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Abstract 

Anthropogenic pressures are causing the widespread loss of wildlife species and populations, with adverse consequences for ecosystem 

functioning. This phenomenon has been widely but inconsistently referred to as defaunation . A cohesive, quantitative framework for 
defining and evaluating defaunation is necessary for advancing biodiversity conservation. Likening defaunation to deforestation, we 
propose an operational framework for defaunation that defines it and related terms, situates defaunation relative to intact communities 
and faunal degradation, and encourages quantitative, ecologically reasonable, and equitable measurements. We distinguish between 
defaunation , the conversion of an ecosystem from having wild animals to not having wild animals, and faunal degradation , the process 
of losing animals or species from an animal community. The quantification of context-relevant defaunation boundaries or baselines is 
necessary to compare faunal communities over space and time. Situating a faunal community on the degradation curve can promote 
Global Biodiversity Framework targets, advancing the 2050 Vision for Biodiversity. 
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pathogens, human–wildlife conflict, roadkill, mesopredator re- 
lease and proliferation of invasive species (Dirzo et al. 2014 , Young 
et al. 2016 ). Fourth, defaunation is intended to be analogous to de- 
forestation ; not only are the terms parallel in structure, with the 
same prefix ( de- , meaning the “opposite of” or “removing some- 
thing”), but in their seminal review, Dirzo and colleagues ( 2014 ) 
wrote that defaunation “needs to be considered in the same sense 
as deforestation .”

Defaunation has triggered an active and rich field of research, 
with a 90% increase in publications since the empty forest syn- 
drome was first proposed in 1992. All indications are that this 
phenomenon and line of research will accelerate as declines in 
species, populations, and abundances of animals are expected 
to increase with human-caused climate change and land-use 
change (Pereira et al. 2010 ). The problem is that defaunation is 
often used simply to describe declines in animals, particularly 
mammals (but see Hallmann et al. 2017 , Fuzessy et al. 2021 , 
Pacoureau et al. 2021 ), without specification of the degree of an- 
imal depletion in numbers or species required for defaunation 
(e.g., Benítez-López et al. 2017 ). As an illustration, a Scopus search 
of the word defaunation for the year 2021 retrieved 59 articles in 
English ( supplemental table S1 ) of which 9 papers were either on 
an unrelated topic or only anecdotally used the term. Of the 50 
remaining papers, 24% used the term ambiguously or indetermi- 
nately referred to both declines in animal abundance and species 
extinction. Forty-four percent used the term to refer to local or re- 
gional extirpation of selected groups of organisms, whereas 32% 

referred to declines in local or regional assemblages ( table S1 ). 
Most of these studies were focused on terrestrial vertebrates 
(88%) and, among them, on primary consumers (44%). As such, 
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Since the expansion of humans out of Africa, anthropogenic ac-
tivities have provoked unprecedented rates of animal extinctions
and population declines globally (Cowie et al. 2022 ). At 100 to 1000
times greater than background rates (Pimm et al. 2014 , Ceballos
et al. 2015 ), modern extinction rates greatly surpass those of the
past and are accumulating as the sixth mass extinction event
(Barnosky et al. 2011 , Ceballos et al. 2020 ). Wild animal popula-
tions are declining on land and in the sea (WWF 2020 ), suggest-
ing additional extinctions are on the horizon. With only 3% of the
Earth’s land surface considered faunally intact (Plumptre et al.
2021 ), the global biomass of wild animals is now less than 25% of
that before the Pleistocene megafaunal extinction (Bar-On et al.
2018 ). 

The loss of species and populations of wildlife, as well as local
declines in the abundance of individuals, is widely known as defau-
nation (for definitions of key terms, see box 1 ; Dirzo et al. 2014 ). The
concept, first articulated by Dirzo and Miranda in 1991 (Dirzo and
Miranda 1991 ), shares similarities with the empty forest syndrome
proposed by Redford ( 1992 ) but is more expansive in scope. Defau-
nation includes four components. First, wildlife refers to all living
animals that are not humans or domesticated. Therefore, in con-
trast to American vernacular in which wildlife often denotes ver-
tebrates, defaunation should ideally include other animals, such
as arthropods (Dirzo et al. 2014 ). Second, defaunation incorporates
the loss of populations and declines in abundance, which means
that extinction and extirpation may be invoked but not neces-
sarily in all circumstances. Third, defaunation can be driven by
multiple causes. Whereas the empty forest syndrome stems
from overhunting, defaunation recognizes additional drivers such
as habitat loss and degradation, wildfire, wildlife parasites or
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Box 1. Glossary.

