loci under
selection (Funk et al. 2012). Other less-isolated but significant subunits of species (SPR) can be delineated primarily using loci that
exhibit signatures of divergent selection (Funk et al. 2012).
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Distinct population segment policy as applied to the
wolf
The highly structured North American wolf population
revealed by genetic analyses has implications for determining whether conservation units below the species level are
appropriate under the ESA (vonHoldt et al. 2011, Hendricks
et al. 2019a). Wolf habitat in the contiguous United States
is discontinuous enough to allow identification of DPS
for some regional populations, despite occasional dispersal between regions (Carroll et al. 2006, CBD and HSUS
2018). For example, the FWS itself concluded in 2007
that despite “occasional individual wolves or packs [that]
disperse among populations,” Northern Rocky Mountain
https://academic.oup.com/bioscience
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wolves were markedly separated from other regional wolf
populations (73 FR 10519).
In 2008, the FWS embarked on an effort to develop a
comprehensive national strategy for gray wolf conservation
by identifying appropriate wolf listing units within the
broader continental distribution of the species (76 FR
26086). This national strategy was necessary because earlier
proposals to remove protections for individual regional
wolf populations by piecemeal designation and delisting of
a single DPS within the larger range had been rejected by
the courts (table 1; Alexander 2010). Five assessment units,
including several potential DPS, were identified throughout
the contiguous United States (figure 1). Although this
closed-door process involving federal and state agencies
lacked the inclusivity and scientific guidelines typical of
recovery teams (PEER 2013), it nonetheless attempted (but
never finalized) a comprehensive analysis of what recovery
efforts might be appropriate in the different regions that
include habitat for the species (Runge 2011).
In contrast, the 2019 proposed delisting rule did not
attempt a comprehensive analysis of potential DPS status for
regional populations but instead asserted that no regional
wolf populations meet the DPS policy’s standard for
discreteness because the entire range of the gray wolf in the
contiguous United States constitutes a single metapopulation
(a term used in the rule in the broad sense of subpopulations
linked by immigration and emigration). However, the
Great Lakes and Pacific wolf populations, situated at the
periphery of currently occupied wolf range, are separated
by 1800 kilometers (km), much of which is transformed
by agriculture. Although wolves inhabiting the Northern
Rocky Mountains could provide an intermediate stepping
stone population, any genetic interchange between these
distant groups would necessarily be indirect and attenuated,
allowing substantial genetic divergence (Schweizer et al.
2016).
The FWS has identified DPS for other large mammalian
carnivores such as the grizzly bear (Ursus arctos horribilis)
and does not claim that grizzly bear recovery in one
region renders recovery efforts elsewhere unnecessary.
Connectivity between regional grizzly bear populations, far
from precluding DPS designation, has been judged by the
FWS to be essential to long-term genetic health and recovery
of those populations (82 FR 30502). The degree of genetic
differentiation between regional wolf populations (e.g.,
between the NRM and Great Lakes populations) resembles
that between grizzly bears inhabiting separate DPS in the
Northern Rocky Mountains (vonHoldt et al. 2011, Cronin
and MacNeil 2012).
Because average natal dispersal of male and female wolves
(114 and 78 km; Boyd and Pletscher 1999) is several times
that of male and female grizzly bears (42 and 14 km; Proctor
et al. 2004), several grizzly bear DPS might occur within a
single wolf DPS, as has been the case in the Northern Rocky
Mountains. However, the entire gray wolf distribution in
the contiguous United States cannot be considered a single
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population (the only instance of such legislative delisting
since the ESA’s passage), that population is counterintuitively
not part of the listed entity considered in the 2019 proposal.
By arguing in the 2019 proposal that “wolves that occur
outside the Great Lakes area… are not necessary for the
recovered status of the gray wolf entity” (84 FR 9683),
the FWS took a dramatic step away from its policy at the
time it consolidated wolf subspecies into a single listing in
1978, when the agency offered “the firmest assurance that
it will continue to recognize valid biological subspecies
for purposes of its research and conservation programs”
(43 FR 9610). The FWS’s evolving position on wolf delisting
exemplifies how the agency has moved away from Congress’s
vision of an ESA that protects intraspecific variation toward
a more politically expedient approach predicated on a
misrepresentation of the extent of intraspecific variation
found in most geographically widespread species. For
example, the FWS justified the central premise of the 2019
wolf delisting proposal—that wolf populations outside the
Great Lakes region do not contribute to recovery—to a
large degree on an assertion that the North American wolf
population is genetically unstructured because the wolf ’s
ability to disperse long distances would prevent genetic
variation among subpopulations (84 FR 9685).
