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ABSTRACT

Ranger patrols are a cornerstone of wildlife protection efforts around the world and occur across all ecological gover-
nance systems. Evidence that patrols reduce threats to wildlife and enable their recovery has not been systematically
examined previously. Without evidence of patrol effectiveness in varying contexts, protected area managers risk wasting
limited conservation resources and lack information required to improve the effectiveness of patrols. We conducted a
meta-analysis evaluating the effectiveness of terrestrial patrols for conserving African, Asian, and Latin American wildlife
directly threatened by exploitation. After filtering 57 studies, we calculated effect sizes from each of the remaining 15 stud-
ies that included a comparator and measurement of wildlife abundance and calculated standardised mean difference
and% change in wildlife species abundance. Results suggest tentative support that areas implementing patrols (alongside
other interventions) were associated with higher wildlife abundance levels compared to time periods or locations without
patrols. We were unable to confirm causality between patrols and changes in wildlife population abundance because
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studies were inadequately designed to evaluate and report on effectiveness. Studies commonly lacked a comparator or
counterfactual event, temporal or spatial replication, and consistent and/or long-term monitoring of population abun-
dance, and had study designs that confounded conservation actions. Further, of the 15 included studies linking wildlife
abundance to patrol efforts, five also reported a reduction in a poaching threat, but only three of these used a comparator
in the threat reduction evaluation. Without monitoring threat trends alongside wildlife abundance, it is difficult to be
confident that patrols resulted in increases in wildlife abundance. To help evaluate patrol interventions (i.e. not only
whether they work but where and under what conditions they work), we identify opportunities to improve future patrol
effectiveness research and provide recommendations on how to improve the evidence base.

Key words: community-based conservation, impact evaluation, law enforcement, poaching, threatened species, wildlife
crime.
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I. INTRODUCTION

Human activities are driving a biodiversity and climate cri-
sis, with Earth’s life support systems significantly weakened
(Richardson et al., 2023). Vertebrates globally, especially
the largest ones, are particularly vulnerable to anthropo-
genic threats and are experiencing extremely high rates of
population decline (Ripple et al., 2019; Ceballos,

Ehrlich & Raven, 2020). A major driver of decline for many
species is overharvesting for human use (Hoffmann
et al., 2010; IPBES, 2019). For instance, over 300 species
of mammals are threatened with extinction due to unsus-
tainable bushmeat hunting (Ripple et al., 2016). Causes of
overharvesting of wildlife also includes unsustainable, and
often illegal, trade for traditional medicine, processed body
parts, and the pet industry (Ripple et al., 2019). Although
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there are complex socioeconomic reasons for overharvest-
ing, which ultimately must be addressed holistically
(Brashares et al., 2004; Browne et al., 2021; Ingram et al.,
2025), protected and conserved areas have often provided
safeguards against population decline for some species by
providing habitat and protection from poaching and distur-
bance (Hilborn et al., 2006; Andam et al., 2008; Pacifici,
Marco & Watson, 2020).

Many species at high risk of extinction are currently reliant
on direct protection. Rangers, whether appointed by govern-
ments or part of local or regional communities, are often the
only protectors of vast, remote, and rugged terrain
(e.g. Ramos et al., 2021). According to the International
Ranger Federation (2021, p. 6): ‘Rangers play a critical role
in conservation; they are responsible for safeguarding nature,
and cultural and historical heritage, and protecting the rights
and well-being of present and future generations. As repre-
sentatives of their authority, organisation or community, they
work, often for extended periods, in protected and conserved
areas and wider land- and seascapes, whether state, regional,
communal, indigenous, or private, in line with legal and insti-
tutional frameworks’.

Patrolling has been a widely used means of protecting a
defined area for centuries and remains a core plank of protec-
tion work conducted by various enforcement and monitoring
organisations and agencies (Vail, 2010). While the nature
of the work often remains arduous and risky (Ramos
et al., 2021), it has become significantly more professional
over time and officers conducting patrols perform a wide
range of tasks (Singh et al., 2020). Aside from mobile patrols,
teams may also conduct ‘static’ patrols, where they spend
considerable time in one location, varying from a police offi-
cer standing in a crime hotspot temporarily during peak
hours (e.g. Gibson, Slothower & Sherman, 2017) to a more
established staffed guard post or checkpoint, for example at
certain roads or at the entrance to a facility (Henson,
Malpas & D’Udine, 2016). Patrolling can serve different pur-
poses, while most aim to create a deterrent effect, the activities
conducted by patrollers also include data collection, snare
sweeping, and border monitoring, which contribute to harm
reduction and a better understanding of the landscape. These
are not mutually exclusive, and a patrol team may shift its
mandate at any time during an operation; for instance, a wild-
life monitoring patrol may switch into a law enforcement
patrol on detecting signs of illegal or harmful activities.