Biotic homogenization is increased similarity in the composition of species among ecological communities, also referred to as reduced 
β diversity. 
Body size downgrading is the loss of large-body animals from ecosystems resulting in smaller average body size. 
Conservation translocation is the intentional movement of animals to restore populations. 
Defaunation , defined by Dirzo and colleagues ( 2014 ), is the loss of species and populations of animals, as well as local declines in 
abundance of individuals. 
Defaunation , defined in the present article, is the conversion of an ecosystem from having wild animals to not having wild animals. 
Deforestation is the conversion of forested land to nonforested land. 
Ecological erosion is the incremental deterioration or alteration of ecological processes. 
Empty forest refers to an ecosystem that is void of large mammals, in which the forest has not been degraded but large mammals 
are absent as a result of hunting. 
Extinction is the global loss of a species. 
Extirpation is the local or regional elimination of a species. 
Faunal conversion is a change in the composition of a faunal community in which extirpated species are replaced by other species. 
Faunal degradation is the process of losing animals or species from an animal community. 
Forest degradation is a process of change within the forest that negatively affects the structure or function of the forest stand or site. 
In the climate change literature, it is defined as the loss of carbon from forests that remain forests (UNFCCC). 
Trophic downgrading is the loss of upper trophic position consumers from a community. 
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efaunation lacks a universally understood meaning that renders
t difficult to compare across space or time. 
We contend that the concept of defaunation would be strength-

ned and made unambiguous if it were used consonantly with
eforestation, which it currently is not. We propose a new, quan-
itative framework for evaluating defaunation that draws on
ature-based climate change policy and that aligns with the
unming–Montreal Global Biodiversity Framework (GBF), agreed 
t the 15th meeting of the Conference of Parties to the UN Conven-
ion on Biological Diversity. In our framework, defaunation, like
eforestation, is binary, with accepted reference and endpoints.
aunal degradation , similar to forest degradation , is the process of los-
ng animals or species from a community. The goal of this frame-
ork is to clarify the defaunation concept and associated terms
o they are universally and consistently understood, to situate de-
aunation relative to less severe species and animal losses and al-
ernative endpoints, and to encourage quantitative measures of
efaunation that are ecologically reasonable, equitable, and po-
itically expedient, so they can advance biodiversity conservation
o meet the 2050 Vision for Biodiversity. 

efaunation as an analogue 

o deforestation 

iodiversity loss and climate change are arguably the two great-
st environmental threats of this century. Over the past decade,
he development of nature-based climate solutions, such as the
educing Deforestation and Forest Degradation (REDD + ) policy
ramework, to increase carbon storage or avoid greenhouse gas
missions has spurred advances in forest monitoring. In order
o finance nations or projects for reducing emissions, concepts
uch as deforestation and forest degradation needed to be univer-
ally understood so that changes in forest carbon could be mea-
ured, monitored, and verified (MRV; Putz and Redford 2010 ). This
ecessarily led to the development of reference emission levels
REL)—benchmarks of the amount of emissions for a reference
eriod against which future emissions and removals can be com-
ared. Because REDD + payments are performance based, emis-
ion reductions, RELs, and MRV form the backbone of the frame-
ork. Emission reductions are measured as verified emissions
ubtracted from the baseline rate of emissions. There is still not
ull scientific consensus on global carbon accounting (i.e., Tropek
t al. 2014 ), but enormous progress has been made (Goetz et al.
015 ). REDD + has advanced MRV but has also been strongly crit-
cized for failing to protect rights of local communities and for
aying the world’s poorer countries to absorb pollution from the
orld’s richest countries (Bayrak and Marafa 2016 ). 
In the present article, we borrow from nature-based climate so-

