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1.  INTRODUCTION

We are currently in the midst of a global biological
diversity crisis and the urgency to conserve species
and prevent extinctions is now greater than ever
(Baillie et al. 2008, Butchart et al. 2010, Barnosky et
al. 2011, Pimm et al. 2014, Ceballos et al. 2015). Con-
servation actions, such as in situ and ex situ manage-
ment practices and implementation of conservation
policies, can help alleviate threats and reverse
declining population trends of species threatened
with extinction (Salafsky et al. 2008, Hoffmann et al.
2010, 2015, Luther et al. 2016a). However, conserva-
tion has often been criticized in regard to biases in
conservation effort and resource allocation, with cer-

tain species or locations receiving a disproportionate
amount of funding or attention (Wilcove et al. 1993,
Leonard 2008, Gibbs & Currie 2012, Gratwicke et al.
2012). Given the dire situation of many species, it is
imperative that we maximize the implementation of
effective conservation actions and understand biases
in resource allocation.

Just as the proper assessment of threats is impor-
tant for conservation planning, an awareness of gaps
in conservation action implementation is important
when allocating funds and planning conservation
efforts (Evans et al. 2016, Gerber 2016). Some studies
have also looked at the alignment between conser -
vation actions recommended and those that are im -
plemented (Luther et al. 2016b). While others have
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assessed the implementation of conservation actions,
the majority of studies only looked at one conser -
vation action at a time rather than the suite of
actions that are implemented together (but see
Luther et al. 2016a). However, conservation actions
are seldom im plemented in isolation, and indeed,
there are often several different actions needed to
effectively conserve threatened species. It is there-
fore more insightful to study the efficacy of the over-
all conservation approach (i.e. the suite of conserva-
tion actions implemented).

In this study, we use conservation data to evaluate
the conservation approach for vertebrate species
listed under the US Endangered Species Act (ESA).
In the USA, the ESA is the primary legislation to pro-
tect threatened species and the habitats on which
they depend. The ESA requires the US Fish and
Wildlife Service (USFWS) and the National Marine
Fisheries Service (NMFS) to write a recovery plan
and provide 5 year updates on the conservation
progress of each listed species. Both agencies make
conservation data publicly available in terms of
implemented conservation efforts, funding, and pop-
ulation trends.

Our goal with this paper is to explore the relation-
ships between conservation action implementation,
funding, and population trends amongst taxa and be-
tween marine, island, and continental environments.
An understanding of these relationships can help in-
form decisions and thus potentially improve the ef-
fectiveness of conservation action implementation in
the future. Given the especially dire circumstances
for endangered species on islands (Veitch et al. 2011),
we predict greater implementation of conservation
actions and funding for species on islands compared
to marine and continental species. Given previous
documentation of taxonomic biases, (Grat wicke et al.
2012) we predict that have fewer conservation actions
will be implemented and less funding granted for
amphi bians than for other taxonomic groups investi-
gated in the present study. Finally, we predict that re-
gardless of taxonomic affiliation or location, species
with more conservation actions implemented and
greater funding are more likely to have positive con-
servation trends (Luther et al. 2016).

2. METHODS

2.1.  Data collection

We collected data on conservation action imple-
mentation for all vertebrate species federally listed

under the ESA. We did not include foreign species
listed under the ESA (i.e. species not found in the
USA). Species that have been delisted from the ESA
were not included as their conservation actions are
not in the USFWS database of conservation actions
implemented (see below). When data were available
for multiple populations of a listed species, the popu-
lation information was summed so that the analysis
would be at the level of the listing unit, not sub-popu-
lations within the listing unit. Sixty-seven species
were excluded from the analysis, because they were
listed as exempt from recovery, extinct, or did not
have any conservation actions implemented according
to the USFWS recovery on line activity report (ROAR)
databases (see Table S1 in Supplement 1 at www. int-
res. com/ articles/ suppl/  n039 p105_ supp1. pdf for a list
of all vertebrate species included, and those excluded
from this study). All vertebrate species that had a re-
covery plan and conservation actions implemented as
of January 2016 were included in the analysis.