Despite the widespread reliance on ranger patrols to pro-
tect wildlife (Plumptre, 2019), whether and how patrols
achieve their goals is poorly understood, and the evidence
that patrols reduce threats (e.g. Moore et al., 2018) and
enable wildlife recovery has not been comprehensively
synthesised. Understanding patrol effectiveness is important
for at least three reasons. First, patrols are resource intensive
because the approach requires hiring, training, equipping,
and supporting people working in logistically challenging
landscapes (e.g. Hilborn et al., 2006; Lindsey et al., 2018). It
is estimated that expanding the global protected area net-
work coverage to 30% by 2030 in line with the Convention

on Biological Diversity targets will require at least 1.5 million
new rangers to be recruited and trained above the estimated
286,000 currently serving, involving at least $67.6 billion per
year to manage the existing global protected area system ade-
quately (Appleton et al., 2022). However, as noted by Apple-
ton et al. (2022), increasing the number of rangers alone is
likely insufficient to achieve the ‘30-by-30’ target. Indeed,
research on the economic side of law enforcement conserva-
tion by rangers in Asia shows that rangers are often inade-
quately paid (Farhadinia et al., 2023). Therefore, in
addition to increasing ranger numbers, larger investments
to provide rangers with adequate pay, equipment, and pro-
motional opportunities would likely improve their morale
and motivation, and ultimately their effectiveness (Moreto
et al., 2019). Given the large investments required for protect-
ing wild spaces with ranger teams, knowing under which con-
ditions patrols work best is essential for donors and managers
to receive a significant return on investment.

Second, ranger welfare is a critical consideration
(Dressler, 2021; International Ranger Federation, 2024).
Patrolling can be dangerous work due to the terrain, risks
posed by humans involved in illegal activities, and encounters
with potentially dangerous wildlife (Moreto, Brunson &
Braga, 2017; Ramos et al., 2021). Tragically, more than
1,100 rangers lost their lives between 2006 and 2021 due to
homicide, animal encounters, drowning, or other on-duty
causes (Galliers et al., 2022). If rangers are to be asked to
put themselves in danger to protect nature, it is important
to know if this risk is resulting in positive conservation
outcomes.

Finally, patrols can impact communities in positive and
negative ways (e.g. Massé, 2019; Anagnostou et al., 2020;
Rizzolo et al., 2021; Seager, Bowser & Dutta, 2021). Ranger
patrols can provide employment opportunities, help protect
communities and their property from wildlife damage and
danger from outside poachers, and can improve conserva-
tion attitudes due to increased benefits and awareness
(Allendorf, 2020). However, enforcement patrols can also
put rangers and communities in conflict, leading to mistrust,
and negative attitudes towards conservation (Lombard,
2016; Moreto et al., 2017; Duffy et al., 2019). These are
important considerations for effectiveness studies. Detect-
ing and responding to threats may be the primary objective
of patrols, but they must be executed ethically and with ben-
efit to communities (Ramos et al., 2021) to avoid focusing on
the ends over the means. Effectiveness studies can help
determine if, and under what circumstances, patrols are
beneficial to both ecosystems and communities
(e.g. Leader-Williams, Albon & Berry, 1990; Gholami
et al., 2018).

Studies in other law enforcement professions have sug-
gested that research is necessary to test conventional assump-
tions about the effectiveness of patrols. For example, policing
studies have not found a clear link between raw police officer
numbers and crime reduction (Bradford, 2011), while some
studies have shown random or reactive police patrols to have
no crime reduction effect (Sherman & Eck, 2002;
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Weisburd & Eck, 2004). Visible police patrols have been
found to reduce crime but only if they are targeted to specific
places where crime concentrates (Sherman & Eck, 2002;
Weisburd & Eck, 2004) or focus on a specific crime type
(Goss et al., 2008). Although the context and threats are very
different between police patrolling urban areas and wildlife
protection in remote settings, the principles are transferable
and factors that make police patrols more or less effective
may influence ranger patrols in a similar way.

Where patrols are supported by external funding, donors
and grant recipients have a vested interest in determining
when and where patrols are most effective. Patrolling and
other protected area management activities are costly, repre-
senting a significant proportion of the external support avail-
able to counter wildlife crime (UNODC, 2024; World Bank
Group, 2025), and carry a risk of heightening conflict with
local communities. This risk has led some donors to pull back
from supporting activities associated with law enforcement,
shifting available resources to activities that are either not
as effective or have yet to be adequately tested for effective-
ness [e.g. voluntary behavioural change (Thomas-Walters
et al., 2023; Rytwinski et al., 2024)]. In the broader context,
donors are also increasing requirements for evidence in fund-
ing applications (Parks et al., 2022). Better evidence for the
outcomes associated with patrolling can benefit donor deci-
sions on how best to allocate limited resources, as well as
assist donors and their implementers as they develop require-
ments for funding applications and evaluation metrics.

