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Abstract

Conservation efforts, including authorities outlined in the U.S. Endangered Species Act (ESA) of 1973, are attempting to
slow the decline of species. Opinions on the success of the ESA vary widely, due in part to few species historically
recovering to the point of delisting. Uncertainty surrounding the ESA relates to listing decisions and ambiguity of
terminology within the ESA itself. Our goal was to evaluate the relationship, if any, of species characteristics, population
metrics, threat level, and potential non-biological indicators to listing decisions under the ESA by the U.S. Fish and Wildlife
Service (Service). We collected data from 143 ESA listing decisions published in the Federal Register from February 2011 to
October 2014. Only 33 and 31% of listing decisions included population or range size estimates, respectively. Factors
significantly correlated with ESA listing decision included taxonomic group, primary ownership of the species’ habitat
(federal or non-federal), whether the species is aquatic or terrestrial, and whether the species was part of a single or multiple-
species listing decision. Increasing number of listed threats and time as a candidate species correlated positively with being
listed as endangered. We have attempted to broadly identify the role both intrinsic (biological) and extrinsic (non-biological)
factors play in listing decisions, and the importance of comprehensive data to understanding species distribution and

abundance to facilitate more informed listing decisions.
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Introduction

Extinction rates are now at many times the historical
background rate and are likely to keep increasing (Pimm
et al. 2014). Conservation efforts have slowed the decline of
many species. The U.S. Endangered Species Act (ESA) of
1973 is designed to protect and recover imperiled species
and the ecosystems they depend on. Some characteristics
may cause a species to be more vulnerable to extinction
than others, including inability to disperse -efficiently
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(McKinney 1997; Pimm et al. 2014), low reproductive and
survival rates (Purvis et al. 2000), large home ranges (i.e.,
individual’s territory size) (Benscoter et al. 2013), and life
history complexity (Koh et al. 2004). Taxonomic group is
not a good predictor of extinction risk (Ando 1999; Jenkins
et al. 2013); however, some characteristics of species within
certain taxonomic groups can predict likelihood of extinc-
tion. Apart from actual extinction risk, there is evidence that
certain factors, including if the species is perceived by the
public as a higher form of life (Metrick and Weitzman 1996,
Laband and Nieswiadomy 2006, Gratwicke et al. 2012) or
time as a candidate species (Ando 1999, Bechtold 1999)
determine if ESA protections and funding are mobilized.
The majority of declining species are experiencing the
synergistic effects of multiple threats, which influence their
habitat, reproductive success, and survival. Even when a
threat is severe, such as widespread disease, it is rarely the
single factor that leads to decline or extinction (Heard et al.
2013). For example, Gonzalez-Suarez and Revilla (2014)
found that increasing extinction risk correlated with
increasing number of threats to mammals on the Interna-
tional Union for Conservation of Nature (IUCN) Red List.
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Numerous analyses have concluded that population isola-
tion, overall range size, environmental fragmentation, and
ecological specialization—individually and together—are
also potential contributors to level of extinction risk for a
species (Manne et al. 1999; Purvis et al. 2000; Henle et al.
2004; Stefanaki et al. 2015).

The process of listing a species under the ESA is
extensive and requires many steps that may take several
years or even decades. A species listing can be initiated
either by internal assessment by the U.S. Fish and Wildlife
Service (Service) or the National Marine Fisheries Service
(NMEFS) or by petition from private citizens or organiza-
tions. To proceed with the process of ESA evaluation, an
initial assessment of the petition must conclude that there is
sufficient information about species’ vulnerability and
exposure to threats. The Service then publishes a 90-day
finding in the Federal Register either declaring the petition
not sufficient for further review or prompting the Service to
collect and evaluate additional information. The Service
then evaluates all the information available and determines
whether the species is warranted for listing (i.e., endangered
or threatened), not warranted, or warranted but precluded.
An amendment to the ESA in 1982 provisioned that a
species remains a candidate for listing if it is warranted but
precluded by other higher priority listing activities (48 FR
43098), in which case the species’ status is required to be
re-evaluated each year. When a species is declared war-
ranted but precluded, it becomes a candidate for listing, and
the Service or NMFS assigns a listing priority number
(LPN). LPNs range from 1-12. Lower numbers indicate
higher listing urgency, which is determined by magnitude
and immediacy of threats, relative distinctiveness or isola-
tion of the species according to genetic analysis, number of
remaining species in the genus, and whether it is a sub-
species. Section 4 of the ESA lists the five criteria, only one
of which must be met, for determining whether a species is
endangered or threatened: the present or threatened
destruction, modification, or curtailment of its habitat or
range; overutilization for commercial, recreational, scien-
tific, or educational purposes; disease or predation; inade-
quacy of existing regulatory mechanisms; or other natural or
manmade factors affecting its continued existence.

