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Abstract

This year, the Conference of Parties to the Convention on Biological Diversity will meet to

finalize a post 2020-framework for biodiversity conservation, necessitating critical analysis

of current barriers to conservation success. Here, we tackle one of the enduring puzzles

about the U.S. Endangered Species Act, often considered a model for endangered species

protection globally: Why have so few species been successfully recovered? For the period

of 1992–2020, we analyzed trends in the population sizes of species of concern, trends in

the time between when species are first petitioned for listing and when they actually receive

protection, and trends in funding for the listing and recovery of imperiled species. We find

that small population sizes at time of listing, coupled with delayed protection and insufficient

funding, continue to undermine one of the world’s strongest laws for protecting biodiversity.

Introduction

Accelerating rates of species extinction are a matter of global concern [1] as exemplified in the

Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services (IPBES)

report that predicted the loss of over 1 million species in the foreseeable future, which will also

have significant impacts on the delivery of ecosystem services [2]. The prevention of species

extinction is a primary goal of the Convention on Biological Diversity and the UN Sustainable

Development Goals. In the United States, the strongest law to prevent species extinctions is the

Endangered Species Act (ESA) [3], which has served as a model for other nations since its pas-

sage by the Nixon Administration in 1973. A longstanding concern of both supporters and

opponents of the law has been the relatively low number of listed species that have successfully

recovered to the point where they no longer need protection. In the 48 years since enactment

of the ESA, only 54 US species have been declared fully recovered and delisted [4].

Multiple explanations have been given for this low rate of recovery including: (a) a pattern

of not protecting species until their populations have reached very low levels, which increases
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both the time to recovery and the likelihood that species will vanish entirely due to environ-

mental, genetic, and demographic stochasticity [5]; (b) a lack of incentives to landowners to

participate actively in efforts to increase populations of endangered species [6]; and (c) inade-

quate funding for recovery actions [7]. Here, we have used data from the Federal Register to

examine trends in the population sizes of species at time of listing and the levels of funding

available to list and recover them.

Evidence that species are not being protected under the ESA until their populations have

reached dangerously low levels was initially provided in a 1993 paper by Wilcove et al. [8]. The

authors found that the median population size at time of listing during the second decade of

‘legal protection’ by the ESA (1985–1991) was just 1075 for vertebrates and 999 individuals for

invertebrates. The median population size at listing for plant species was less than 120 individ-

uals. We repeated their methodology to determine whether the US Fish & Wildlife Service

(FWS) has become more proactive as we approach the 50th anniversary of the ESA and roughly

30 years since attention was first drawn to this problem.

We also examined trends in the length of time between when a species is identified as

potentially deserving of protection and when it actually receives that protection under the ESA

(hereafter, “wait times”). It should be noted that, in recent years, most of the species added to

the ESA have been the result of petitions from non-governmental entities to FWS requesting

protection of a given species. Frequently, listing follows litigation brought by environmental

organizations when petition decisions are overdue or petitions are denied [9].

Finally, we examined trends in funding for the listing and recovery of imperiled species (we

use “imperiled” to include both Endangered and Threatened species protected under the ESA,

and, unless indicated otherwise, we use the word “species” to refer to any entity protected

under the ESA, including subspecies and vertebrate populations). We give particular attention

to trends in funding per species, in order to account for changes in the number of species listed

each year.

Materials and methods

The list of plants and animals granted protection under the ESA was collated from annual list-

ing records available through the U.S. Fish & Wildlife Service’s Environmental Conservation

Online System (ECOS). Population data were obtained from Final and Proposed Listing

Notices issued by the U.S. Fish & Wildlife Service. Our analysis was restricted to wild popula-

tions of plants and animals known to occur in the United States and its territories and did not

include captive populations.