Information on vertebrate species identity, 5 year
reviews, and conservation expenditures were all found
on publicly available USFWS websites. The ROAR
database was accessed for birds, mammals, amphib-
ians and reptiles between 15 September and 1 October
2015. Websites for fish were accessed in January 2016.
The USFWS ROAR database (https:// ecos.fws. gov/
ecp0/  ore-input/ad-hoc-recovery-actions-public-report-
input) contained information on all implemented con-
servation actions at 5 year intervals from 1995 through
2014. The ROAR database categorizes conservation
actions into the following categories: discontinued,
complete, not started, obsolete, ongoing current,
ongoing not current, partially complete, planned,
and unknown. We only used conservation actions
listed as complete; completed actions mean there has
been time for actions to take effect and potentially
influence the population trends. The ROAR database
only identifies what conservation measures imple-
mented in 5 year intervals. Although this means the
data are analyzed at a coarse scale, it includes over
40 years to assess associations between what has
been implemented and population trends of species.
The data were used to identify which conservation
actions have been implemented for each species and
when they were implemented. The ROAR database
lists descriptions of hundreds of different specific
conservation actions that have been implemented.
Each implemented conservation action was grouped
into one of the following categories to reduce the vari-
ation into manageable units for analysis: enforce regu-
lations, population monitoring, habitat restoration,
habitat protection, invasive species control, ex situ,
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reintroduction, educational awareness, legislation,
critical habitat designation, recovery plan (single- or
multi-species) (after Salafsky et al. 2008, Luther et al.
2016b).

When available, population level information was
collected from the USFWS 5 year review for each
listed species, including the number of individuals
and the number of populations, as well as the year.
All data were conformed to the number of individuals
for each species. For example, breeding pairs were
multiplied by 2 for species reported in number of
breeding pairs rather than number of individuals.
Unfortunately, many species did not have population
data available in 5 year reviews or any other source
through USFWS. In such instances, the IUCN Red
List of Threatened Species was consulted for popula-
tion trend information to determine if a population
was increasing, decreasing, stable, or unknown. Like
the ROAR database, the population data are not
available at a fine scale, but in up to 5 year incre-
ments; however, assessing hundreds of species over
a 40 year timespan should allow us to detect relation-
ships between these variables, even if they are at
coarse scales.

Data on the amount of money spent on the conser-
vation of each species in a given year were collected
from the USFWS ESA library, www.fws.gov/endan-
gered/esa-library/. Based on the available expendi-
ture data from 1996 to 2014 we collected information
on the total amount of money that the federal govern-
ment spent for a species, the average amount of
money spent in a year, and the number of years a
species received funding.

Species were categorized as living on continents,
islands, or in marine environments, because species
in each respective environment often have different
threats and require different conservation strategies.
Freshwater species were grouped with continental or
island species, depending on the environment in
which they live. Some species inhabit 2 of these cat-
egories, such as sea turtles, salmon, and sea lions that
are mostly marine but spend some time on land or in
freshwater systems for reproduction. In such cases,
species were categorized in accordance with the
agency that manages their recovery, NMFS for mar-
ine species or USFWS for continental and island spe-
cies, as they are ultimately responsible for conserva-
tion actions and management decisions involved
with the recovery of the species. Island species
included all ESA listed vertebrate species found on
both oceanic islands, such as Puerto Rico, Guam, and
Hawaii, and continental islands, such as the Channel
Islands in California.

2.2.  Network analysis of conservation approach

We use undirected network graphs to assess the
connectedness of conservation action implementation
for island, marine, and continental species. For each
landmass, we created a biadjacency matrix consisting
of conservation actions. The ‘bipartite_projection’
function of the igraph package in R (Csardi & Nepusz
2006) created a bipartite projection of a 1-mode net-
work of individual conservation actions by conserva-
tion actions shared among conservation plans. The
resultant weighted adjacency matrix of the bipartite
projection is the matrix product of the interaction ma-
trix and its transpose. The igraph package ‘plot’ func-
tion, with the default Fruchterman-Reingold algo-
rithm, depicted each network. The represented scale
of node size and edge weight was adjusted to mini-
mize node−node and node−edge overlap. Node size
was set according to its degree of centrality, a node-
scale measure of the number of conservation action
plans that included a particular conservation action.