If the species is determined to be warranted for listing, a
12-month period ensues during which public comments are
accepted, public hearings are held, and additional infor-
mation is requested by the Service, including peer review by
selected individuals. Unless sufficient evidence is presented
that the species should not be listed (e.g., elimination of
threats, larger population than previously known), the Ser-
vice publishes a Final Rule in the Federal Register and
the species is designated as endangered or threatened under
the ESA. An alternative to the normal listing process is the
issuance of an emergency rule by the Service or NMFS.
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Emergency rules bypass a large part of the process descri-
bed above and immediately declare the species as endan-
gered if the agency identifies impending threats that create
significant risk to the immediate survival of the species.
Once emergency listed, the Service or NMFS conducts a
formal full review process.

Opinions of the success of the ESA vary. Very few
species listed have recovered to the point of delisting
(Abbitt and Scott 2001; Beissinger and Perrine 2001).
Conversely, proponents of the ESA point out the continued
survival and population-level improvement for many spe-
cies protected under the ESA (Greenwald et al. 2013;
Schwartz 2008). Much of the contention surrounding the
ESA relates to listing decisions and perceived ambiguity of
terminology within the ESA (Bean 2009; Waples et al.
2013). Determinations of species status and conservation
measures under the ESA (i.e., endangered, threatened, not
warranted) must be made solely on the basis of the best
scientific and commercial data available, without con-
sideration of possible economic or other effects (ESA,
Section 4). Comprehensive data on population size and
range extent are often scant for rare species (Pimm et al.
2014). In addition, science can only make predictions
regarding risk of extinction and cannot provide guidance for
how much risk is acceptable. The Service recently modified
the process of evaluating candidate species by implement-
ing a Species Status Assessment (SSA) process to improve
consistency and transparency in species risk assessments
(Smith et al. 2018). This policy began after the collection of
data for this study.

According to previous data and research, the availability
of sufficient and accurate science to conclude the risk of a
species to becoming extinct, both before and after the listing
of a species as endangered or threatened, is limited in many
ways (Schultz 2008, Gibbs and Currie 2012). Very often,
little is known about a species’ distribution, abundance, and
threats because there has been very little scientific investi-
gation. It is possible that species for which there are few
data regarding the immanency of risk are precluded from
listing because species for which data point to clear risk of
extinction receive a higher priority. Delay has also been
shown to be directly linked to interest group interference
(Ando 1999). Many species designated as warranted but
precluded have been candidates for listing under the ESA
for 10+ years, and some of those species may have slipped
beyond recovery while waiting to be listed.

The cost, both ecological and social, of protecting spe-
cies that do not need protection (Type I error) and of not
protecting species that need protection (Type II error) are
significant. Therefore, it is important to recognize which
factors are potentially influencing ESA listing decisions
in situations with limited scientific data and ambiguous
legislative mandates. Previous studies, including those
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mentioned above, are consistent with the notion that
extrinsic factors can influence the likelihood of protection
by the ESA, as can procedural influences such as regulatory
delay (Bechtold 1999). Regulatory delay (e.g., long dura-
tion as a candidate species) allows a way that bureaucratic
entities can avoid decision-making, likely in response to
pressure from outside interest groups (Ando 1999). For
example, Bechtold (1999) suggested that the Service
delayed listing of the bull trout (Salvelinus confluentus) by
making the determination that listing was warranted but
precluded. However, delay may simply be a function of the
Service not being equipped to handle extremely high
workloads (Smith 2016).