When presented with a range of values, or an upper limit, for the total number of individu-

als or populations at time of listing, we favored interpretations that maximized population

size. For example, if a population was said to be “between 500 and 1000” individuals, we

recorded the population as being 1000 individuals at time of listing. Similarly, a population

said to be “<1000” was recorded as being 999 individuals at time of listing. This was done in

order to obtain the largest possible estimate of each plant and animal population at time of list-

ing, making our subsequent analyses an optimistic “best case scenario”. Six species were listed

with no known individuals or populations surviving in the wild. In these instances, the total

number of individuals or total number of populations was recorded as being zero. Population

data for plants and animals listed between 1985–1991 were obtained from Wilcove et al. in

order to facilitate comparison with their results. We performed a non-parametric Wilcoxon

Rank-sum Test to compare the medians of continuous variable x, the number of individuals at

time of listing for species listed between 1985–1992, and continuous variable y, the number of

individuals at time of listing for species listed between 1993–2020. The same approach was
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used to compare the median number of populations at time of listing for each time period. We

adopted a significance threshold of p = 0.05.

Data for Resource Management Appropriations (discretionary funding that supports the

management and recovery of imperiled species by FWS) and Section 4 Appropriations (fund-

ing allocated specifically to ESA listing activities) were obtained from the text of annual federal

budget legislation and corrected for inflation to 2019 USD. These documents are publicly

accessible through the Federal Registrar. Funding per species was defined as the average fund-

ing available for the management of each species in a given year. We calculated this value by

dividing annual Resource Management Appropriations by the total number of species pro-

tected under the ESA as of the first day of that calendar year.

Results

From 1992–2020, the FWS listed a total of 970 species for protection under the ESA; 68% of

these listings were plants, 18% were invertebrates, and 14% were vertebrates. Full species

accounted for the majority of listings during this period (80%). Of the species listed, 602 had

data on their total population size (total number of individuals) at time of listing, and 843 had

data on the number of populations at time of listing. For each taxonomic group analyzed, the

total population size at time of listing (Fig 1A) did not differ significantly between the 1985–

1991 and 1992–2020 time periods (Wilcox Test values of p = 0.08, p = 0.41, and p = 0.66, for

plants, vertebrates and invertebrates respectively). For plants and invertebrates, the total num-

ber of populations at time of listing (Fig 1B) also did not differ significantly between the 1985–

1991 and 1992–2020 time periods (p = 0.91 and p = 0.06, respectively). However, the median

number of vertebrate populations at time of listing was slightly greater in the 1992–2020 time

period, increasing from 2 to 4 populations (p = 0.04).

Our analysis revealed longer wait times for species petitioned for listing during the 2000–

2009 period (median = 9.1 years), compared to those petitioned for listing during the 1992–

1999 period (median = 5.9 years), followed by shorter wait times for species petitioned for list-

ing during the 2010–2020 period (median 3.0 years). The number of petitions received during

each period also varied greatly (n = 49, 203 and 26 for 1992–1999, 2000–2009 and 2010–2020,

respectively). While wait times seem to decrease when fewer species are listed, there are insuffi-

cient data to test whether this effect is significant.

Resource Management Appropriations climbed modestly from 1996–2010 before begin-

ning a decade-long decline that was halted only in 2020 (Fig 2A). The same trend is observed

in Section 4 Appropriations, which peaked in 2010 at $25.9 million USD before dropping to

$20.1 million USD by 2020. Concurrently, the number of species listed for protection under

the ESA increased by over 300% between 1985–2020. As such, Resource Management Appro-

priations, when measured on a per species basis, have dropped by nearly 50% since 1985.

Discussion

Our analysis of trends in the protection of imperiled species under the US Endangered Species

Act warrants a limited amount of optimism and a larger amount of pessimism: Most species

are not receiving protection until they have reached dangerously low population sizes. First

reported in 1993, this pattern has persisted throughout the intervening quarter century. We

suspect that most of the species listed since 1993 had fallen to low population levels well before

the time span of our study, a reflection of past anthropogenic activities. Their protection under

the ESA implies a painfully slow process of clearing a backlog of rare but unprotected species

as opposed to a failure to respond to recent, rapid population declines in formerly more com-

mon species.
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The wait-times between when a species is first petitioned for protection under the ESA and

when it finally receives that protection have waxed and waned since 1992. The period with the

longest median wait time (2000–2009, with a median wait-time of 9.1 years), was also the

period when the greatest number of petitions were received by FWS (n = 203). The period

with the shortest median wait time (2010–2020 with a median wait-time of 3.0 years) was the

period when the fewest number of petitions were received (n = 26). This suggests that wait

times may be exacerbated when limited resources for listing are strained by a large influx of

petitions. Consistently, very few species have received protection in the two-year period that is

prescribed in the ESA. For species with very small or rapidly declining populations, a multi-

year delay in receiving protection increases the risk of extinction.

