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Conservation resources have become increasingly limited and, along with social,

cultural and political complexities, this shortfall frequently challenges effectiveness in

conservation. Because conservation can be costly, efforts are often only initiated after

a species has declined below a critical threshold and/or when statutory protection

is mandated. However, implementing conservation proactively, rather than reactively,

is predicted to be less costly and to decrease a species’ risk of extinction. Despite

these benefits, I document that the number of studies that have implemented proactive

conservation around the world are far fewer than those that simply acknowledge the need

for such action. I provide examples of proactive actions that can ameliorate shortfalls

in funding and other assets, thus helping conservation practitioners and managers

cope with the constraints that resource limitation imposes. Not all of these options are

new; however, the timing of their implementation is critical for effective conservation,

and the need for more proactive conservation is increasingly recognized. These

actions are (1) strengthening and diversifying stakeholder involvement in conservation

projects; (2) complementing time-consuming and labor-intensive demographic studies

with alternative approaches of detecting declines and estimating extinction risk; and (3)

minimizing future costly conservation and management by proactively keeping common

species common. These approaches may not constitute a cure-all for every conservation

crisis. However, given escalating rates of species’ losses, perhaps a reminder that

these proactive actions can reduce conservation costs, save time, and potentially thwart

population declines is warranted.

Keywords: citizen science, conservation triage, extinction risk, population declines, prioritization, proactive

conservation, resource limitation, stakeholder collaboration

INTRODUCTION

Effective conservation is frequently influenced by the availability of critical resources and their
allocation among competing needs. Shortfalls in funding and other assets, along with social,
political, and cultural challenges, often oblige practitioners and managers to make difficult
allocation decisions so that conservation impacts can be maximized. Subsequently, prioritization of
conservation needs can leave some goals unmet, management actions delayed or rejected, or at-risk
species with inadequate management and protection. Guidelines exist for setting conservation
priorities using formal decision theory and return on investment approaches, with demonstrated

https://www.frontiersin.org/journals/ecology-and-evolution
https://www.frontiersin.org/journals/ecology-and-evolution#editorial-board
https://www.frontiersin.org/journals/ecology-and-evolution#editorial-board
https://www.frontiersin.org/journals/ecology-and-evolution#editorial-board
https://www.frontiersin.org/journals/ecology-and-evolution#editorial-board
https://doi.org/10.3389/fevo.2018.00024
http://crossmark.crossref.org/dialog/?doi=10.3389/fevo.2018.00024&domain=pdf&date_stamp=2018-03-16
https://www.frontiersin.org/journals/ecology-and-evolution
https://www.frontiersin.org
https://www.frontiersin.org/journals/ecology-and-evolution#articles
https://creativecommons.org/licenses/by/4.0/
mailto:swalls@usgs.gov
https://doi.org/10.3389/fevo.2018.00024
https://www.frontiersin.org/articles/10.3389/fevo.2018.00024/full
http://loop.frontiersin.org/people/468476/overview


Walls Options for Resource-Limited Conservation

utility for prioritizing protected sites, management actions, and
species (e.g., Joseph et al., 2009; Wilson et al., 2009; Carwardine
et al., 2012; Semlitsch et al., 2017). Referred to as “conservation
triage,” this approach is currently a highly debated topic in
conservation biology. Supporters argue that this approach is
simply an efficient, logical use of limited conservation resources,
whereas opponents are concerned that the practice of investing in
recovery of some species at the expense of others is unethical (e.g.,
Bottrill et al., 2008; Jachowski and Kesler, 2009; Buckley, 2016;
Wilson and Law, 2016; Vucetich et al., 2017).

Going forward, there are ways to reduce the severity of
resource limitation impacts on conservation which, in some
situations, could limit or even eliminate the need for triage.
If population declines are observed and acted on quickly in a
proactive manner, basic, cost-effective actions could help prevent
species from declining to critical levels, avoid costly species
recovery and, therefore, avoid the need for triage. I am not
the first to express concerns about the need for more proactive
conservation (e.g., Drechsler et al., 2011; Martin et al., 2012).
However, the extent to which proactive measures are actually
implemented, rather than simply promoted, is not clear. Here I
first outline the cost and time savings that proactive conservation
affords. I then explore existing literature to assess the frequency
with which proactive strategies are actually implemented. Last,
I offer a reminder that by proactively strengthening and
diversifying interactions with stakeholders, using time-efficient
approaches to detect declines and estimate extinction risk,
and keeping common species common, conservation could be
sustained in the face of limited resources and time constraints.