Our goals were to evaluate the correlation, if any, of both
intrinsic (biological) and extrinsic (non-biological) species
characteristics in the listing decisions under the ESA and to
better understand the level of uncertainty and variation in
data presented to ESA decision makers at the Service. We
also seek to better understand how decisions may vary by
habitat location and ownership and time spent as a candi-
date species. Based on the previous research on the effects
of characteristics influencing extinction risk and ESA listing
decision, we evaluated several predictions (Table 1). We
also evaluated potential listing outcome discrepancies by
assessing differences in endangerment status between ESA
listing decision and NatureServe classification (discussed
below), a non-legal rank used as a proxy for the potential of
a species to be listed in previous analyses of ESA listing
decisions (Gratwicke et al. 2012; Laband and Nieswiadomy
2006; Wilcove and Master 2005).

Methods
Data Collection

We collected all ESA listing decisions that were proposed
or finalized between February 2011 and October 2014 for
species in the United States. We collected Proposed Rules
for species for which listing was determined to be not
warranted and warranted but precluded species, and Final

Rules for species listed as endangered or threatened species
(hereafter “Rules”). Agency rules, proposed rules, and
public notices are published in the Federal Register
(http://www.regulations.gov/), the official journal of the U.
S. federal government. We randomly sampled one species
from multiple-species and multiple-subspecies Rules when
the information was not clearly separated for each species
within the Proposed or Final Rules. We included listing
decisions with species grouped into a multi-species deci-
sions by the Service because they occur in the same eco-
systems or, occasionally, because they have similar life
histories. This allowed us to avoid sampling the same
information for multiple species listed in the same Rule. For
example, eight mussel species occurring within Gulf Coast
states were listed under one Rule, and the same wording and
information was used to identify common threats and bio-
logical needs for each species. Therefore, the species were
not evaluated independently, and so we only included one
in our sample. In addition, we did not sample or evaluate
species from Rules where the species were determined by
the Service to not be listable entities (i.e., species was
determined to not be a distinct population segment, sub-
species, or species). For each species, we collected general
information such as listing decision, taxonomic class,
number and type of potential threats, time as candidate, and
number of other species in the listing decision. We com-
bined reptiles and amphibians into “herpetofauna” to boost
sample size and categorized all invertebrates as “aquatic” or
“terrestrial” (for seven total taxonomic categories: plants,
terrestrial invertebrates, aquatic invertebrates, herpetofauna,
fishes, mammals, and birds).

Because there is typically insufficient information
included in a Rule, or available, to use more detailed criteria
regarding level of threat or amount of historical habitat lost
to a specific threat, we restricted analysis of threats to total
number of threats specified by both the Rule and Natur-
eServe. We accessed NatureServe, an independent organi-
zation that works closely with the IUCN (http://explorer.na
tureserve.org), for potential threats and conservation status
ranks (G1—G5) beyond what was included in the published
Rules. NatureServe status rank is the result of the

Table 1 Predicted influence of

. Expl iabl
explanatory variables on xplanatory variable

Prediction

Citation

likelihood of protection under

. Body size
the Endangered Species Act

Taxonomic group

Plants less likely to be listed than animal species.

Threats

Time as candidate

Increasing body size increases likelihood of
protection.

Reptiles and fishes less likely to be listed than
other taxa.

Increasing number of threats increase likelihood
of protection.

Increasing time as candidate increases likelihood
of protection.

Metrick and Weitzman (1996)

Gratwicke et al. (2012)

Harllee et al. (2009)

Gonzalez-Suarez and Revilla
(2014)

Ando (1999); Bechtold (1999)
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assessment of threats and levels of endangerment of species,
and has been used previously as an indicator of potential for
formal listings under the ESA (Metrick and Weitzman
1996; Gratwicke et al. 2012). We calculated number of
threats by summing the number of threats cited by either the
Rule or NatureServe: agriculture, land conversion, resource
use, water diversion, commercial fishing, competing uses,
exploitation, climate change, modified disturbance regimes,
pesticides or herbicides, pollution (other), exotic or invasive
species, species interactions, small population size, and
unknown or other. We calculated time as a candidate by
subtracting the date of the Proposed Rule from that on
which the Service initially deemed the species warranted for
full review in a 90-day finding.

We recorded population estimates, range size estimates,
descriptive location information from both the published
Rules and NatureServe, whether the species occupies an
island or mainland, and if it is known to occur in Canada or
Mexico during any part of its life. We also determined if the
species’ habitat occurs primarily (>50% of current range) on
federal (e.g., managed by the Service, U.S. Forest Service,
Bureau of Land Management, National Park Service) or
non-federal lands (e.g., state, county, private) by examining
range maps and descriptions of their current range in the
Rules and the Protected Areas Database (https://www.usgs.
gov/core-science-systems/science-analytics-and-synthesis/
gap/science/protected-areas).