We also describe several network-scale measures,
including the number of network components and
network density. A network component is defined as
a disconnected portion of the network, whereas net-
work density is the number of realized ties between
nodes out of the maximum number of ties possible.
Finally, we use the modularity index, Q, to quantify
the degree of community structure in each network
(Girvan & Newman 2002, Newman & Girvan 2004,
Newman 2006). Modularity is a measure of the pro-
portion of ties that occur within communities, relative
to the expected proportion if all ties were placed ran-
domly. We used both agglomerative and divisive
modularity optimization algorithms to detect network
community partitions, or modules. Specifically, we ran
the divisive edge.betweenness.community() algo  rithm
(Newman & Girvan 2004) and the hierarchical agglom -
erative fastgreedy.community()algorithmoneach land -
mass network.

2.3.  Conservation action implementation, funding,
and population trends

To test for differences in implementation of conser-
vation actions across taxa and landmass categories,
we used a Fisher’s exact test for count data using R
and the ‘fifer’ package to conduct a chi-square Bon-
feronni corrected post hoc test examining pairwise
differences with the p-value criteria for taxa chang-
ing from <0.05 to <0.01 and landmass from <0.05 to
<0.017 (Fife 2017).
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One-way analysis of variance tests (ANOVAs)
were used to test if the total amount of funding,
the average annual funding, and the number of con -
servation actions implemented differed between
taxa, or by landmass type. Data met assumptions of
normality and homogeneity of variances based on
results from a Levene’s test. Tukey tests were used
to distinguish significant differences between taxa
and landmass categories. Similarly, we used one-
way ANOVAs to test if the number of conservation
actions implemented was associated with the total
amount of funding or the average annual funding
for a species. ANOVAs were also used to assess if
funding was significantly associated with increas-
ing or decreasing population trends, or species
with single or multi species recovery plans.

We examined average annual funding and the
implementation of each management action with
binomial logistic regression models. Binomial logistic
regression was also used to test for significant rela-
tionships between each action and increasing popu-
lation trends. Population trend tests only included
species with increasing population trends (N = 51)
and decreasing population trends (N = 138), and did
not include species with stable (N = 41) or unknown
population trends (N = 79). The models were not
tested using subsets of species per taxa or per land-
mass categories due to sample size limitations in
terms of the number of species with population trend
data. All statistical analyses were performed in R
(version 3.2.3, R Development Core Team 2015).

3.  RESULTS

3.1.  Network analysis of conservation approach

There were 39, 18, and 130 unique combinations of
conservation actions implemented per species on
marine, continental, and island landmasses, respec-
tively. All networks were fully connected, containing
a single, non-modular component (Q = 0, regardless
of modularity optimization method). Network density
was 0.97 for marine species and 1.0 for island and
continental species.

A majority of species-specific conservation ap -
proaches in all 3 landmass categories included edu-
cational awareness (67−95% of species), habitat pro-
tection (58−86% of species), and monitoring (75− 90%
of species) (Fig. 1). Each of the possible 2-way combi-
nations of the 3 actions were co-specified in 54% of
species on islands. Comparatively, 58% of continen -
tal species conservation actions included education
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Fig. 1. Network graphs of conservation action imple-
mented for (a) island, (b) marine, and (c) continental spe-
cies. The nodes (circles) represent conservation actions,
and weighted edges (lines) the number of conservation ac-
tions in which both nodes/conservation actions of a dyad
are included. Leg: legislation; CHD: critical habitat desig-
nation; ISC: invasive species control; ExS: ex situ; ReI: rein-
troduction; HR: habitat restoration; HP: habitat protection;
Mon: monitoring; Educ: education; ER: enforce regulations.
Node size and edge is scaled at 10, 25, and 3% of original
size for marine, island, and continental conservation actions 

networks, respectively



Luther & Gentry: Conservation actions for threatened species

and habitat protection; 71% included monitoring and
habitat protection; and 69% included education and
monitoring. In contrast, 81% of marine species had
education and habitat protection, and habitat protec-
tion and monitoring implemented. However, dual im-
plementation of education and monitoring was imple-
mented for 91% of marine  species.

3.2.  Conservation action implementation, funding,
and population trends

3.2.1.  Landmass categories

There were notable differences in the implementa-
tion of specific conservation actions among landmass
categories (Table 1). In particular, the conservation ac-
tions habitat restoration, critical habitat designation,
and invasive species control were not implemented
equally across landmass categories (Fisher’s exact test,
p = 0.005; p = 0.003; p = 0.003, respectively). Continen-
tal species had significantly more habitat restoration
and critical habitat designation than species on islands
(Bonferroni adjusted  p-values, p = 0.0067 and p =
0.0052, respectively). Species on islands had signifi-
cantly more invasive species control implemented
than continental species (Bonferroni adjusted p-value,
p = 0.0117). In contrast, there were no significant dif-
ferences in the implementation of regulation enforce-
ment, ex situ, legislation, education, monitoring, or
species reintroductions among landmass categories.