utions to propose an operational framework of defaunation that
s analogous to deforestation ( sensu Dirzo et al. 2014 ). Deforesta-
ion is defined by the Merriam-Webster dictionary as “the action or
rocess of clearing of forests; also, the state of having been cleared
f forests” (Merriam-Webster 2023 ). In the Marrakesh Accords, de-
orestation is defined as “the direct human induced conversion of
orested land to nonforested land” (UNFCCC 2001 ). The Food and
griculture Organization of the United Nations (FAO) defines de-
orestation as “the conversion of forest to another land use or the
ong-term reduction of tree canopy cover below the 10% thresh-
ld” (FAO 2000 ). Although organizations define the term slightly
ifferently, at its core, deforestation refers to the conversion of
orested land to nonforested land. It is a state transition that can
e portrayed as a binary variable (forest, nonforest). This process
requently occurs rapidly through swidden agriculture, clearcut
ogging, clearing for ranching, and wildfire (figure 1 a). Moreover,
he intent of these activities is often but not always conversion
rom forest to nonforest. 
Therefore, to be analogous to deforestation , the simplest def-

nition of defaunation would be the transition of an ecosystem
rom having wild animals to not having wild animals. As such,
n ecosystem without wild animals would be defaunated , just as a
nce forested area without trees is deforested . And like deforesta-
ion , defaunation would be recognized as a state transition with
n analogous end point. Note, however, that just as deforestation
oes not mean all trees are absent, defaunation can occur with-
ut the total absence of animals (see the boundaries below). This
hift from faunated to defaunated does occur. Whereas extinc-
ion often proceeds slowly (Brook et al. 2008 ), abundance declines
an occur rapidly via habitat modification, deforestation, wildfire,
nd as a result of losing a first species that triggers an extinction
ascade (Borrvall et al. 2000 ). 
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Figure 1. Defaunation conceptual framework. (a) Defaunation is the state where the animal community no longer functionally exists. There are an 
infinite number of paths an intact community can take toward defaunation. The lines represent different scenarios of faunal degradation. The dashed 
line depicts a community that is rapidly converted to defaunation, perhaps by habitat conversion. The black line depicts a community that is slowly 
degraded over time, perhaps by hunting. The dotted line depicts either faunal conversion, where species from the original community are replaced by 
invasives or species with expanded ranges or successful conservation in which the original community rebounds. (b) The level of faunal degradation 
can be quantified as multiple attributes of species (dissimilarity, biomass, abundance, density, occurrence, occupancy, functional distinctness). In the 
present figure, we represent it simply as the difference in proportion of species. Such defaunation indices could be compared across space and time. In 
this example, the degradation index has decreased by roughly 45% from x to y and now lies close to the defaunation boundary. (c) Defaunation and 
faunal degradation affect ecological processes such as seed predation, herbivory, and seed dispersal. The magnitude or strength of these processes 
changes with different levels of animal depletion. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

D
ow

nloaded from
 https://academ

ic.oup.com
/bioscience/article/73/10/721/7277038 by R

ice U
niversity user on 06 April 2026
In contrast to deforestation , forest degradation describes the in-
cremental simplifying of forest structure. It stems from selective
logging, harvesting for firewood and charcoal, overgrazing, and
many other anthropogenic activities (Hosonuma et al. 2012 ). For-
est degradation does not follow a single path; it occurs on con-
tinua and follows trajectories affected by thresholds and other
nonlinearities (Putz and Redford 2010 ). But forest degradation
consistently negatively affects the structure or function of the for-
est stand or site, lowering its capacity to supply products and ser-
vices (Vasquez-Grandon et al. 2018 ). 

Faunal degradation , akin to forest degradation , is the process
by which most ecosystems lose their animals. Typically, animal
depletion is a slow and unintended process; animal species and
populations are not all lost at once, and several drivers may
act synergistically. At local scales, faunal degradation often does
not decrease species richness (Finderup Nielsen et al. 2019 ),
whereas at regional scales, biotic homogenization reduces beta
and gamma diversity of animals in terrestrial and aquatic set-
tings (Fraser et al. 2022 ). Faunal degradation can also take mul-
tiple, nonlinear pathways. As such, degraded faunal communities
lie along a continuum of ecological impoverishment (figure 1 a).
For example, road construction and habitat fragmentation can 
degrade the faunal community over time by opening accessibil- 
ity to humans, exacerbating hunting, exploitation, and habitat de- 
struction. Faunal degradation has been described as a three-phase 
process proceeding from harvest for direct consumption to com- 
mercial exploitation to use of an animal communities’ ecological 
space (McCauley et al. 2015 ). This process is often characterized 
by body size (Smith et al. 2018 ) or trophic downgrading (Estes et al.
2011 ) by which larger-body animals, particularly apex predators,
are the first to be extirpated followed by smaller animals or those
lower on the food chain. 