Statistical Analyses

We conducted all statistical analyses in R (R Core Devel-
opment Team 2013). We initially conducted preliminary
analysis using package Hmisc to test for correlation among
covariates. We conducted Pearson’s Chi-square tests for
count data to determine if ESA listing decisions (i.e.,
endangered, threatened, warranted but precluded, or not
warranted) were independent of categorical explanatory

variables (i.e., taxon, habitat ownership, island vs. main-
land, aquatic vs. terrestrial, overlap with Canada or Mexico,
single vs. multiple species decisions) associated with each
species. We calculated Cramer’s V for each contingency
table to describe the degree of strength of each association.
To determine which categories were contributing most to
the significance of the Chi-square score, we used Pearson
residuals for each cell. We considered any contribution
>10%, the minimum amount considered a weak association
(Cohen 1988), to be meaningful.

To determine correlations between continuous variables
(i.e., time as candidate, number of threats) and each listing
decision (coded 0,1), we used the R package lme4 (Bates
and Maechler 2009) to fit logistic regression models with
generalized linear models. We determined the significance
of correlations between decision outcome and continuous
variables and direction of correlation by examining each
logistic regression’s Chi-square statistic, Wald’s chi-square,
and odds ratio. Odds ratio, an interpretation of the logit
coefficient, was a relative measure of the probability that
each variable is associated with an ESA listing decision and
indicated the degree to which the explanatory variable
explained the decision outcome while holding other vari-
ables constant.

Results

We collected data on 143 ESA listing decisions from 101
Rules published in the Federal Register between 10 Feb-
ruary 2011 and 3 October 2014 (Table 2). Of the 143
decisions, 82 (57%) came from multiple-species Rules (i.e.,
>2 species or subspecies per Rule). We sub-sampled one
species from each of the three multi-species Rules con-
taining >2 species (8 gulf coast mussels, 4 subspecies of the
Mazama pocket gopher, and 7 species of Hawaiian bees) to
avoid collecting repeated information on multiple species or

Table 2 Count and percentage of

. Taxonomic group Count EN TH PR NW Months Months # threats

species evaluated under the candidate?® ronosed®
Endangered Species Act (ESA) prop
by the U.S. Fish and Wildlife Plants 40 28.0%) 16 7 2 15 261.0£1622  123+22
Service (Service) from 2011 to .
2014 by taxonomic group and Terrestrial 3021.0%) 8 0 6 16 146.2+145.7 129+5.1 4+1
ESA listing decision invertebrates
(endangered = EN, threatened = Aquatic invertebrates 23 (16.1%) 14 3 5 1 181.5+1457 12.1+1.5
g;l’ warranted bl(llt pr;c\il}l)ded = Herpetofauna 18(126%) 6 7 1 4 1554+118.8 13.3+24

, not warranted = , mean .
(+SD) months as candidate Fishes 14 (9.8%) 5 1 1 7 156.8+118.8 13.0+24
species’ mean (xSD) months Mammals 9 (6.3%) 2 1 2 4 123.0+114.7 13.3+2.3
proposed for protection, and Birds 9 (6.3%) 0 3 0 6 111.7+583 14.7+4.6 +
mean number of threats (£SD) 5. 143 5122 17 53 18921516 12727 5+2

cited in both the Federal Register

Rules and on NatureServe

“Number of months from the time a species first was considered as a candidate species by the Service to the

time a Proposed Rule was published in the Federal Register

°Number of months between the published Proposed and Final Rules in the Federal Register
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Table 3 Count and percentage of species by threat type and utilized general habitat type, as defined by the U.S. Fish and Wildlife Service or
NatureServe, in Endangered Species Act listing decisions from 2011 to 2014