3.2.2.  Taxonomic groups

Among taxonomic groups only the conservation
actions educational awareness and legislation were

implemented differently. Educational awareness was
significant among the different taxa (Fisher’s exact
test, p = 0.0002), with significantly more educational
awareness for mammal species than fish or bird spe-
cies (Bonferroni adjusted p-value, p = 0.0005 and p =
0.0021, respectively). Legislation was not imple-
mented equally across the taxa (Fisher’s exact test,
p < 0.0001), with fish having significantly more legis-
lation implemented than amphibians or reptiles
(Bonferroni adjusted p-value, p = 0.0003 and p =
0.0026, respectively) and mammals having signifi-
cantly more legislation than amphibians (Bonferroni
adjusted p-value, p = 0.0007). There were no other
significant differences in the implementation of the
conservation actions between taxa (i.e. enforce regu-
lations, ex situ, habitat protection, invasive species
control, reintroduction, habitat restoration, monitor-
ing, or critical habitat designation).

The total number of conservation actions imple-
mented did not differ among taxa or landmass cate-
gories (F304,4 = 0.63, p = 0.64; F306,2 = 1.52, p = 0.22,
respectively). There was also no difference in the
total number of actions implemented between types
of recovery plans (single or multiple) (F307,1 = 0.40, p =
0.53), or between species with increasing and
decreasing population trends (F187,1 = 0.01, p = 0.92).

3.2.3.  Population trends

Overall, 17% of species had increasing population
trends, 13% stable, 45% decreasing and 26% of spe-
cies in this study had unknown population trends
(Fig. 2). In general, species on islands were most
likely to have declining population trends: 69%,
compared to 44% of marine and 37% of continental
species. Population trends for amphibians were only
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Conservation action Environment                                                                  Taxa
                                                    Continental     Island     Marine            Amphibian      Bird          Fish      Mammal     Reptile

Education                                         73.06           66.67       95.24                   88.89          66.28         63.73         35.29          74.29
Enforce regulations                         47.95           49.28       57.14                   55.56          51.16         44.12         44.12          62.86
Ex situ                                              27.40           33.33       14.29                   27.78          33.72         33.33         20.59          11.43
Habitat protection                           74.43           57.97       85.71                   61.11          66.28         70.59         77.94          80.00
Habitat restoration                          57.99           36.23       42.86                   50.00          48.84         64.71         42.65          42.86
Invasive species control                  31.05           50.72       19.05                   33.33          45.35         29.41         29.41          34.29
Legislation                                       36.53           30.43       52.38                    0.00           27.91         50.00         47.06          14.29
Monitoring                                       88.13           75.36       90.48                   94.44          74.42         86.27         94.12          88.57
Reintroduction                                 36.99           33.33       33.33                   27.78          31.40         41.18         41.18          25.71
Critical habitat designated             42.47           21.74       52.38                   44.44          26.74         48.04         33.82          45.71
No. of species with                           219               69            21                        18               86             102             68               35
conservation actions

Table 1. Percentage of species with each class of conservation action and population trends by landmass and taxa categories
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decreasing or unknown on islands, and the majority
of island birds had decreasing population trends. For
reptiles and mammals, population trends were de -
creasing or unknown on islands and in marine envi-
ronments. Continental species had the most stable
population trends, 18%, compared to 4% of marine
and 2% of island species. Twenty-two percent of

marine species had increasing population trends
while 16% of continental and island species had
increasing population trends (Fig. 2).

Increasing population trends were positively asso-
ciated with single species recovery plans (N = 214)
rather than multispecies recovery plans (N = 95)
(Z187 = 2.70, p = 0.007). Binomial regression models
revealed that none of the other implemented conser-
vation actions were associated with increasing or
decreasing population trends (see Table S2 in Sup-
plement 1 for a full report of results).