The research presented here is relevant to any organisa-
tion supporting patrol operations, not only for the reasons
listed above but also because the findings offer opportunities

to improve operations on the ground by highlighting the
need for well-managed and evaluated patrol efforts. Know-
ing if patrols in general work is not the same as knowing if
they work in a specific context. Finding and addressing inef-
ficiencies in the patrolling system is crucial for maintaining
high morale amongst rangers, improving management
systems and leadership pipelines, using and allocating
resources more efficiently, and providing evidence to local
communities, managers, and donors when requesting
support, capacity building, equipment, and funding
(Shane, 2010; Henson et al., 2016; Moreto et al., 2017; Spira,
Kirkby & Plumptre, 2019).
Herein we use a meta-analysis to determine the effect of

ranger patrols on African, Asian, and Latin American species
populations, using abundance as an indicator (see Fig. 1 for
an example theory of change diagram). We reflect on
whether the current evidence base for patrol effectiveness is
strong enough to change implementation strategies and
funding decisions. Based on our results, we identify areas
for improving future patrol effectiveness research and pro-
vide recommendations for strengthening the evidence base.

II. MATERIALS AND METHODS

(1) Systematic map on counter-wildlife-crime
interventions

This study builds on a systematic map that described the
existing body of literature addressing the effectiveness of
counter-wildlife-crime interventions (i.e. those that directly

Fig. 1. Example ‘theory of change’ diagram depicting direct (wildlife outcomes) and indirect (intermediate and threat reduction
outcomes) outcomes for reducing snare hunting with patrols.
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protect target wildlife from illegal harvest, detect and sanc-
tion rule-breakers, and interdict and control illegal wildlife
trade) for conserving African, Asian, and Latin American
wildlife directly threatened by exploitation (Rytwinski
et al., 2024). Out of the 53 interventions considered in the sys-
tematic map, ranger patrols (henceforth ‘patrols’) had the
best evidence base for evaluating effectiveness and is cur-
rently one of the few types of interventions for which there
is sufficient evidence to conduct a meta-analysis. Indeed, a
major finding from the systematic map was the overall lack
of studies (only 59 out of 530 included in the map; 11%) that
included a comparator (i.e. a comparison with the absence or
baseline level of an intervention, such as patrols, either over
time and/or between sites, e.g. Before–After or Control–
Impact study designs). Patrols investigated in relation to spe-
cies populations (using abundance indicators) was the most
suitable subset of this broader evidence base, with 16 patrol
studies identified using a comparative study design. We
acknowledge that patrol effectiveness can also be evaluated
using indirect outcomes, such as threat reduction outcomes
(see Fig. 1). In this regard, there have been numerous
attempts to quantify changes in threats related to changes
in patrol effort (e.g. Keane, Jones & Milner-Gulland, 2011;
Dancer et al., 2022). Alongside wildlife abundance, we
intended to investigate evidence of a reduction in poaching
threat. However, only five of the included studies linking
wildlife abundance to patrol efforts also reported a reduction
in poaching threat, of which only three used a comparator in
the threat reduction evaluation, resulting in its exclusion
from our analysis.

(2) Development of the systematic map and
identification of ranger patrol studies

The systematic map from which the studies on the effective-
ness of patrols on population abundance were identified fol-
lowed methods described in the stage 1 registered report
(Rytwinski et al., 2021). We performed this mapping exercise
following, as closely as possible, the guidelines of the Collab-
oration for Environmental Evidence (2018). We conducted
literature searches for the systematic map in 2021 using four
publication databases, Google Scholar, 36 specialist websites
and databases, and the reference sections of 66 relevant
reviews and sources identified through a call for evidence dis-
tributed to relevant networks. Early in the project planning,
we established and consulted an advisory team made up of
12 stakeholders and scientific experts to help develop the
search strategy, the intervention framework, and the inclu-
sion criteria for article screening. The advisory team con-
sisted of wildlife biologists, conservation scientists, and
criminologists from Indonesia, Malaysia, México, the
Netherlands, Rwanda, and the USA. Both peer-reviewed
and grey literature was compiled from searches, following
which studies were screened in two stages (i.e. title/abstract
and full text) using predefined inclusion criteria (see
Rytwinski et al., 2021, 2024).

Following screening, studies (English language only)
underwent meta-data coding and extraction for key variables
of interest, including: (i) bibliographic information; (ii) geo-
graphical location; (iii) species (or taxonomic group) informa-
tion; (iv) direct threat information; (v) intervention details
[e.g. Counter Wildlife Crime (CWC) intervention type,
actor(s) implementing CWC intervention (law enforcement
actors, non-law enforcement actors, mixed actors), whether
a CWC intervention was combined with a non-CWC inter-
vention]; (vi) study design and comparator information; and
(vii) outcome details. Further details of the search strategy,
article screening and study eligibility, data coding strategy
and synthesis can be found in the stage 1 registered report
(Rytwinski et al., 2021) and stage 2 final report (Rytwinski
et al., 2024). From the mapping exercise, we identified
57 studies linking abundance of at least one species to patrols,
of which 16 studies were identified as using a comparator and
considered for quantitative synthesis (see online Supporting
Information, Table S1 for PRISMA-EcoEvo Checklist,
Fig. S1 for ROSES flow diagram and Appendix S1).