Threat Description Aquatic  Terrestrial Both Total
Agriculture Crop or livestock production 25 (48%) 30 (36%) 0 (0%) 55 (38%)
Land conversion Urban or suburban development; road construction 23 (44%) 51 (61%) 3 (38%) 77 (54%)
Resource use Mining, oil and gas extraction, timber harvest 20 (38%) 25 (30%) 2 (25%) 47 (33%)
Water diversion Dams, dredging, or extraction 41 (79%) 11 (13%) 0 (0%) 52 (36%)
Commercial fishing Indirect effects of overfishing or equipment use 0 (0%) 0 (0%) 3(38%) 3 (2%)
Competing uses (other) Recreational, military, etc. 6 (12%) 31 37%) 1 (13%) 38 (27%)
Exploitation Collection or killing by humans 4 8%) 10 (12%) 4 (50%) 18 (13%)
Climate change Harm due a change in the mean or variability of one or more measures 20 (38%) 31 (37%) 5 (63%) 56 (39%)
of climate that persists for an extended period
Modified disturbance Altered historical fire and grazing patterns 7 (13%) 42 (51%) 0 (0%) 49 (34%)
regimes
Pesticides/Herbicides Direct or indirect effects of pesticides or herbicides 9 (17%) 13 (16%) 0 (0%) 22 (15%)
Pollution (other) Contamination of habitat by toxic substances 23 (44%) 2 2%) 5 (63%) 30 (21%)
Exotic/invasive spp. Exotic or invasive species displacing species or species’ habitat 34 (65%) 38 (46%) 4 (50%) 76 (53%)
Species interactions Depredation, parasitism, disease 8 (15%) 20 (24%) 3 (38%) 31 (22%)
Small, isolated populations Population(s) small and relatively isolated 38 (73%) 58 (70%) 1 (13%) 97 (68%)
Unknown/Other Other threats which do not apply to categories above or species decline 2 (4%) 6 (7%) 0 (0%) 8 (6%)

is caused by an unknown factor

subspecies. Of the species evaluated, the habitat of 78
(~55%) is primarily on non-federal land while that of the
remaining 65 (~45%) species is primarily on federal land.
Fifty-one (35.7%) of the 143 species were designated as
endangered, 22 (15.4%) were designated as threatened, 17
(11.9%) were deemed warranted but precluded, and 53
(37.1%) were considered not warranted for protection under
the ESA (Table 2).

The most represented taxonomic group was plants (28%)
and the least represented were birds (6.3%) and mammals
(6.3%) (Table 2). The mean (+SD) time each species was a
candidate (i.e., time since the species was initially deemed
warranted for full review) was 189.2 + 151.6 months. The
median time that species designated as endangered, threa-
tened, warranted but precluded, and not warranted were
candidates was 271, 153, 20, and 103 months, respectively.
Plants were candidates for listing for longer than other taxa,
and birds for shorter periods of time (Table 2).

The most common threats identified in the Rules were
land conversion, population isolation, and exotic or invasive
species (Table 3). The most common threat to aquatic
species was water diversion, while climate change was cited
as a threat to 63% of species that utilize both aquatic and
terrestrial habitat (Table 3). The mean (+SD) number of
threats listed for a species by Rule or NatureServe was
4.6 £ 1.9. Herpetofauna had the greatest number of threats
(6 +2) (Table 2). Most (57%) of the species evaluated had
the highest NatureServe conservation ranks, Gl and G2
(Table 4).

The Service presented a current population range size
estimate for 44 (~31%) decisions and a population size
estimate for 47 (~33%) decisions (Table 5). Among taxo-
nomic groups, the largest percentage of population and
range size estimates was associated with plants (Table 5).
Range size estimates were not provided for any of the
aquatic invertebrates evaluated (n = 23) and were provided
for one species of bird (Table 5). Population sizes were
provided for <15% of the herpetofauna, fishes, and mam-
mals (Table 5). We did not include population and range
size estimates when looking at factors correlated with ESA
listing decisions because of the low sample size.