The development of high-throughput genotyping methods
over the last decade has enabled an increasingly detailed
analysis of historical and current population structure
of North American wolves (Hendricks et al. 2019a).
Wolf populations are now known to be characterized by
complex genetic clines at several spatial scales, driven by
historical biogeographic factors, isolation by distance, and
association with particular ecosystems (Geffen et al. 2004,
Carmichael et al. 2007, vonHoldt et al. 2011, Schweizer
et al. 2016). Environmental factors related to climate zones
significantly contribute toward genetic isolation by distance
in North American gray wolves, likely through habitat
matching decisions made by dispersers (Geffen et al. 2004).
Environment factors, along with intraspecific competition
for prime territories, resources, and access to reproduction,
result in a nested structuring of genetic variation at both
the continental and regional scales (Carmichael et al. 2007,
vonHoldt et al. 2011, Schweizer et al. 2016).
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Significant portion of range as applied to the wolf
While acknowledging the absence to date of a legally sufficient definition of SPR, the FWS in the 2019 proposed wolf
rule attempted to satisfy future judicial review by evaluating
whether regional populations outside the Great Lakes are
“significant.” To support its claim that recovery of the Great
Lakes population allows the agency to delist wolves throughout the contiguous United States, the FWS concluded that
any currently listed wolf population found outside the Great
Lakes region is not significant “because it is not biologically
important” because of the small size of peripheral populations and the purported lack of genetic differentiation within
the North American wolf population (84 FR 9648). This
conclusion requires both a particularly narrow reading of
the 3R criteria and a misrepresentation of research regarding
wolf genetic population structure.
Under our proposed framework (figure 2), DPS could be
identified for regional wolf populations that showed marked
separation from other populations, whereas wolf populations
inhabiting intergradation zones might instead qualify for
delineation as SPR. The coastal Pacific Northwest (western
Washington and Oregon and northern California; figure 1),
one of the five regions assessed in the 2008 process, provides
an example of a regional wolf population that meets the DPS
discreteness criterion (figure 2). Marked separation can be
established for this regional population as a consequence
of several factors: physical (separation from larger inland
populations by areas of nonhabitat), ecological (occupation
of coastal rainforest ecosystems), genetic (unique genetic
contributions from wolves from coastal British Columbia;
Hendricks et al. 2019b), and an international governmental
boundary separating US populations from coastal wolves
in Canada that have different management status. Once
discreteness has been established, wolves in the Pacific
Northwest could merit significance because of their
persistence in a unique ecological setting, which is used as a
proxy for adaptive genetic differences, as well as the fact that
loss of the population would result in a significant gap in the
range of the taxon (Carroll et al. 2001, Waples et al. 2018).
The Colorado and Utah assessment unit considered in
the 2008 process (figure 1), which historically formed a zone
of intergradation between northern and southwestern wolf
subspecies (Leonard et al. 2005), provides an example of an
area that should be evaluated as a SPR, even if it is found
to not show marked separation from adjacent populations
10 BioScience • XXXX XXXX / Vol. XX No. X
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(figure 2). This region, although currently supporting only
a handful of wolves, represents a valid SPR because it
holds abundant suitable habitat in a unique ecological
setting (based on ecoregions or climate zones) subject to
novel selective pressures (Carroll et al. 2006). Although
we recognize that policy alone cannot ensure against
inappropriate political influence in agency rulemaking, a
coherent approach to DPS and SPR evaluation would be
more likely to withstand litigation than the current ad hoc
approach to wolf delisting, and more likely to result in the
robust conservation outcomes envisioned by the lawmakers
who drafted the ESA.