(3) Data extraction for the quantitative synthesis

Building off the coded and extracted information from the
mapping exercise, the 16 patrol studies that used a compara-
tor then underwent quantitative data extraction by a single
reviewer (T.R.). We obtained sample sizes, abundance out-
come means (e.g. mean abundance of a species for the inter-
vention and comparator groups) and measures of variability
(e.g. standard deviation, standard error, confidence intervals
of outcomemeans) from each study separately and used these
to calculate individual effect sizes (see Section II.4). We
extracted quantitative data presented in the tables or text of
the included studies; data from figures were extracted using
data extraction software WebPlotDigitizer (Rohatgi, 2019)
when necessary.

Where raw data, rather than means, were provided, we
calculated and recorded summary statistics. Where quantita-
tive data or information were missing or unclear, we
attempted to contact authors and/or review any cited papers
within the individual studies in relation to these data.
Attempts were made to avoid double-counting results by
identifying situations where a single investigation was
described in multiple documents (e.g. the findings of a report
later published as a peer-reviewed journal article, annual
update reports of the same monitoring project, or data from
a single project re-analysed in multiple journal articles). This
resulted in one study being condensed with another to ensure
that each included study represented a unique evaluation,
leaving 15 studies for quantitative synthesis (including
37 cases; there could be more than one case from a given
study if there were linkages between patrols and abundance
for more than one species).

In addition to quantitative data, we extracted information
describing key sources of potential heterogeneity
(i.e. predictor variables that may influence effect sizes) from
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author-reported information or specific external sources (see
online Supporting Information Appendix S2, Table S2).

(4) Effect size calculations

We used two effect size measures for our meta-analyses. First,
the more robust standardised mean difference measure
(Hedges’ g), was used to compare the mean abundance from
time periods or locations where a patrol was implemented
(i.e. intervention group) to the mean abundance from time
periods or locations where no patrols (or some baseline level
of patrols) were conducted (i.e. comparator group). To calcu-
late Hedges’ g effect sizes, replication in both the intervention
and comparator groups was required in study designs, limit-
ing the number of effect sizes eligible for inclusion in the
meta-analysis. We considered patrols: (i) to be associated with
wildlife abundance increases when a Hedges’ g effect size was
significantly >0 [i.e. Higher abundance; the 95% confidence
intervals (CI) did not overlap 0]; (ii) to have no association
with wildlife abundance when there was a non-significant g
(i.e. No change in abundance; a Hedges’ g with 95% CIs that
overlapped 0); and (iii) to be associated with wildlife abun-
dance decreases when Hedges’ g was significantly <0
(i.e. Lower abundance).

To offer further insight and make use of the full evidence
base, % change was also developed as a second, less robust
metric. This effect size measure allowed for the inclusion of
studies that lacked replication in either the intervention
and/or comparator group. For % change effect sizes (not
related to statistical significance as this could not be deter-
mined for this metric), we considered Higher abundance as a
% change >0, No change in abundance as a % change = 0, and
Lower abundance as a % change <0. See Appendix S3 for full
effect size calculation details.

(5) Data analysis

Once effect sizes were calculated, we combined effect sizes
(separately for Hedges’ g and % change) to estimate whether
areas implementing patrols on average affected wildlife
abundance of African, Asian, and Latin American
wildlife directly threatened by exploitation compared to time
period(s) or location(s) where no patrols (or some baseline
level of patrols) were conducted. We considered patrols to
be associated with wildlife abundance increases when the
mean effect size was (i) positive, indicating wildlife abun-
dance on average increased with implementation of patrols
compared to no patrols [i.e. a mean Hedges’ g or median
% change >0]; and (ii) significantly different from zero
[i.e. when the 95% confidence intervals of the mean effect
size (or median, in the case of % change) did not overlap with
the line of no effect]. Results from the % change meta-ana-
lyses supplemented and were compared against (when possi-
ble) the more robust meta-analysis using Hedges’ g. All
studies featured in the meta-analyses were entered into a
database with descriptive meta-data, coding, and effect size
estimates (see online Supporting Information Tables S3–S8).

All analyses were conducted in R version 4.2.3 (R Core
Team, 2023).

(a) Standardised mean difference (Hedges’ g)