Factors Correlated with ESA Listing Decisions

Some taxonomic identities were correlated with ESA listing
decisions: terrestrial invertebrates were less likely to be
listed as threatened, aquatic invertebrates were less likely to
be listed as not warranted for listing, and herpetofauna were
more likely to be listed as threatened when compared to
other taxonomic groups (Table 4). ESA decision also cor-
related with primary ownership of the species’ habitat, with
species occurring on federal land less likely to be protected
than those on non-federal land (Table 4). Other variables
that correlated with ESA decisions included use pf both
aquatic and terrestrial areas and inclusion in a multiple-
species decision (Table 4). Whether a species was an island
or mainland species was not correlated with ESA decision,
and there was no correlation between ESA decision and
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Table 4 Count and summary of

Pearson’s Chi-square analysis Characteristic Total Endangered Threatened Warranted but Not Chi square tests of
for categorical variables’ precluded warranted  independence
assoc:iations v.vit.h Endapgered Taxonomic Group 2 (18)=43.20
Species Act listing decisions
from 2011 to 2014 Mammal 9 1 4 p<0.001
Terrestrial 30 0* 16 V=0.32
Invertebrate
Aquatic Invertebrate 23 14 3 5 1#
Avian 9 0 3 0 6
Plant 40 16 7 2 15
Fish 14 5 1 1
Herp 18 6 7* 1
Habitat 7 (6)=6.12
Mainland U.S. 124 42 21 13 48 p=041
Island 11 5 1 3 V=0.15
Both 8 4 1
Aquatic 52 26% 9 8 9* 7 (3)=1435
Terrestrial 83 25° 13 7 38* p=0.002
Both 8 0 0 2 6 V=0.32
Primary Ownership 7 (3)=23.66
Federal 65 15° 6 6 38 p<0.001
Non-federal 78 36° 16 11 15* V=041
Range
U.S. only 120 47 18 13 42 7 3)=419
Overlap Mexico 8 1 2 1 p=024
Overlap Canada 14 3 1 V=0.17
U.S., Mexico 1 1
and Canada
NatureServe Rank
No Rank 7 3 1 3 0 7 (12)=13.00
Gl 46 18 8 4 16 p=0.37
G2 36 14 3 6 13 V=0.18
G3 17 6 3 0 8
G4 16 5 5 2
G5 20 5 2 1 12
GH 1 0 0 1 0
No. Species in
Decision
Single 61 15° 30° 10 6° 7 (3)=1182
Multiple 82  36° 16 7 23? p =0.008
V=0.29

“Denotes >10% contribution to Chi square score

whether a species’ range overlapped with Canada or
Mexico (Table 4). In addition, none of the NatureServe
conservation ranks correlated with ESA listing decisions
(Table 4).

Number of threats correlated was correlated with whether
a species was listed as endangered, warranted but precluded,
and not warranted, but not as threatened (Table 6, Fig. 1).
Every threat that was added to the listing decision was

@ Springer

associated with a 43% and 44% increase in the odds of an
endangered or warranted but precluded determination,
respectively, but a 41% lower likelihood of a not-warranted
determination (Table 6). Time as candidate was also cor-
related with designation as endangered or warranted but
precluded; however, there was no correlation between time
as a candidate and a not warranted or threatened determi-
nation (Table 6; Fig. 2). For every year a species was a
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candidate, there was 6% increase in the odds of being listed
as endangered, and a 39% lower likelihood of a warranted
but precluded determination.

Discussion

Ownership of habitat correlated strongly with being listed as
endangered under the ESA. Furthermore, species whose
habitat occurs on federal land and were listed as endangered
had more threats than endangered species on non-federal

Table 5 Count and percentage of species per taxonomic group and
Rules containing population and range estimates by the U.S. Fish and
Wildlife Service for Endangered Species Act listing decisions from
2011 to 2014

Estimated by service

land. These results may be an artifact of higher threat
intensity on non-federal lands, such as more development or
lower water quality, which are common drivers of species
declines. It is also possible that these differences are influ-
enced by political variation or various views about land
ownership within the states or regions where the species
occur. There is the potential that listing decisions are
influenced by bounded rationality (Lindblom 1959, Jones
1999) and institutionalized agency norms within the Service
(Gerlach et al. 2013, Smith 2016), which infers that decision
makers within the Service could be bound by goal-oriented
behavior and their ability to process large amounts of infor-
mation under high workload situations. However, it is also
possible that many species occurring primarily on federal
land are deemed not warranted for listing because regulatory
mechanisms for their protection are considered adequate
(ESA, Section 4(a)(D)). Existing regulatory mechanisms is
not clearly defined under the ESA, and its application in the