PROACTIVE STRATEGIES CAN MINIMIZE
CONSERVATION COSTS AND TIME
DELAYS

The cost of conservation is usually a pivotal consideration for
decision makers. Globally, the annual cost to reduce extinction
risk of threatened species has been estimated at US $76 billion
(McCarthy et al., 2012) and, in the United States, the annual cost
to protect endangered species from just two conservation threats
(alien species and the disruption of fire regimes) was estimated
at US $32–42 million per year (1997 $US; Wilcove and Chen,
1998). Because of cost, in many cases conservation only starts
when species are under mandated statutory protection to prevent
extinction. Yet, ironically, proactive conservation is predicted
to cost less than delayed action. In Germany, for example, the
common hamster (Cricetus cricetus) is threatened by habitat
loss and agricultural intensification (Drechsler et al., 2011). An
exercise in comparing cost functions of a proactive approach
(implementing conservation measures once population size is
threatened to decline below a critical level), vs. that of the existing
hamster conservation policy (conservation actions delayed until
population was critically endangered) demonstrated that the
proactive approach would have saved between 17.2 and 36.4
million euro ($18.6–$39.2 million) compared to the existing
policy of delayed conservation (Drechsler et al., 2011).

Conservation biologists argue that actions need to be initiated
before a species becomes endangered and is at risk of extinction
(Martin et al., 2012). In reality, however, conservation often
only starts when species are already in crisis, with populations
having declined to critical levels (Drechsler et al., 2011).
Such delays in starting conservation can limit conservation
options for managers, increase uncertainty regarding outcomes,
and elevate a species’ extinction risk and recovery costs
(Dresser et al., 2017). When species reach critically low
levels, recovery typically requires bringing individuals into
captivity to establish captive assurance colonies and breeding
programs. This conservation dilemma is exemplified by the
now-extinct Christmas Island pipistrelle (Pipistrellus murrayi)
and the critically endangered Orange-bellied Parrot (Neophema
chrysogaster)—both from Australia (Martin et al., 2012). This
dilemma is also well-illustrated by three United States’ species
listed under the Endangered Species Act as endangered in
1967—the black-footed ferret (Mustela nigripes), California
Condor (Gymnogyps californianus), and red wolf (Canis rufus)—
all of which continued to decline after listing and currently
remain classified as endangered (Lockhart et al., 2006). Even
for species less critically endangered, starting conservation
efforts before they receive formal protection can accelerate
the recovery process and minimize further declines while
waiting for legal safeguards to get underway (e.g., island
foxes, Urocyon littoralis littoralis; U. l. santacruzae; and U.
l. santarosae: Coonan et al., 2014; King et al., 2014; Williams,
2016).

HOW OFTEN IS PROACTIVE
CONSERVATION PRACTICED
WORLDWIDE?

Implementation is a critical part of any proactive conservation
planning, yet this step is often neglected (e.g., the Christmas
Island pipistrelle, Martin et al., 2012; Cook et al., 2014). Using
the Thomson Reuters Web of ScienceTM database, I used
the Boolean search string “proactive Near/5 conservation” to
compile studies of proactive conservation. I identified 62 studies
from 12 different regions of the world in which proactive
conservation at the species level was either implemented or,
at least, recognized as a need (systems-level actions, such as
establishment of protected areas or payment for ecosystem
services, were not included in this search). All of these studies
acknowledged that proactive conservation was needed, but only
22.6% indicated that such a conservation strategy had actually
been implemented (Appendix S1). Nearly one-third of the studies
that referred to proactive conservation were conducted in the
United States and its territories (32.3%), with the second-highest
number of studies conducted in Central and South American
countries (14.5%) (Figure 1, Appendix S1). Thus, although
the need for proactive conservation is widely recognized, its
actual implementation is less common and is geographically
biased.
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FIGURE 1 | Number of studies in various regions of the world in which

proactive conservation was implemented or the need for such a strategy was

recognized.

