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current population size was given, (2) if a measure of uncertainty or variance was
associated with current estimates of population size and (3) if population size was
stipulated for recovery. We found that 59% of completed recovery plans specified a current
population size, 14.5% specified a variance for the current population size estimate and
43% specified population size as a recovery criterion. More recent recovery plans reported
more estimates of current population size, uncertainty and population size as a recovery
criterion. Also, bird and mammal recovery plans reported more estimates of population
size and uncertainty compared to reptiles and amphibians. We suggest the use of calculating
minimum detectable differences to improve confidence when delisting endangered animals
and we identified incentives for individuals to get involved in recovery planning to
improve access to quantitative data.

Keywords: delisting; Endangered Species Act; minimum detectable difference; population
size; recovery criteria; variance

1. Introduction

In the United States, wildlife species of conservation concern are listed as either “endangered” or
“threatened” depending on their status and probability of extinction as outlined within the Endangered
Species Act [1]. The Endangered Species Act of 1973 [1] was created to provide a means by which
endangered and threatened species and the ecosystems upon which they depend could be conserved
(ESA sec. 2(5b)). The term “endangered” refers to “any species that is in danger of extinction
throughout all or a significant portion of its range,” and the term “threatened” refers to “any species
which is likely to become an endangered species within the foreseeable future throughout all or a
significant portion of its range” [1]. Each species placed under the ESA is given a recovery plan. The
U.S. Fish and Wildlife Service [2] bases recovery of listed species on proposed recovery criteria
stipulated within approved recovery plans. Recovery plans contain all the available biological
information for a listed species and specify the recovery criteria (a.k.a., recovery goals, recovery
benchmarks, or recovery objectives) that (when achieved) will provide the basis for downlisting (i.e.,
reclassifying a species from endangered to threatened status) or delisting (i.e., removing a species from
the protection of the ESA) [2].

Since its enactment, 1,476 species have been listed under the ESA, with 29 species delisted as
recovered [3]. A total of 1,142 listed species have recovery plans to guide recovery efforts [3]. In 1988,
an amendment required that all recovery plans include “objective, measurable” delisting criteria [4].
Population size is an example of such a criteria. Setting population targets is important because the
targets allow biologists to determine if conservation efforts are successful, how much additional
protection is needed, how much harvest can be allowed and which threats may need to be addressed
first to increase population levels [5]. Gerber and Hatch [4] found that listed species with more
quantitative recovery criteria (e.g., population size) had improving recovery status. Thus, recovery
goals for listed species help play a central role in applying science to policy and translating policy
into action [6].
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Amphibia, Aves, Mammalia and Reptilia). Statistical significance was based on a p-value < 0.05 and
all statistical tests were conducted using Minitab® [11].

3. Results and Discussion
3.1. By the Numbers

A total of 200 listed terrestrial vertebrate species out of 240 had completed recovery plans [3]. We
found 59% of completed recovery plans specifying a current population size and 14.5% specifying a
variance for the population size estimate. Of the recovery plans that stipulated a population size as
downlisting criteria, 24% reported variance for the current population size. Of the recovery plans that
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interval to incorporate a greater margin of error and create more robust estimates for stipulated
recovery criteria.” This requires the need for more rigorous survey efforts that incorporate a measure
of uncertainty. For example, the recovery plan for the Marbled Murrelet (Brachyramphus marmoratus)
recommended that the development of more robust consistent survey efforts be conducted before a
current population size is defined [13].

Tear et al. [6,8] suggested that population size estimates should incorporate error or uncertainty
when stipulating recovery criteria so species are not delisted prematurely. One approach we
recommend for developing more detailed and robust recovery criteria when defining population size is
by incorporating uncertainty into calculations of a minimum detectable difference between current
population size and specified recovery criteria for delisting [14]. A minimum detectable difference
(MDD) represents the smallest difference or change that would be statistically significant when
comparing different samples depending on the variance of the samples and a defined level of
uncertainty [14]. The equation below can be used to determine MDD (indicated with ():

In this equation, n is the specified sample size (i.e., number of surveys used to estimate population
size), szp is the variance in the population size estimates, and tyy and tp)y are applied by using a
one-tailed t-value at a significance level of say 0.10. The calculation of a MDD can then be modified
to determine how much larger a recovery criteria for population size must be to ensure 90% confidence
for recovery. If delisting were to be considered for a listed species, a biologist could calculate MDD,
based on past survey data, and then add the MDD to the species’ recovery criteria. If the current
population size is greater than the sum of MDD and the species’ recovery criteria then the biologist
would be >90% confident the species had achieved the recovery criteria. This could provide biologists
more confidence to downlist or delist a species based on best available science, rather than strong
political pressure.

For example, in order for the Whooping crane (Grus Americana
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