Taxonomic group # of species  Population  Range context of listing decisions under the ESA is unclear.
Plant 40 (28.0%) 26 (65%) 20 (50.0%) Our results indicated that species included in multi-
Terrestrial invertebrates 30 (21.0%) 5(167%) 12 (40.0%) species Rules were more likely to be protected under the
Aquatic invertebrates 23 (16.1%) 5 (21.7%) 0 (0.0%) ESA than those eva?uate.d on tf}elr O.VVH; theref(.‘fre, it 18
Herpetofauna 18 (12.6%) 1 (5.6%) 4 (222%) 1mp9rtant 'to QeFermln.e if multi-species evaluations are
Fishes 14 (9.8%) 2 (143%) 4 (28.6%) serYlng their originally intended purpose. In the Interagency
Mammals 9 (6.3%) 1 (11.1%) 3 (33.3%) I;loh(]:)y for the Eco;ylste@ Apprgalc)h to the ESA% réleased by
oy 7w Lt e Dot of bt Detnent of Comnens
Total 143 47329%) 44 08%) O | » 1 July 1994), the stated purpose of multi-
species Rules was to “provide a means whereby the
Table 6 Summary of logistic Outcome Predictor SEB Wald's > df p Odds ratio Overall model
regression analysis for evaluation
continuous variables predicting
En@apgered Spe(fies Act listing Endangered
decision controlling for
background variables Intercept ~32799 0.6874 22.8 1 <0.001 NA 7 (@)=2547
Threats 0.3599 0.1091 10.9 1 0.001 143 p<0.001
Time As 0.0587 0.016 13.5 1 <0.001 1.06
Candidate
Threatened
Intercept —2.6714 0.7542 12.5 1 <0.001 NA 7 (2)=224
Threats 0.1346 0.1251 1.2 1 028 1.14 p=033
Time As 0.0199 0.0186 1.1 1 029 1.02
Candidate
Warranted but
precluded
Intercept —1.206  0.809 22 1 014 NA 72 =4327
Threats 0.3651 0.1661 4.8 1 003 144 p<0.001
Time As —0.4953 0.1632 9.2 1 0.002 0.61
Candidate
Not warranted
Intercept 2.0248 0.5779 123 1 <0.001 NA 7 (2)=26.52
Threats —0.5212 0.1182 19.4 1 <0.001 0.59 p<0.001
Time As —0.0178 0.0153 1.4 1 024 098
Candidate
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ecosystems upon which endangered and threatened species
depend may be conserved” (ESA, Section 2(b)). This was to
be done partially by “grouping listing decisions based on a
geographic, taxonomic, or ecosystem basis where possible”.
The Service rarely applied this policy until a 2011 court
decisions mandating the large number of listing decisions
be made by 2016, which mandated initial petition findings
for over 600 species and proposed listing rules for
251 species (WildEarth Guardians v. Salazar 2011). More
research is needed into how the Service is currently using
multi-species rules and the advantages and disadvantages of
utilizing this policy.
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There are potential benefits to listing several species in
one listing decision, including conservation and efficiency.
Species occurring within the same ecosystem or geographic
area likely face similar threats (e.g., water quality and non-
point source pollution, coastal marshes and sea level rise)
that the Service can identify and evaluate concurrently. This
would decrease their workload and likely increase overall
decision quality (Smith 2016). In addition, if multiple spe-
cies in the same geographic area are protected at the same
time, then overall costs could potentially decrease overall
due to simultaneous recovery and management actions if
the species needs are similar. Because many of the ESA’s
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costs are indirect, they are difficult to quantify and, therefore,
no explicit data exist to assess cost savings for integrative
approaches to conservation (Ando 2001). Ando (2001)
concluded that the Service benefits from listing several
species in one Rule because it decreases the overall interest
group opposition. They found that at the county level, above
14.3 previous listed species/100km?, the likelihood of
opposition to new listings begins to rise (Ando 2001). In
addition, the amount of opposition did not increase as the
number of species in the decision increased (Ando 2001).
Therefore, multi-species decisions may be a constructive
avenue to list species from a time and effort perspective.