3.2.4.  Funding

There was no difference in the total amount of
funding (F304,4 = 0.39, p = 0.8) or average annual
funding between the different taxa (F304,4 = 0.44, p =
0.77) (Table 2). There were significant differences in
the total amount of funding between the different
landmass categories (F306,2 = 12.74, p < 0.001), with
marine species receiving significantly more total
funding than species on islands and on continents
(Tukey’s honestly significant difference [HSD], p <
0.001, and p < 0.001, respectively). The average
annual funding is also not equal across the different
landmass categories (F306,2 = 14.09, p < 0.001), with
marine species receiving significantly more funding
on average than island and continental species
(Tukey’s HSD, p < 0.001 and p < 0.001, respectively).

The total amount of funding and the average
annual funding was significantly higher for species
with single species relative to multi species recovery
plans (F307,1 = 10.1, p = 0.002; F307,1 = 11.1, p = 0.001,
respectively). There were no significant relationships
between population trends and the total amount of
funding or the average annual funding (p = 0.97 and
p = 0.42, respectively).

4.  DISCUSSION

This study’s investigation into the relationships
between implemented conservation actions, funding,
and population trends of threatened species revealed
fewer than expected associations between these
variables, but did indicate large funding discrepan-
cies between threatened species in different land-
mass types. Specifically, we identified 3- and 10-fold
differences in funding between species in marine
compared to continental, and island locations, re -
spec tively. We also found a few differences in conser-
vation action implementation based on landmass and
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Fig. 2. Population trends of ESA-listed vertebrate species (a)
in marine environments, (b) on islands, (c) in the continental
US. Colored bars show population trends for amphibians,
birds, fish, mammals, and reptiles. Across the board, the
population trends for the majority of species are decreasing 

or unknown, especially for marine and island species
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taxonomic groups, though conservation plans for all
species and locations tended to involve a combina-
tion of educational awareness, monitoring, and habi-
tat protection. Unfortunately, the paucity of data on
population trends for vertebrate species listed on the
US ESA contributed to difficulties in analyzing and
interpreting results related to population trends and
the efficacy of implemented conservation actions.

4.1.  Implementation of conservation actions

In general, we found greater parity than anticipated
in terms of the conservation approach implemented in
marine, island, and continental environments. Across
environments, educational awareness, monitoring, and
habitat protection were a core set of conservation ac-
tions implemented for the majority of listed species.
There were large differences in the number of unique
combinations of conservation actions implemented
across the different environments, with islands having
130 unique combinations, while continental and mar-
ine species had 30 and 18 unique combinations, re-
spectively. These discrepancies could be the result of
different threats on different islands or could poten-
tially result from less targeted species conservation
approaches for marine and continental species. Either
way, the relationships should be pursued in follow-up
studies. Other actions, however, were implemented
disproportionately among the different environment
categories and taxonomic groups. For ex ample, we

ob served that invasive species control
was implemen ted more for species on is-
lands compared to continental or marine
species. This finding makes sense given
that invasive species are one of the main
threats to species on islands (Clavero &
García-Berthou 2005). Concentrated ef-
forts to eradicate ex otic invasive species
on islands should thus have tangible
benefits for threatened species on those
islands (Veitch et al. 2011, Jones et al.
2016).

In comparison, the conservation ap -
proach for continental species more
often involved habitat related conserva-
tion actions, such as habitat protection,
critical habitat designation and habitat
restoration (see Luther et al. 2016b).
The reason behind this discrepancy is
unclear but could be due to many con-
tributing factors or differences in threats.
For example, islands have less available

habitat for protection or restoration, remaining habi-
tat may already be preserved, or fewer expenditures
for species on islands might prohibit these conserva-
tion actions from being implemented (Leonard 2008,
Luther et al. 2016b), or the threats to habitat integrity
are greater in continental systems. Nevertheless,
habitat related conservation actions can have large
benefits for species recovery (Wilcove & Chen 1998,
Taylor et al. 2005, Gibbs & Currie 2012), especially
on islands, where population trends are more likely
to be in decline (Kier et al. 2009, Reed et al. 2012,
Luther et al. 2016b).