Conclusions
In 2019, the US federal administration enacted sweeping
changes to regulations interpreting the ESA that limit the
statute’s reach (83 FR 35174, Lambert 2019). The 2019 wolf
delisting proposal forms part of this effort to advance a
minimalist interpretation of the ESA’s mandate, in that its
central premise goes beyond what is necessary to support
wolf delisting and seeks to establish a precedent that the
ESA allows for a narrow view of what constitutes recovery of
widely distributed species. By extending the assumptions of
previous agency policy regarding the significant portion
of range clause to their extreme, the proposed wolf delisting rule highlights the degree to which the conservation
of intraspecific variation is central to ESA implementation
and underlines the need to develop more effective policy
concerning this issue. If applied generally to other species,
the 2019 rule’s approach to ESA implementation would
represent a significant scaling back of recovery efforts for
widely distributed species that would increase both shortterm vulnerability and long-term loss of adaptive potential.
The recovery of formerly widely distributed species such as
the wolf poses practical challenges for delisting and recovery
planning (Treves and Bruskotter 2011). In some instances,
an approach that requires continued federal management of
the species throughout its range until the weakest regional
population is secure may consume scarce conservation
resources. An efficient strategy for recovery of such species
could allow reduction of regulatory protections in regions
that already hold abundant populations while maintaining
protections in other regions that hold small recolonizing
populations. The strategies we propose, based respectively
on DPS and SPR designation, represent complementary
approaches to achieving this flexibility that build on the
Services’ existing standards for evaluating the significance
of regional populations under the DPS policy and recovery
unit guidance. Our proposed approach has relevance beyond
the United States in the context of international regulations
such as the European Union’s Habitats Directive, which
requires member states to achieve “favorable conservation
status” for protected species without clarifying at what scale
this status is to be achieved (Laikre et al. 2016).
When initially defining their resiliency, redundancy and
representation criteria, Shaffer and Stein (2000) noted that
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genetically undifferentiated population, as was proposed in
the 2019 delisting rule. The divergence in application of the
DPS policy to grizzly bears and gray wolves demonstrates
the need for a more consistent application of the DPS policy.
Our proposed framework coordinating the DPS and SPR
policies would not require modification of the existing
DPS policy’s criteria but, rather, their consistent application
even to controversial species such as the wolf, enabled by
strengthened support for scientific integrity from agency
leadership (Carroll et al. 2017).
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Supplementary Information Table S1. Definition of terms.
Distinct Population Segment (DPS) – A subspecific unit eligible for listing as a separate entity
under the US Endangered Species Act. To qualify as a DPS, a population must be both discrete
and significant. A population segment of a vertebrate species may be considered discrete if it
satisfies either one of the following conditions: 1. It is markedly separated from other
populations of the same taxon as a consequence of physical, physiological, ecological, or
behavioral factors. Quantitative measures of genetic or morphological discontinuity may
provide evidence of this separation. 2. It is delimited by international governmental boundaries
within which differences in control of exploitation, management of habitat, conservation
status, or regulatory mechanisms exist that are significant in light of section 4(a)(1)(D) of the
Act. If a population segment is considered discrete under one or more of the above conditions,
its biological and ecological significance will then be considered in light of the discrete
population segment’s importance to the taxon to which it belongs. This consideration may
include, but is not limited to, the following: 1. Persistence of the discrete population segment in
an ecological setting unusual or unique for the taxon, 2. Evidence that loss of the discrete
population segment would result in a significant gap in the range of a taxon, 3. Evidence that
the discrete population segment represents the only surviving natural occurrence of a taxon
that may be more abundant elsewhere as an introduced population outside its historic range,
or 4. Evidence that the discrete population segment differs markedly from other populations of
the species in its genetic characteristics. Source: Policy Regarding the Recognition of Distinct
Vertebrate Population Segments Under the Endangered Species Act. Federal Register 61:47224725.
Significant Portion of its Range (SPR) – An element of the definition of an endangered species
included in the Endangered Species Act of 1973, stating that such species must be “at risk of
extinction throughout all or a significant portion of its range”. Source: Endangered Species Act
of 1973. 16 U.S.C. §1532(3.6)). Under the framework proposed in this paper, the relevant
Service (US Fish and Wildlife Service or National Marine Fisheries Service) would consider both
2

geography and genetics in assessing whether a population is in danger of extinction, or likely to
become endangered in the foreseeable future, in a “significant” portion of its range. If the
Service was assessing a species that appeared to be under threat in only a portion of its range,
but the species either was not a vertebrate or did not meet the DPS policy’s standard for
discreteness (Fig. 2), the Service would consider both of the following factors in assessing
whether that portion of a species’ range is “significant”: a) the geographic extent of the area in
which a population is imperiled, compared to both the species’ current and historical
distribution; and b) the current or potential future genetic distinctiveness and adaptive
potential of the imperiled population.