Using the subset of cases where Hedges’ g could be calculated
(i.e. 11 of the identified 37 cases), we conducted a random-
effects meta-analysis with restricted maximum-likelihood
(REML) estimator to compute a weighted summary effect
size using the rma.mv function in the ‘metafor’ package
(v. 4.0–0; Viechtbauer, 2010). A random-effect model
assumes that there is no true effect size that is fixed for all
studies and instead assumes that effect sizes will not be iden-
tical across studies and that the effect sizes are a random sam-
ple from a population of effect sizes (Borenstein et al., 2010).
We used REML to estimate the total amount of heterogene-
ity, as this estimator is known to be approximately unbiased
and efficient (Viechtbauer, 2005). Study ID was included as
a random factor in the model to account for multiple effect
sizes from the same study (e.g. multiple species). Heterogene-
ity in effects was calculated using the Q statistic, which was
compared against the χ2 distribution, to test whether the total
variation in observed effect sizes (QT) was significantly greater
than that expected from sampling error (QE) (Rosenberg,
2013). A statistically significant Q indicates greater heteroge-
neity in effect sizes (i.e. individual effect sizes do not estimate
a common population mean), suggesting there are differ-
ences among effect sizes that have some cause other than
sampling error. Although it was our intention to investigate
whether predictor variables such as species group and traits,
study region, the actors involved in patrol implementation,
and patrol methods, accounted for variation in effect sizes
(see online Supporting Information Appendix S2 and
Table S2), there were insufficient sample sizes to do so. We
produced a forest plot to visualise mean effect sizes and 95%
confidence intervals from individual comparisons using the for-
est function of the ‘metafor’ package (Viechtbauer, 2010).
In addition to our effort to reduce publication bias by

including data available in grey literature, we examined the
potential for publication bias towards publishing only posi-
tive or statistically significant results (see online Supporting
Information Appendix S4 for further details on detecting
and assessing the impact of publication bias). Patrol regime
effectiveness also may be artificially inflated when abundance
data are collected during anti-poaching patrols. This could
occur, for instance, if increased/improved patrols in the
‘after’ periods were more able to detect wildlife compared
to before a change in the patrol regime. Therefore, we
explored the potential influence of including studies that used
patrol-collected abundance data on the summarised effect
sizes.

(b) % change

We conducted the analysis based on % change effect sizes
using the ‘rstatix’ package (version 0.7.2; Kassambara,
2023b). Because % change data were non-normally
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distributed (according to the Shapiro–Wilk test for normality
using the Shapiro. test function) and relatively few in number
(i.e. 37 effect sizes in total), we used a non-parametric one-
sample Wilcoxon signed rank test to test for a significant
deviation from a% change value of zero (no change in abun-
dance with implementation of patrols) using the wilcox. test

function. When possible, we also investigated whether pre-
dictor variables accounted for variation in effect sizes (see
online Supporting Information Table S2 and Appendix S2
for data analysis details).

III. RESULTS

(1) Description of studies

Most of the 15 identified studies took place in Africa (N = 10),
with fewer in Asia (N = 4) and Latin America (N = 1)
(Fig. 2A). Studies in Africa included estimates of population
abundance for 14 species, most commonly elephants (Loxo-
donta africana and L. cyclotis), gorilla (Gorilla gorilla, G. beringei)
and various bovids (Bovidae), in particular duiker species
(i.e. small to medium-sized brown forest-dwelling antelopes,
e.g. Cephalophus spadix, C. harveyi, Philantomba monticola)

(Fig. 2B). In Asia, seven species were evaluated, most often
Indian rhinoceros (Rhinoceros unicornis) and a few felid (Panthera
tigris, P. tigris corbetti, P. uncia), and bovid species (Ovis ammon,
Capra sibirica) (Fig. 2C). The single study in Latin America
included four species; three monkeys (Callithrix penicillata,
Sapajus xanthosternos, Callicebus melanochir) and one small wild
cat (Leopardus wiedii) (Fig. 2D). See online Supporting Infor-
mation Table S6 for further study descriptions.

(2) Quantitative synthesis

(a) Are patrols associated with increasing population abundance of
African, Asian, and Latin American wildlife threatened by exploitation?

We found tentative support that patrols were associated with
higher levels of wildlife abundance. On average, abundance
of African, Asian, and Latin American wildlife directly
threatened by exploitation was higher in a time period(s) or
location(s) where patrols were present, compared to a
period(s) or location(s) with no or lower levels of patrolling
(Fig. 3). We were not, however, able to confirm causality
between patrols and changes in population abundance
because there were too few adequately designed and
reported evaluations of effectiveness (see Section III.3). We
emphasise that the purpose of summarising effect sizes across

Fig. 2. Geographical location of the 15 studies included in the meta-analyses (A) and effect size counts for Hedges’ g and % change
metrics showing the association of patrols with wildlife abundance (Higher abundance in blue; No change in abundance in pink;
Lower abundance in yellow) for species groups from Africa (B), Asia (C), and Latin America (D). Animal silhouettes relate to one
or more species of elephants, rhinos, bovids, primates, or felids. Note the difference in y-axis scale in B compared to C and D.
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studies is to identify general trends in the evidence base, and
the context of patrolling is important for interpretation of this
finding (see Section III.2b).