As animal species are lost or reduced in abundance, the pro- 
cesses to which they contribute, such as predation, seed disper- 
sal, herbivory, pollination, decomposition, and nutrient cycling,
are weakened and eroded; this is ecological erosion ( sensu Poulsen 
et al. 2013 ). At the community level, however, the strength of dif-
ferent processes can change nonlinearly as the faunal community 
composition changes (figure 1 c). In tropical forest systems, the 
removal of predators, for example, can release consumers from 

top-down regulation, increasing the populations of herbivores 
and rodents and intensifying herbivory and seed predation 
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Figure 2. Schematic diagram of intact, degraded, and defaunated communities from Afrotropical rainforest, marine pelagic, and African savanna 
ecosystems along a defaunation gradient. These are example communities that represent the defaunation process. Faunal degradation and 
defaunation occur in communities worldwide, with heterogenous paths and consequences for ecosystem function and structure. In most scenarios, 
this process disproportionately targets large-body animals and results in an increase in abundance of small-body animals released from resource 
competition and predation. Some large-body species can persist in human-modified landscapes because of their large home range (Poulsen et al. 
2011 ); therefore, it is possible for a community to be defaunated despite the occurrence of large-body species. In addition to the loss of species 
biodiversity and changes in vegetation biomass, as can be seen above, defaunation can also lead to more nuanced environmental changes such as 
decreases in nutrient translocation and ecosystem productivity. As was described in the text, defaunation is not necessarily the complete absence of 
animals. Crossing boundaries between intact communities, faunal degradation, and defaunation is possible and bidirectional. Source: Figure created 
in BioRender with additional clipart from pinclipart.com, imgbin.com, clipartmax.com, dimensions.com, creazilla.com. 
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Terborgh et al. 2001 , Williams et al. 2021 ). In benthic systems,
redator removal can increase mesopredator populations’ in-
ensifying pressure on lower trophic levels and exacerbating
cosystem degradation (Myers et al. 2007 ). As a result of faunal
egradation, ecosystem functions and services can directly be
ffected through species extirpation or indirectly through cascad-
ng effects (Bogoni et al. 2020 ). 
The distinction between defaunation and faunal degradation

s important, because it reveals information about the status of
he faunal community, the process of animal depletion, and the
trength of ecological processes that maintain ecosystem func-
ions and services (figure 2 ). Just as a degraded forest could re-
enerate, human-induced faunal degradation does not always re-
ult in defaunation, with ecosystems becoming less diverse and
ildlife less abundant (Young et al. 2016 ). Two alternatives exist.
irst, reduction of human pressures, such as hunting and resource
xtraction, could allow the community to return to its original
tate—the goal of many conservation efforts. Second, human ac-
ivities could permanently change the community composition—
aunal conversion—by facilitating species invasion, promoting 
pecies naturalization, and altering species ranges. Therefore, fau-
al degradation might lead to novel ecosystems that are ecolog-
cally stable and that provide ecosystem services of their own
Morse et al. 2014 ). 

easurement, boundaries, and baselines 

he magnitude of defaunation and faunal degradation can be
uantified using multiple measures. Giacomini and Galetti ( 2013 )
roposed the Bray–Curtis index to measure defaunation by quan-
ifying dissimilarity between a focal and a reference assemblage.
his index can be used with abundance and density data, oc-
urrence data, and occupancy probabilities that account for im-
erfect detection of animals (Giacomini and Galetti 2013 ). It can
lso be applied to both species and functional groups of animals
Bogoni et al. 2018 ). Other studies have compared abundance
stimates in hunted areas with those in nonhunted areas and
hose in disturbed with those in undisturbed areas (Poulsen
t al. 2011 , Benítez-López et al. 2019 ). Population viability analysis
Chaudhary and Oli 2020 ) and early warning signals (Cerini et al.
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2023 ) have also been used to understand extinction risk and to
forecast future scenarios of population growth and decline. 