WAYS TO IMPROVE CONSERVATION
EFFECTIVENESS UNDER RESOURCE
LIMITATION

Strengthen and Diversify Stakeholder
Involvement
The involvement of stakeholders—defined as “all interested
and affected parties, including governmental agencies, non-
governmental organizations, the private sector, and the general
public” (Burger et al., 2017)—is increasingly necessary to
address complex challenges in conservation and management
of imperiled species, especially given increasing financial
constraints and shortfalls in personnel (Moore et al., 2011;
Cheruvelil et al., 2014; Housty et al., 2014; Burger et al., 2017).
Several stakeholder types (e.g., state and federal agencies,
independent scientists, non-governmental conservation
organizations: Burger et al., 2017) can provide personnel to
assist with project needs, as well as funding in the form of
grants and “in-kind” support. Other stakeholders, such as local
communities and the public, in general, can provide access
to diverse, volunteer workforces and offer a cost-effective
means of accomplishing project goals (Silvertown, 2009; Burger
et al., 2017). Thus, involving a wide range of stakeholders in
conservation efforts may be an effective means of “accomplishing
more with less, while gaining public support” (Burger et al.,
2017). Stakeholders can provide additional benefits, such as
opportunities to work in locations that may otherwise not
be feasible (e.g., private lands and urban environments),
as well as a variety of perspectives and experiences from
which to develop solutions to conservation and management
problems. Although stakeholder involvement is mainstream
and widespread, empirical evidence of its effectiveness is either
sparse or uncertain, indicating a need to strengthen and improve
relationships with stakeholders (Beever et al., 2014; Baylis et al.,
2016; Pattberg and Widerberg, 2016). Moreover, the process
of engaging stakeholders of various types is likely much more
complicated than is represented here.

The involvement of citizen stakeholders in scientific
projects—a practice known as citizen science— is not a new

phenomenon, although volunteer participation, as well as the
projects themselves, are rapidly increasing and diversifying
worldwide (Cohn, 2008; Bonney et al., 2014). Advocates of
citizen science assert that this practice can facilitate efforts that
would otherwise be prohibitive because of the cost, time, and/or
geographic scale of the project (Silvertown, 2009). Moreover,
citizen science educates participants about environmental issues,
leading to better-informed public engagement in government
decision-making (McKinley et al., 2017). In some cases, citizen
scientists can provide meaningful estimates of population
trends, at least for common species whose identification is
straightforward (Petrovan and Schmidt, 2016; Dennis et al.,
2017). However, not all conservation efforts are amenable to
public involvement, and citizen science remains a controversial
issue in conservation biology, with concerns expressed about the
accuracy and reliability of data collected by volunteers (Cohn,
2008; Bernard et al., 2013; Bonney et al., 2014).

Local communities constitute another low-cost workforce,
and including community members in conservation efforts also
fosters stewardship, a sense of ownership, and teamwork in
finding solutions to environmental issues that impact them.
Many conservation efforts with local communities have been
effective in protecting habitat and/or imperiled species (e.g., Li
et al., 2013; Lambrick et al., 2014; Shanee and Shanee, 2015;
Shanee et al., 2015; Aryal et al., 2017). Not all conservation
efforts have had positive effects on local communities, however.
Since 1900, the establishment of protected conservation areas
worldwide has frequently displaced the indigenous peoples
that had been living sustainably on their ancestral lands
(Dowie, 2011). In Madagascar, the enormous investment into
environmental projects by the international donor community
and the expansion of a protected areas network has failed to
reduce deforestation and poverty among the country’s rural poor
(Waeber et al., 2016). Thus, sensitivities to local communities,
their cultures, and their socio-economic issues are essential to
consider at the start of any conservation effort. Overlooking these
critical details can also exacerbate the extinction risk of imperiled
species, as has been the case for the critically endangered vaquita,
Phocoena sinus, of Mexico (Aburto-Oropeza et al., 2017).

Target Data Deficiencies With
Time-Efficient, Supplemental Approaches
Data deficiencies exist for most species, and those that are rare,
in decline, or newly described are especially lacking (Gallagher
et al., 2015; Roberts et al., 2016). Information on population
demography and trends, life history, dispersal, spatial and
genetic structure, and habitat use is essential for proactively
protecting existing populations, setting conservation priorities,
and recovery planning (e.g., Zeigler et al., 2013; Peñaranda and
Simonetti, 2015; Turkalo et al., 2017). Long-term, continuous
monitoring and capture-mark-recapture (CMR) studies are ideal
for collecting such data, but these types of studies require
time—a scarce commodity for declining species. For example,
power analyses suggested that a decade or more may be
required to detect moderate trends in local populations of many
pond-breeding amphibians (Gibbs et al., 1998). For extremely
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long-lived species such as forest elephants (Loxodonta cyclotis),
recent data suggest that status assessments need to be conducted
for 60-year time periods (approximately twice the species’
generation time; Turkalo et al., 2017).