The more robust meta-analysis using Hedges’
g suggested that most cases showed higher levels of wildlife
abundance in areas implementing patrols relative to areas
with no or lower levels of patrolling (9 of 11 effect sizes had
a Hedges’ g > 0), with five of these comparisons showing
statistically significant increases in abundance (Fig. 3A;
also see Fig. 2B–D). There were no cases showing lower
levels of wildlife abundance in areas implementing patrols
(statistically significant g < 0 with confidence intervals that
did not overlap 0). There was, however, significant hetero-
geneity in effect sizes (Q = 34.47, P = 0.0002), suggesting
there were differences among effect sizes that have some

cause other than sampling error. Ideally, we could have
explored this heterogeneity by testing our predictor vari-
ables using mixed-effects models but there were too few
Hedges’ g effect sizes to do so. Our visual assessments to
detect publication bias suggested possible evidence of pub-
lication bias towards studies showing large positive effects
of patrols with high uncertainty; however, results may
not be reliable given the small number of studies (see
online Supporting Information Appendix S5 and Fig. S2).
Positive population change was associated with patrols in

73% of cases (27 of 37 effect sizes) using the more inclusive
but less robust meta-analytical approach with % change.
The statistical significance of individual % change effect sizes
could not be determined for this metric (Fig. 3B; also see
Fig. 2B–D). No change in wildlife abundance occurred in

Fig. 3. Summary results from the meta-analyses using (A) the more robust standardised mean difference (Hedges’ g) and (B) %
change. In the left panels, we present the percentage of individual effect sizes showing higher, lower, or no change in wildlife
abundance levels where patrols were implemented compared to no or lower levels of patrolling. For Hedges’ g effect sizes, changes
in wildlife abundance were based on statistical significance [i.e. g > 0 (higher abundance), g < 0 (lower abundance), or g with 95%
confidence intervals (CI) that overlapped 0 (no change in abundance)]. For % change effect sizes, changes in wildlife abundance
were based simply on the direction of the effect [i.e. % change >0 (higher abundance), % change <0 (lower abundance), or %
change ffi 0 (no change in abundance)]. In the top right panel, we provide a summary forest plot of all Hedges’ g effect size
estimates, along with the studied species. Error bars indicate 95% CIs. A positive mean value (right of dashed zero line) with 95%
CIs that do not cross zero indicates that patrols were associated with higher levels of wildlife abundance. In the bottom right panel,
we present the descriptive results from the one-sample Wilcoxon signed rank test and a histogram of the % change values
indicating the median effect size (blue dashed line; 66.3%) was significantly different from zero.
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5% of cases (2 of 37). Lower levels of wildlife abundance
occurred in 22% of cases (8 of 37).

Where there was sufficient information reported within
studies, we attempted further to explore cases of lower levels
of wildlife abundance to see whether slowed decline or stabi-
lisation over monitoring years occurred for species following
a patrolling intervention. We found some evidence that this
was the case for two Asian studies: tigers (P. tigris) in Huai
Kha Khaeng Wildlife Sanctuary located in the northwest of
Thailand (Duangchantrasiri et al., 2016), and rhinoceros
(R. unicornis) in Bardia National Park situated in Nepal’s
Western Terai; established for protecting the representative
ecosystems and conserving the habitat of tiger and its prey
species (Acharya et al., 2020) (see online Supporting Informa-
tion Fig. S3). However, for the remaining lower wildlife
abundance cases, it is unclear whether patrols were ineffec-
tive (e.g. insufficient manpower to reduce poaching) or as
others have noted, patrols actually increased the threat, such
as rangers themselves directly poaching or sharing knowl-
edge of wildlife with poachers (Ayling, 2013; EIA, 2014;
Moreto, Brunson & Braga, 2015; Rademeyer, 2023).

Only a single study included in our synthesis used patrol-
collected abundance data in its evaluation (one out of the
11 Hedges’ g effect sizes, and two out of the 37% change
effect sizes). The resulting effect sizes were negative, indicat-
ing lower levels in abundance following implementation of
patrols. Therefore, the association between patrols and
higher levels of wildlife abundance was not artificially inflated
when abundance data were collected during patrols.

(b) What are the correlates of ranger patrols and wildlife abundance?

We attempted to investigate potential reasons for differences
in effect sizes. This could only be done by analysing %
change and investigating single predictor relationships
(i.e. sample sizes did not allow us to explore multiple factors
at once, limiting our ability to determine the relative impact
of each factor on effect sizes). We provide a short summary of
our findings below, with additional results and visualisations
available in Appendix S6, Table S9 and Figs S4–S11. Given
the relatively small sample sizes of these investigations, these
results may be of limited value due to low power and could be
potentially misleading without further consideration of local
context. As such, we caution that these more specific results
on patrolling context should be considered tentative
(i.e. thought-provoking) rather than conclusive.

We found tentative evidence that changes in wildlife abun-
dance associated with patrols varied with species group, spe-
cies traits (i.e. generation time, reproductive rate, body size),
and habitat (see online Supporting Information Fig. S4).
First, the association between patrols and population abun-
dance varied with species group (P = 0.016), with bovid
abundance showing a larger median positive change value
following patrols than other groups, especially compared to
primates (pairwise comparison between: bovids and primates
P = 0.020; elephants and primates/bovids P > 0.1). Second,
we found tentative evidence that species with longer

generation times, lower reproductive rates, and larger body
sizes showed smaller median positive change values following
patrols than species with shorter generation times
(P = 0.023), higher reproductive rates (marginal significance;
P = 0.067), and smaller relative body sizes (P = 0.048).
Third, we found evidence that wildlife abundance levels asso-
ciated with patrols varied depending on habitat type, with
higher levels of wildlife abundance occurring less frequently
in habitats with limited visibility (i.e. closed forested habitats)
compared to patrols in areas with potentially greater visibility
(e.g. semi-open shrublands). This association was strongest
when comparing results from forests with those from mixed
habitats (i.e. patrols implemented in a mixture of forests
and shrublands/grasslands/savannas/deserts P = 0.040).