To clearly distinguish defaunation from faunal degradation, we
must define boundaries. A boundary is the magnitude of animal
depletion at which an area is considered defaunated. We refer to
this as a boundary , rather than an endpoint , because boundaries are
crossable: A faunal community can both be depleted and rejuve-
nated. Defaunation, as we described above, is the point at which
animals are absent. But totally defaunated systems are unlikely
to exist, because even the most degraded pine monoculture in-
cludes hundreds of insect species. At the other extreme, in many
places, insects are in a state of catastrophic population collapse
(Goulson 2019 ) but are rarely taken into consideration in the de-
faunation literature. The forestry field deals with similar conun-
drums. For example, the FAO defines forest as an area having at
least 10% forest cover, suggesting that an area is deforested when
it has less than 10% forest cover (FAO 2000 ). This recognizes that
the properties of a forest are lost well before every tree is removed
and allows deforestation to be easily classified by measuring for-
est cover. To complement deforestation, the boundary at which a
faunal community is deemed defaunated needs not be the com-
plete absence of all animals. This would also facilitate the prac-
tical identification of defaunated ecosystems through emerging
technologies (Pimm et al. 2015 ). 

Defining the defaunation boundary is where we need to deviate
from the deforestation concept. After all, deforestation only applies
to forested ecosystems and is based on an observable and mea-
surable physical change in them. By contrast, defaunation refers to
all animal systems—terrestrial, aquatic, and marine. In addition,
animals move, are arguably more difficult to monitor, and are not
(usually) habitat, although they affect habitat. The defaunation
boundary is therefore context specific and depends on conserva-
tion goals. For example, the management goals of an area might
be to preserve biodiversity or to preserve functional groups that
maintain ecosystem functioning. Even so, like the 90% threshold
for deforestation, the defaunation boundary should be extreme—
losing a high percentage of species or functional groups—to
differentiate it from faunal degradation. 

Because both faunal degradation and defaunation are context
specific, they must be measured against a baseline, and the natu-
ral variation of that baseline must be understood (Thompson et al.
2013 ). A baseline is similar to a reference level in forest policy; it is
the measure of animals in an area for a reference period, regard-
less of the index used. Once a baseline is defined, the degree of
animal depletion can be measured (figure 1 b). Moreover, it is also
possible to quantify how close a system is to being defaunated.
This raises the question of how baselines should be defined. Is
the reference point the community composition before the Pleis-
tocene mass extinctions, before people shaped terrestrial nature
(Ellis et al. 2021 ), before the Industrial Revolution, or some de-
sired reference (e.g., community composition before a specific hu-
man impact or date)? Recent studies have compared undisturbed
(nonhunted) communities with disturbed (hunted) communities
(Benítez-López et al. 2019 ), but this may not be appropriate in all
situations. The baseline will depend on the management goal and
will be context dependent, just as countries and projects set their
reference levels for greenhouse gas emissions. 

Applying the framework 

The initial step in applying this biodiversity framework to an area
is to define the baseline on the basis of the management goal.
The baseline for an area managed for species diversity might be
determined by historical records and the earliest available sur- 
vey data, whereas the baseline for maintaining ecosystem pro- 
visions, such as wild seafood, might be set to a relatively recent
time before mechanized or commercial fishing. In any case, the 
baseline should be transparently determined and underpinned 
by ecology, not politics, such as establishing a baseline after an 
area has been defaunated for the purpose of avoiding investing 
resources in management. The definition of the baseline deter- 
mines what needs to be monitored to quantify the magnitude of 
faunal degradation. Although the broadest definition of wildlife 
includes arthropods, it may not be feasible or necessary to moni- 
tor them. The final step is to delineate the boundary for defauna-
tion where the loss of animals would provoke a state transition.
In some ecosystems, the boundary might be high (e.g., 90% loss 
of animals), whereas in others, it might be lower, as the loss of
keystone species induces a tropic cascade. 

Our operational framework is well aligned with the goals and 
targets of the GBF. Its application can help guide conservation ef- 
fort and policy as well as improve communication in science and 
to the lay public. 