In the absence of long-term data that can guide decision-
making, managers are challenged to determine how to prioritize
limited funding and personnel among management needs
(Salatas et al., 2013). In recent years, new applications of
existing approaches have emerged that enable researchers to
detect subtle effects of environmental stress—presumably a
correlate of population declines—on at-risk species (Table 1).
Assessments of stress hormone levels could help detect early
indications of population decline, thus allowingmanagement and
conservation actions to be taken before the risk of extinction
escalates (Janin et al., 2011). Additionally, other approaches have
emerged that likewise do not rely on long-term population data
to predict extinction risk, metapopulation connectivity, changes
in threats, and demographic or conservation status (Table 1).
My intent is not to encourage researchers to abandon more
direct methods of estimating vital rates, which are critical for
developing population viability models and recovery planning.
Rather, my aim is to illustrate that these various approaches
could be a first approximation to population processes and, thus,
supplement monitoring and CMR studies. These approaches also
can function as conservation tools that may help natural resource
managers and conservation biologists identify at-risk populations
relatively quickly, especially when potential threats are not readily
apparent.

Minimize Future Costly Conservation and
Management by Proactively Keeping
Common Species Common
Conservation efforts typically target rare species that are at
risk of extinction (Lindenmayer et al., 2011; Denoël et al.,
2012). However, Inger et al. (2015) discovered that common
bird species are declining more than rare ones, and recent
evidence demonstrates that the most evolutionarily distinct
species are not necessarily the ones that are declining (Morelli
and Møller, 2018). Thus, changes in the distribution or
abundance of common species can have profound negative
consequences for ecosystem structure, function and services
(Winfree et al., 2015). Moreover, common species, rather than
rare ones, are considered “disproportionately influential in
shaping many macroecological patterns” (Gaston and Fuller,
2007), and common species are the most likely to best adapt
to rapid climate change (Lindenmayer et al., 2011). Because
of their greater numbers, common species comprise the vast
majority of biomass in ecosystems (Lindenmayer et al., 2011;
Denoël et al., 2012). For example, some common amphibians
can reach incredible densities, resulting in extraordinary biomass
that can exceed that of large terrestrial mammals such as
deer (Gibbons et al., 2006; Semlitsch et al., 2014; Milanovich
and Peterman, 2016). Thus, losses of amphibians, even of
common species, can disrupt the transfer of energy and
nutrients between tropic levels and ecosystems, the regulation
of invertebrate prey, and carbon retention in forest ecosystems

(Semlitsch et al., 2014; Milanovich and Peterman, 2016).
The Mexican axolotl (Ambystoma mexicanum) represents a
“conservation paradox”; i.e., its popularity in the pet industry
as well as in the laboratory as a biomedical model makes it
perhaps the most widely distributed amphibian in the world
(Vance, 2017). Yet, this species is almost extinct in its native
habitat (Vance, 2017). Proactively implementing conservation of
common species helps provide ecosystem stability, minimizes
further losses of biodiversity and their scientific contributions
and, thus, reduces their need for costly management and
recovery.

CONCLUSIONS

Existing shortfalls in conservation resources have led to
widespread consideration of the controversial tactic of
conservation triage, regarded as an extreme practice by some
researchers. The need for prioritization signals an alarm that
conservation generally is not being implemented soon enough
to stem population declines, thus requiring recovery efforts
that further deplete limited resources. Although implementing
conservation is costly, delayed action costs even more. In an
era of budgetary shortfalls, there are several activities that
can help conservation practitioners and managers cope with
the constraints that resource limitation imposes. Stakeholder
involvement can potentially ameliorate the impacts of resource
limitations through cost sharing and providing access to
other assets, although empirical evidence of its effectiveness
is either sparse or uncertain (Beever et al., 2014; Baylis et al.,
2016; Pattberg and Widerberg, 2016). Other cost-effective
measures, albeit controversial, involve use of volunteer citizen
scientists, where feasible, and local-scale conservation initiatives,
in which local communities implement conservation efforts
themselves or in collaboration with local authorities. Alternative
approaches exist that can provide an estimate of extinction
risk in natural populations, helping natural resource managers
and conservation biologists prioritize competing conservation
demands when empirical demographic data are unavailable to
guide decision-making. Last, addressing population declines
while species are still common can result in a long-term cost
savings. Although these approaches may not constitute a cure-all
for every conservation crisis, overall, proactive conservation is
more cost-effective than delayed conservation actions, protecting
species sooner and lowering their risk of extinction.

Despite the potential for these activities to ameliorate the
severity of resource limitation impacts on conservation, the
availability of conservation resources may still be insufficient to
distribute across species. Where possible, one potential option
is to pursue a “triage of means” conservation strategy (Mondal
et al., 2016). For example, in India, resources (funding) for
conservation are diversified among several different government
sectors that support activities that benefit biodiversity but for
which conservation is not the principal objective. Mondal
et al. (2016) advocate that such resources (“means to achieve
conservation”) could be leveraged to accomplish desired
conservation objectives. In these authors’ view, by prioritizing
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TABLE 1 | Applications of various approaches as conservation tools to help natural resource managers and conservation biologists identify at-risk populations in a

time-efficient fashion.