(3) Summary of limitations encountered within
existing evidence base

Overall, a limited number of studies combined with inade-
quate study designs and poor reporting severely limited our
ability to draw strong conclusions about the relationships
between patrols and changes in wildlife population abun-
dance. Inferences on causality within individual studies were
constrained for the reasons listed below, and consequently in
our review as well, which prevents us from definitively con-
cluding that patrols were responsible for increasing wildlife
abundance.

(a) Studies often lack a comparator or counterfactual event (i.e. what
would have happened if there had been no patrols?)

Of the 57 studies identified from the mapping exercise to
have evaluated patrols in relation to wildlife abundance
in the three regions, only 15 unique studies included an
appropriate temporal or spatial comparator that allowed
for their inclusion in this review, resulting in a meta-
analysis with relatively few studies. This absence of com-
parators prevents attribution of any observed change in
an outcome to the studied patrol intervention because
changes in the outcome could have occurred without the
intervention, for example due to natural seasonal changes,
changes in land use, market [demand] fluctuations, or any
other threat-reduction strategies occurring at the same
time (Christie et al., 2020).

(b) Studies have low temporal or spatial replication

Of the 15 studies that included a comparator, only six (40%)
had replication in time or space [>1 before and after patrol
time periods (Before–After design) or spatial locations with
and without patrols (Control–Impact design)] (see online
Supporting Information Fig. S12). Replication is critical for
strong inference. An important assumption when comparing,
for instance, spatial locations with and without patrols is that
these locations are as similar as possible to each other. Repli-
cation reduces the risk of location differences influencing the
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results and increases the strength of the inference that the
observed differences are due to the intervention itself.

(c) Studies often lack consistent and/or long-term monitoring of
population abundance

Most included articles had gaps in years for reported wildlife
abundance data (80%; range in gaps: 1–14 years) and
involved less than 5 years of during/post-patrol implementa-
tion monitoring (80%), with many of these cases monitoring
for less than or only 1 year (see online Supporting Informa-
tion Fig. S12). This absence of consistent long-term monitor-
ing severely limits our ability to link any observed change in
population abundance to patrol efforts, and to allow ade-
quately for the potential time lags in responses to this
management.

(d) Studies often lack evidence of a reduction in the poaching threat

Of the 15 included studies linking wildlife abundance to
patrol efforts, five also reported a reduction in a poaching
threat, but only three of these used a comparator in the
threat reduction evaluation. Without monitoring threat
trends alongside wildlife abundance, it is difficult to be
confident that patrols resulted in increases in wildlife
abundance.

(e) Many studies are poorly documented

The studies reviewed provided limited information about the
general characteristics of the patrol efforts (e.g. patrol team
sizes, number of patrol areas, distance covered by patrol
units, patrol duration, patrol mandate/objective,
patrol strategies). This lack of information on how, where,
when, and why patrols operate limited our ability to investi-
gate the contexts in which patrols worked or did not work
using quantitative synthesis.

( f ) Many study designs confound conservation actions

Most of the included evaluations of patrols were confounded
by the implementation of other conservation actions either
simultaneously or consecutively with no attempts made to
disentangle relative impact (see online Supporting Informa-
tion Table S6). This limits both certainty in the specific role
played by patrols in increasing wildlife abundance, and
how different interventions interact with one another, either
positively or negatively.

IV. DISCUSSION

Below, we discuss the implications of the limitations outlined
above on our understanding of the effects of ranger patrol
efforts on wildlife abundance and provide initial recommen-
dations on how to strengthen the evidence base for patrol

effectiveness evaluations for decision and policy makers,
managers and researchers.

(1) Ranger patrols contribute to wildlife abundance
increases, but context matters and evidence is thin