Recovery Unit (RU) – A special unit of the listed entity that is geographically or otherwise
identifiable and is essential to the recovery of the entire listed entity, i.e., recovery units are
individually necessary to conserve genetic robustness, demographic robustness, important life
history stages, or some other feature necessary for long-term sustainability of the entire listed
entity. The concept of a recovery unit is not mentioned in the Endangered Species Act, but has
been developed by the Services to implement the mandate for recovery planning described in
the Act. Source: National Marine Fisheries Service (2018). Interim endangered and threatened
species recovery planning guidance.
Geminate Evolutionary Unit (GEU) - A population which shows morphological, behavioral, or
biogeographical differentiation, but does not yet show genetic divergence at neutral loci. Such
a population can be considered significant based on its ability to contribute to future
evolutionary potential, e.g., due to colonization of a new habitat with novel selective pressures.
Source: Bowen BW. 1998. What is wrong with ESUs? The gap between evolutionary theory and
conservation principles. Journal of Shellfish Research 17:1355-1358.
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Supplementary Information Text S1: Alternative approaches for regulatory actions consequent
on finding a species endangered or threatened within a significant portion of its range
A challenge in interpreting the ESA’s “significant portion of its range” (SPR) clause
involves the question of what actions follow if the Service finds a species endangered or
threatened within only a significant portion of its range. In 2007, the Department of Interior
issued a legal opinion concluding that a species facing extinction within a SPR could be listed as
threatened or endangered within that geographical area alone, meaning that the more secure
populations of the species occurring outside the area would not receive ESA protection (79 FR
37577). However, this “SPR protects SPR” approach, which was later abandoned by the Service,
could lead to problems if such listings decrease coordination of management strategies
between neighboring jurisdictions and because protection of the larger metapopulation may be
necessary to sustain threatened subpopulations (Gilpin 2012). Objections have also been raised
that this approach because it extends DPS-like protections to plant and invertebrate taxa which
the 1978 ESA amendments specifically excluded from DPS designation (SPR Team 2010).
The fact that the ESA only authorizes listing of species, subspecies, and vertebrate DPS
may also imply that a species endangered within a SPR must be listed throughout its range (the
“SPR protects species” approach). Under this interpretation, a SPR designation could result in
more geographically-extensive protections than would listing of the same population as a DPS.
Although counterintuitive, this may be appropriate if the SPR is dependent on demographic
rescue from a larger region. Moreover, the ESA does include provisions (e.g., section 4(d) rules
setting forth prohibitions applicable to threatened taxa, including restrictions on “take”)
allowing the Service to maintain a high level of protection within a SPR while limiting regulatory
oversight outside of that region.
However, other sections of the ESA are more problematic under this approach. The
ESA’s Section 7 requires that federal agencies consult with the Service when their proposed
actions potentially jeopardize protected taxa or adversely modify designated critical habitat. In
2019, the Services added into ESA regulations their interpretation that a management action
can trigger a finding of adverse modification of critical habitat only in cases where the action
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appreciably diminishes critical habitat as a whole (83 FR 35179). Under this policy, the critical
habitat of a regional population within the SPR could conceivably be appreciably diminished
without triggering an adverse Section 7 decision. Implementation of the “SPR protects species”
approach would therefore require that Section 7 regulations be reformed to clarify that adverse
modification should be evaluated based on threats to the SPR itself. Alternatively, the Services
could use their authority to identify a population within a SPR as a recovery unit crucial to
recovery of the species as a whole, allowing a finding of adverse modification based on adverse
consequences to that recovery unit alone. In summary, both the “SPR protects SPR” and “SPR
protects species” interpretations have practical implications under current policy which will
require resolution via regulatory or policy changes absent amendment of the act itself (SPR
Team 2010).
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