Legislative actions and educational awareness ef -
forts were not associated with specific environment
categories but were greater for mammal and fish spe-
cies than other taxonomic groups. In fact, marine
mammals and game fish made up the majority of the
species for which legislation and educational aware-
ness actions were implemented. This bias could have
arisen in an effort to overcome a long history of over-
harvesting in the United States (e.g. big game trophy
hunting, fur trapping, systematic extermination, and
unsustainable fishing practices; see Hutchings 2000,
Leader-Williams & Dublin 2000, Treves & Karanth
2003, Hutchings & Reynolds 2004). Legislation can
be used to control the different types of overexploita-
tion such as fishing or hunting, but legislation is also
used, albeit controversially, to set maximal sustain-
able yields for commercial use and special-circum-
stance harvesting (Robinson & Bennett 2004, Worm
et al. 2009). While the present study did not find asso-
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                       No. of years   Total funding  Average funding    Actions 
                          a species      (US$ million)   (US$ million) yr−1   in place 
                         is funded       per species          per species      per species

Environment
Continental    14.74 ± 4.34      16.4 ± 45.3             1.1 ± 3.1         5.71 ± 2.27
Island             12.22 ± 2.96       3.2 ± 5.10              0.3 ± 0.4         5.19 ± 3.24
Marine           14.52 ± 4.69      57.2± 75.6             4.1 ± 4.9         6.10 ± 2.39

Taxa
Amphibian     15.33 ± 3.87        4.6 ± 9.7               0.3 ± 0.6         5.83 ± 2.20
Bird                 11.19 ± 2.11      15.8 ± 33.6             1.3 ± 2.8         5.27 ± 3.23
Fish                 15.93 ± 3.42      18.2 ± 56.7             1.2 ± 3.6         5.69 ± 2.27
Mammal         13.78 ± 5.90      15.7 ± 47.6             1.1 ± 3.1         5.78 ± 2.10
Reptile            16.49 ± 1.01      19.1 ± 31.5             1.1± 1.8         5.89 ± 2.23

Table 2. Number of years a species received funding, total funding, aver-
age annual funding for each species as allocated by the US government,
and the average number of conservation actions per species by environ-
ment and taxa categories. Marine species received more total and annual
average funding than continental or island species. There was no signifi-
cant difference between the amount of funding and the average number of 

conservation actions among taxa. All values are mean ± SD
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ciations between educational awareness or legisla-
tion and population trend increases, Luther et al.
(2016a) did find positive associations between both
educational awareness and legislation and popula-
tion trends for globally threatened bird species.
Thus, in some contexts, these actions can have tangi-
ble results in terms of species recovery.

4.2.  Funding allocations

Marine species received far more federal funding
than continental or island species. The scale of the
discrepancy between allocated funding for each envi-
ronment was enormous, with marine species receiving
3 times more annual funding than continental species
and 10 times more annual funding than species on is-
lands. Previous research detected similar discrepan-
cies between continental and island avian species but
did not include all listed vertebrates or marine species
(Leonard 2008, Luther et al. 2016b). The observed dif-
ferences in funding allocations reflect either different
levels of funding for agencies that oversee marine
species (NMFS) and terrestrial species (USFWS) or
fundamentally different cost needs for marine and
terrestrial-based conservation actions. Alternatively,
the discrepancy in funding could be that the marine
species receive more funding per species because
there are fewer of them, which allows for greater ex-
penditures on each species. This situation could be
further explained by the fact that marine species have
single species re covery plans, whereas many terres-
trial species are part of multi-species recovery plans,
which have been shown to have greater funding
 allocation (Gibbs & Currie 2012). There is strong evi-
dence that recovery success tends to improve with in-
creased expenditures (Miller et al. 2002, Scott et al.
2005, Ferraro et al. 2007, Gibbs & Currie 2012, Luther
et al. 2016b), yet the details of the relationship be-
tween funding and population recovery are still
vague, and increased expenditures are not always
equivalent with species recovery. For example, in our
study the number of marine species with increasing
population trends is only 5% higher than terrestrial
species and not significantly different, despite a 10-
fold difference in funding. This finding warrants fur-
ther exploration through the use of ‘pressures-and-
conservation-impact’ models or other evidence based
models (see Possingham & Gerber 2017, Waldron
et al. 2017). For instance, Waldron et al. (2017) de -
termined that conservation investment reduced bio -
diversity loss in over 100 countries using an evidence-
based model that accounted for the effects of

con servation investment and human development
pressures. Thus, a similar analytical approach could
be taken to understand how biodiversity loss changes
with funding and conservation approach at a smaller
scale, such as in marine versus terrestrial environ-
ments within the United States.