Our results indicated that relatively large body size (e.g.,
mammals and birds) was not a significant predictor of
protection under the ESA. In contrast, previous research
suggested that large body size and charisma increases
likelihood of support for conservation (Table 1; Gunn-
thorsdottir 2001; Metrick and Weitzman 1996). This may be
because many of the larger mammals with expansive ranges
in the United States were already protected under the ESA
(e.g., gray wolf (Canis lupus), grizzly bear (Ursus arctos
horribilis), Florida panther (Puma concolor coryi)). Aquatic
invertebrates were more likely to receive protection under
the ESA than all other taxa. Only one of the twenty-three
species, which occurred on public land, was determined not
to be warranted for protection. Unlike the results of pre-
vious research (Gratwicke et al. 2012, Harllee et al. 2009),
our results did not suggest that reptiles, fishes, or plants had
a lower likelihood of protection than other taxa. However,
three of the seven NatureServe “at risk” fish species were
determine to be not warranted for listing while two species
classified as having lower risk by NatureServe were given
ESA protection. We acknowledge that our study only
includes species that the Service determined in their initial
90-day finding to deserve a full evaluation. Further research
is needed to determine if certain taxonomic groups are more
or less likely to be petitioned for listing or considered
warranted for further review during the early evaluation
phases under the ESA.

Increasing number of threats and increasing time as a
candidate were positively correlated with being listed as
endangered, which was consistent with our prediction
(Table 1) and potentially indicated that species protected
under the ESA are in greater need of protection than those
designated as not warranted for protection. It also is pos-
sible that this correlation is the result of the Service listing
more threats in the Final Rules to justify their decision to
protect species under the ESA. Another cause of this cor-
relation may be discovery bias, which Heard et al. (2013)
described as the accumulation of knowledge as an artifact of
amassed resources for species at increasing risk of extinc-
tion. Our data showed that the likelihood of being listed as
endangered was much higher for species that were on the

candidate list for >10 years. We suspect that the longer a
species is designated as warranted but precluded from
protection, the more likely that research dollars and time
may be channeled in its direction, which could increase
awareness of threats. There is also the possibility that more
threats accrue to species that are not protected (e.g., more
population fragmentation, loss of genetic diversity) and,
therefore, chances of recovery decrease (Ando 1999). In our
study, however, species deemed warranted but precluded
from listing were associated with greater numbers of threats
and short duration as a candidate species.

We did not find a correlation between NatureServe
conservation rank, which does not reflect protection or
existing regulatory mechanisms, and ESA listing decision.
This result is consistent with previous research indicating
that species of high conservation concern are no more likely
to be protected under the ESA than species of lower concern
(Gratwicke et al. 2012; Laband and Nieswiadomy 2006;
Wilcove and Master 2005). We found a high level of
uncertainty in estimated population and range sizes, which
were presented in only one-third of listing decisions. Pre-
vious research suggested that uncertainty allows for
increasing variation in agency interpretation (Schultz 2008).
According to Doremus (1997), uncertainty and the ESA
“science only” mandate makes the basis for decisions dif-
ficult to understand, and ultimately may undermine political
support by declaring science is the ultimate foundation for
their decisions. This is especially challenging because sci-
entific questions and science policy questions may vary for
the same species, especially when uncertainty is high.

The largest threats to species on the brink of extinction
around the world include direct habitat loss through land-
use changes and invasive species (WWF 2020). Similarly,
human land use and invasive species threatened more than
half of all species evaluated under the ESA during our study
period. Indeed, we conclude common threats to species in peril
are the shared denominator among them, and policies that
attempt to mitigate common threats, rather than threats to a
single species, may be the key to addressing cascading losses
in biodiversity. Furthermore, current recovery tools (e.g.,
wildlife refuges, reintroductions, conservation banking) may
not fully address species’ needs such that they can be delisted
(Gibbs and Currie 2012). Therefore, a more broad ecosystem-
based approach that focuses on threats to systems may be
more effective. The current structure of the ESA, as well as the
configuration and content of listing Rules, are not conducive to
making decisions based on threats to ecosystems.

We identified the potential role that extrinsic factors
appear to play in listing decisions and limited data available
to inform ESA listing decisions for most species under
evaluation. Since these data were collected, the Service has
shifted its procedures for evaluating candidate and listed
species from focusing solely on the traditional five-factor
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analysis, which was used for all listings evaluated during
this research, to SSA. The purpose of SSAs is to more
clearly evaluate current and future conditions of the target
species assessing causal relationships between factors
influencing the species and the species’ response over time.
While SSAs are providing more biological justifications for
ESA listing decision, some of the extrinsic factors presented
in this research could still be correlated with listing potential
and funding given that SSAs are only part of the decision
process within the Service.
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