Approach Description/Example application Author(s)

Physiological assays and endocrine panels Evaluate overall health and physiological status by conducting

assays for stress hormones (glucocorticoids) in at-risk species to

assess potential risk of population declines

Janin et al., 2011, 2012; Ellis et al.,

2012; Gabor et al., 2013, 2016;

Jeffrey et al., 2015; Madliger et al.,

2016; Strong et al., 2017

Environmental DNA (eDNA) Monitor species’ distribution to understand the temporal and

spatial dynamics of populations in protected areas

Bohmann et al., 2014; McKee et al.,

2015; Stewart et al., 2017

Behavioral studies Predict dispersal and metapopulation connectivity from movement

behavior and habitat preferences; capitalize on male calling

behavior in an invasive toad to attract, capture, and remove

conspecifics

Brown et al., 2017; Muller and

Schwarzkopf, 2017

Remote sensing and habitat connectivity

models

Determine value of habitat fragments and extent of threats from

future land use change; prioritize remaining suitable habitat

patches using species’ distribution models, connectivity models,

and land cover maps

Schaffer-Smith et al., 2016

GIS, global models of human impacts, species’

distributions and geographical/geophysical

attributes

Identify geographic areas vulnerable to loss of endemic species Peters et al., 2015

Evolutionary models Integrate evolutionary principles of specialization in a conceptual

framework to predict extinction risk

Gallagher et al., 2015

Statistical models Predict extinction risk for unclassified species that share

characteristics with threatened species

Taft et al., 2013

Eco-physiological models Derive global extinction projections due to climate change Sinervo et al., 2010

Development of a quantitative scoring system

to evaluate threats and demography

Develop key for scoring changes in threats and demographic

status of imperiled species

Malcom et al., 2016

Development of a data based conservation

status category and an age- and

spatially-explicit distribution of threats to

prioritize conservation actions

Estimate population size and seasonal and spatial species

distribution patterns from short-term surveys; fill gaps in IUCN Red

List and SAFE (“species’ ability to forestall extinction”) index

criteria for categorizing conservation status

Tella et al., 2013

Synthesis of interdisciplinary data to inform

imperiled species assessments when

contemporary population data are lacking

Calculate a percentage of long-term decline in habitat quality from

archeological and botanical data

Costion et al. (2012)

Genomic assessments Provide quick baseline data for managers to shape program

objectives and assess program success

Dresser et al., 2017

These approaches do not rely on contemporary, long-term population studies and can have implications for extinction risk, metapopulation connectivity, changes in threats, and

demographic or conservation status.

various means of accomplishing conservation, one avoids
selectively assisting some species, populations, or localities at
the expense of others (Mondal et al., 2016). In extreme cases,
however, it may be inevitable that conservation prioritization,
perhaps based on some quantification of a species’ threat
status (e.g., the Evolutionarily Distinct and Globally Endangered
[EDGE] index: Washington et al., 2015), is the most viable
option.

Globally, progess has been made toward meeting some
of the conservation goals to which world leaders committed
at the 2002 Convention on Biological Diversity (Butchart
et al., 2010). Advancements in conservation biology are being
overshadowed, however, by escalating rates of population
declines, species’ extinctions, and losses of ecological interactions
and ecosystem services (Wake and Vredenburg, 2008;
Butchart et al., 2010; Barnosky et al., 2011; De Vos et al.,
2014; Ceballos et al., 2015, 2017; Valiente-Banuet et al.,
2015). The impacts of these losses are further exacerbated
by fiscal austerity and shortfalls in conservation funding

(McCarthy et al., 2012), along with political polarity and
uncertainty in many parts of the world (Allred et al., 2014).
Globally, the effectiveness of conservation laws, policies,
and programs are being altered (Chapron et al., 2017). In
the United States, the Endangered Species Act of 1973—
unequivocally one of the most powerful environmental laws
in existence—continues to draw criticism, close scrutiny, and
calls for reform (Schadegg, 2017). In this era of uncertainty
and propensity for a “doom and gloom” outlook among
many conservation scientists (Knowlton, 2017), bolstering
conservation programs with cost-saving and time-efficient
approaches could help stem many population declines, thus
averting conservation crises and diminished protection for
imperiled species.
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