Species with single species recovery plans re -
ceived more funding and were more likely to have
positive population trends than species with multiple
species recovery plans (see also Clark & Harvey
2002, Gibbs & Currie 2012). While designing multi-
ple species recovery plans might be more practical
for over-extended agencies (Clark & Harvey 2002), it
does not appear to facilitate species recovery. Spe-
cies within multi-species plans are not all affected by
the same threats, despite coexisting in the same
region, and therefore do not necessarily benefit from
conservation actions in the same way. While group-
ing species based on threat, in addition to taxonomy
and environment type, will likely require more fund-
ing, it could improve the effectiveness of multi-
species plans (Clark & Harvey 2002).

While we used the best available funding data,
there are several limitations to the funding data avail-
able from the USFWS regarding the annual ex -
penditures on each ESA-listed species. The first of
these limitations is that they only report state and fed-
eral expenditures and do not include expenditures
from counties, cities, private sources, or non-profit
groups, which can be substantial. Secondly, submis-
sion of state data to this database is voluntary, which
could lead to biases in apparent funding for some
species but not others. To avert this potential bias, we
only included federal funding in the current study.
We acknowledge that the funding data included in
this paper are not the exact funding for each species,
but it is the amount that the federal government has
allocated for each species. By aggregating species by
taxonomic order and environment categories we
have attempted to look at broader trends in funding
by these categories than for specific species, which
should dilute any deficiencies in the data.

4.3.  Population trend data and knowledge gaps

A relatively large portion of the vertebrate species
had unknown or declining population trends. The
paucity of species with increasing population trends
partially explains the lack of association with funding
or specific conservation actions. The fact that only
17% of 308 species in our study had positive popula-
tion trends might explain why our results do not align
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with those of Taylor et al. (2005), who assessed all
listed species, rather than just vertebrate species,
and found that species with designated critical habi-
tat were more likely to have increasing population
trends.

Although other studies generally found a relation-
ship between ESA tools, including listing, designa-
tion of critical habitat, development of recovery
plans, and increasing population trends (Hoekstra et
al. 2002, Scott et al. 2005, Langpap & Kerkvliet 2010,
Gibbs & Currie 2012, Neel et al. 2012), differences
between the current results and other studies could
result from different sample sizes, methodologies, and
taxa included in the studies. We used population
trends reported in the USFWS status review, whereas
earlier studies used the changes in population trend
status from the USFWS biennial recovery reports to
the US Congress (Taylor et al. 2005). The biennial
reports do not provide as much detail as our method
and potentially have a less broad view than the
method that we used. In addition, the current study
only looked at vertebrate species while others looked
at all species listed under the ESA or only at specific
taxa such as birds.

In a similar fashion as the present study, Taylor et
al. (2005) focused on conservation actions for threat-
ened species in Australia and found that threatened
species had positive population trends when their
range overlapped with protected areas, but they
found no associations with other types of conserva-
tion actions. Potentially the efficacy of conservation
actions other than habitat protection on population
trends is too subtle for us to detect with current ana -
lyses or there are so many covariates that it is difficult
to disentangle their effectiveness. Certainly, individ-
ual conservation actions are rarely implemented in
isolation, and data collection at fine scales for such
actions is not openly public, which makes tracking
their effectiveness a difficult task.

Our analysis did not include ESA species that had
been delisted during the period of analysis, as the
conservation actions of these species were excluded
from the ROAR USFWS dataset. Data on delisted
species would have potentially provided valuable
insight into the relationship between various conser-
vation actions and changes in population trends. In
addition, we did not include many species that were
listed under the ESA but were either exempt from re -
covery or still did not have recovery plans. We rec-
ommend future efforts involve an investigation into
which actions were instrumental in the recovery of
these species to elucidate the most effective conser-
vation strategies going forward.

One original intent of the present study was to
assess the efficacy of conservation action implemen-
tation by assessing associations with population re -
covery. Upon inspection of the data, it became ob -
vious there were not enough details for such an
assessment. Moreover, the population trend data and
the conservation action data were both too coarse for
many species, with a minimum of reports at 5 year
intervals for implementation of conservation actions
as well as population data. In addition, the data were
generally focused at the species level, but conserva-
tion actions often take place in specific populations,
rather than for the whole species across its range. We
encourage more detailed reporting of conservation
data and population vital rates of threatened species
so that conservation recovery can be properly and
thoroughly assessed. This knowledge is crucial if we
are to try and improve the standing of threatened
species around the world.

Data archive. The dataset used in this study is available in
Supplement 2 at www. int-res. com/ articles/ suppl/ n039 p105 _
supp2. xlsx
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