First, knowledge of whether a faunal community is defau- 
nated, degraded, or converted can steer conservation planning,
including deciding on priority locations and types of management 
intervention. GBF target 3 calls for the conservation and manage- 
ment of at least 30% of terrestrial, inland water, coastal, and ma-
rine areas by 2030. Making decisions around where to conserve 
requires information on the status of the animal community in 
an area. Expending effort and resources to conserve faunally de- 
graded and converted novel ecosystems is likely to be more cost 
effective than investing in restoring defaunated ecosystems, al- 
though very little is known about the ability of different conser- 
vation interventions to deliver benefits at a given cost (Pienkowski 
et al. 2021 ). Similarly, whether an area is faunally degraded or de- 
faunated will influence conservation interventions. Where all or 
most faunal species still exist (low faunal degradation), even at di-
minished abundances, passive measures—including the creation 
and management of protected areas, increasing connectivity be- 
tween wildlife populations, and reduction of hunting—could re- 
plenish animal abundances. In defaunated or heavily degraded 
systems, active forms of species management might be required.
These could include conservation translocation, including mea- 
sures such as population restoration, reintroduction, assisted col- 
onization, and ecological replacement (Seddon et al. 2014 ). 

Second, quantifying the degree of faunal degradation can de- 
termine where on the faunal degradation curve a community or 
site lies (figure 1 b). In the present article, we present a simple con-
ceptual model based on species richness to measure degradation.
Much more complex, rich statistics could be developed that in- 
corporate animal abundances and species diversity, particularly 
as technologies for measuring animal abundances improve. As 
above, the degree of degradation might be factored into decisions 
regarding the prioritization of conservation sites or intervention 
types. 

Forest initiatives developed through REDD + often aspire to pro- 
tect biodiversity as a cobenefit of protecting forests to reduce car- 
bon emissions. Standard animal monitoring programs have even 
been proposed for REDD + (Harrison et al. 2012 ). Measures of de-
faunation could be integrated into a policy framework whereby 
nations or projects are paid for reducing defaunation and fau- 
nal degradation. However, defaunation policy frameworks must 
avoid REDD + pitfalls, such as failing to adequately recognize the 
rights of local and Indigenous peoples to natural resources. Many 
people, from Indigenous hunters (Nasi et al. 2011 ) to fisherman
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Schindler et al. 2010 , Halpern et al. 2012 ) depend on wildlife for
heir livelihoods. The GBF seems to recognize the conflict between
trict protection and livelihood needs, simultaneously calling for
 halt to the human-induced extinction of known endangered
pecies (goal A) and the sustainable use of biodiversity for the
enefit of present and future generations (goal B). Defaunation
olicies must be equitable and must contribute to both human
ivelihoods and ecosystem integrity. 
Finally, loose or inaccurate use of language by scientists can

ave unintended consequences. Because of the use of terms
uch as local extinction rather than extirpation , extinction is no
onger perceived as permanent in the eyes of the public (Smith-
atten et al. 2015 ). Likewise, defining defaunation as the loss of
ildlife species or populations or declines in animals portrays
 lack of exactness and definitude. It may not convey the sense
f urgency necessary to garner support for conservation ac-
ion in areas of most need. The loss or depletion of inconspic-
ous species while other charismatic species persist, for exam-
le, might seem academic or trivial to the public (although see
ourchamp et al. 2018 , suggesting that people are largely igno-
ant of the plight of charismatic species because of their profu-
ion in our culture). Scientific warnings about a faunal commu-
ity that later rebounds may further sentiment of scientists as
larmists. Indeed, the GBF calls for ensuring that biodiversity data
re accessible to promote public education and informed gover-
ance and to strengthen communication and awareness raising
target 21). 
There is potential for misuse of this framework that we need

o warn against. Political leaders and decision-makers could
isinterpret faunal degradation of 70%, for instance, as a non-
essimistic scenario that does not require management. Or they
ould cynically decide that any species loss short of defaunation
oes not merit investment. This would be a perversion of the
ramework that, quite to the contrary, is intended to alert scien-
ists and policymakers of an impending problem before it is too
ate. 
Defaunation and faunal degradation are topics of global con-

ern because our society and economy are embedded in a nat-
ral system that is maintained by the activities of animals. We
epend on wildlife for goods, such as food, medicine, and ge-
etic resources, and services, including pollination, pest control,
nd water purification. This defaunation framework, aligned with
he GBF, will advance the 2050 Vision for Biodiversity. Situating
efaunation in an operational framework provides a standard
eans by which to conceptualize and quantify wildlife depletion.
his enables the comparison of the state of faunal communities
cross sites. Most importantly, it also potentially provides a struc-
ure for finding solutions to mitigate or reverse the loss of wild
nimals. 
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