Our data suggest that inadequate funding has persisted for decades, with no clear relation-

ship as to which political party is in power (Fig 2A). The unfortunate conclusion is that FWS is

Fig 1. Species status at time of listing, 1985–1991 versus 1992–2020. (A) Comparison of population size at time of listing for plants and animals. There are

no significant differences between the two periods (Wilcox Test values of p = 0.08, p = 0.41, and p = 0.66, for plants, vertebrates and invertebrates respectively).

(B) Comparison of number of populations at time of listing. There are no significant differences between the two periods for plants and invertebrates. Values of

zero indicate species for which there were either no known individuals or no known populations at time of listing. Median values shown above each plot.

https://doi.org/10.1371/journal.pone.0275322.g001
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Fig 2. Trends in number of species protected under the ESA and funding for species management, 1985–2020. (A) Change in cumulative number of ESA listings

compared to change in Resource Management Appropriations. The lower timeline illustrates political control of the Presidency and, by a majority, each house of

Congress. (B) Number of species delisted for various reasons.

https://doi.org/10.1371/journal.pone.0275322.g002
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being asked to do more with less resources. The combination of delays in listing rare species,

the typically mall population sizes of species at time of listing, and inadequate funding for

recovery actions, are the key factors that can explain the relatively small number of listed spe-

cies that have fully recovered (Fig 2B). Resource allocation frameworks and other decision-

support tools can help FWS make the most efficient use of the funds it receives [10], but

increased funding is essential for sustained, substantial progress in protecting imperiled spe-

cies [11, 12]. Studies have shown that government expenditures for imperiled species manage-

ment do contribute to an improvement in recovery status and averted extinctions [13].

Although the US is one of only a handful of nations that have failed to ratify the Convention

on Biological Diversity, its commitment to preventing the loss of its own “non-voting” species

dates back nearly half a century to the passage of the ESA in 1973. In December 2022, when

international leaders gather in Montréal, Canada for the 15th meeting of the Conference of

Parties to the Convention on Biological Diversity, the failure of the US to have solved the fund-

ing gaps that hamper the ESA will stand as a stark reminder of the difference between a vision-

ary promise and its functional implementation.

Supporting information

S1 Data.

(XLSX)

Author Contributions

Conceptualization: Erich K. Eberhard, David S. Wilcove, Andrew P. Dobson.

Data curation: Erich K. Eberhard.

Formal analysis: Erich K. Eberhard.

Investigation: Erich K. Eberhard.

Methodology: Erich K. Eberhard.

Supervision: David S. Wilcove, Andrew P. Dobson.

Visualization: Erich K. Eberhard.

Writing – original draft: Erich K. Eberhard, David S. Wilcove, Andrew P. Dobson.

Writing – review & editing: Erich K. Eberhard, David S. Wilcove, Andrew P. Dobson.

References

1. Ceballos G, Ehrlich PR, Barnosky AD, Garcia A, Pringle RM, Palmer TM. Accelerated modern human–

induced species losses: Entering the sixth mass extinction. Science advances. 2015; 1(5), e1400253.

https://doi.org/10.1126/sciadv.1400253 PMID: 26601195

2. Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services, (IPBES). Global

assessment report on biodiversity and ecosystem services of the Intergovernmental Science-Policy

Platform on Biodiversity and Ecosystem Services. IPBES Secretariat. 2019. Available from: https://

ipbes.net/global-assessment

3. United States. The Endangered Species Act, Public Law 93–205, Section 3. Washington D.C. 1973.

4. U.S. Fish & Wildlife Service. Press Release: U.S. Fish and Wildlife Service Proposes Delisting 23 Spe-

cies from Endangered Species Act Due to Extinction. 2021 Sep 21. Available from: https://www.fws.

gov/press-release/2021-09/us-fish-and-wildlife-service-proposes-delisting-23-species-endangered-

species
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