Given the widespread use of ranger patrolling globally for
wildlife protection purposes, this study aimed to provide an
answer to the seemingly simple question: is ranger patrolling
associated with increased wildlife abundance? This is more than an
academic enquiry. Answering this question is imperative
given the human, material and financial resources invested
in patrolling, the need to take ranger welfare seriously to
ensure rangers are not put in danger unnecessarily, and the
responsibility to ensure patrolling impacts wildlife protection,
ecosystems, and communities positively.
This synthesis provides decision-makers with tentative evi-

dence that patrols are associated with increasing wildlife
abundance. We caution that we cannot yet definitively say
that patrols work, since the evidence base had several limita-
tions, nonetheless, our study provides positive signals that
patrols can work and identifies several conditions under
which patrols may work better. This is reassuring given the
widespread use of patrolling as a conservation activity and
the large investments (human and financial) in patrol systems
globally. Our results are consistent with the consensus of sev-
eral experts that patrols are ‘likely to be beneficial’ in the
Conservation Evidence database, an open-access resource
that collates, assesses, and disseminates evidence on the effec-
tiveness of conservation approaches (Littlewood et al., 2020;
https://conservationevidence.com). Our findings also sug-
gest the evidence (albeit still tentative) is stronger for some
animal species groups than others, and for patrols conducted
in open habitats.
Our results also provide preliminary signals for conditions

in which patrolling may be less effective. Patrolling was asso-
ciated with either no change in wildlife abundance or lower
levels of wildlife abundance compared to time periods or
locations without patrolling in 27–55% of cases, depending
on the effect size metric used in our analyses (Fig. 3). The
individual studies did not provide details that help explain
why this is the case. However, other studies suggest there
are three main ways patrolling can fail: (i) Efficiency gaps,
where core functions of the ranger protection team are not
working. This could be teams missing essential equipment,
low welfare and wages to perform the job and maintain
morale (Belecky, Singh & Moreto, 2019), or poor tasking
and tactics to ensure patrols concentrate on priority threats
at the right times and places; (ii) Enforcement swamping, where
the scale and intensity of an emerging poaching threat over-
whelms the capacity of patrols to reduce it (Kleiman, 1993).
For instance, a huge increase in hunting events with hunters
switching to the highly lethal massed steel wire snares
resulted in extinction of tiger and leopard fromNamEt Phou
Louey despite patrol enhancements (Rasphone et al., 2019);
and (iii) Collusion, where patrol teams create enabling condi-
tions for threats. Rangers themselves may collude with
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poachers (Moreto et al., 2015; Kuiper et al., 2025b) or them-
selves directly poach (Belecky, Moreto & Parry-Jones, 2021),
in either case resulting in the focal wildlife population
remaining depressed or reducing further.

We also identified a few conditions under which patrols
may work more effectively but we caution that sample sizes
for these analyses were relatively small, and as such, are likely
context specific and should be considered suggestive rather
than conclusive. First, we found tentative evidence that
patrols were less effective in habitats with limited visibility
compared to patrols in more open habitats. Second, bovid
abundance showed a larger median positive change value
following patrols than other groups (e.g. primates), and spe-
cies with longer generation times, lower reproductive rates,
and larger body sizes showed smaller median positive change
values following patrols than species with shorter generation
times, higher reproductive rates, and smaller relative body
sizes (see online Supporting Information Fig. S4). These
results highlight that species with larger relative body sizes,
longer generation times, and lower reproductive rates are
slower to recover after population declines caused by over-
harvesting and support previous findings of trait-based pre-
dictors of extinction risk in terrestrial vertebrates (Scheffers
et al., 2019; Chichorro et al., 2022).

Studies of wildlife species with these rarity-prone traits
comprised most cases analysed in this study (Hedges’ g:
64% of cases, % change: 41% of cases), unsurprisingly given
that enhanced wildlife protection using patrols is aimed at
recovering conservation-dependent species. But only 24%
of cases included in our % change analysis considered patrols
implemented for at least as long as a target species generation
length. This suggests that for most of the current evidence
base, patrols had not been conducted for long enough to
evaluate adequately the potential rate of population
recovery.

These results highlight the importance of long-term wild-
life population monitoring in evaluations. They also show
the value of tracking indicators that are more responsive in
the short term, such as year-on-year survival of individuals,
home range tenureship, patch occupancy, litter or clutch
size, and survival of offspring to first year. These are precur-
sors to population increase, providing practitioners with fas-
ter feedback on whether the patrols are having the intended
effect.

Within the relatively small evidence base on patrolling
evaluation, there was evidence of geographic bias with far
fewer studies conducted in Latin America and Asia com-
pared to Africa (Fig. 2A). Because most of the effect sizes
for our meta-analysis were from Africa, this could limit
extrapolation of review results to other geographic regions.
A similar geographical disparity was found in the systematic
map that more broadly described the existing body of litera-
ture addressing the effectiveness of various counter-
wildlife-crime interventions (Rytwinski et al., 2024), from
which the patrol evaluation studies were identified. As noted
in that synthesis, the geographical imbalance could be due to
a language bias (Konno et al., 2020) since searches were

limited to English language literature; however, we believe
this does reflect a true imbalance in the production of knowl-
edge. The inequitable lack of attention, data, and funding for
environmental harms and wildlife crime investigations and
interventions in Latin America has been noted previously
by others (e.g. Reuter, Kunen & Roberton, 2018;
UNODC, 2020, 2024; Gluszek et al., 2021; Arroyo Quiroz,
Carpio Domínguez & Castro Salazar, 2024) and our findings
further amplify calls to address these gaps.

Finally, we want to emphasise the importance of local con-
text when examining patrol effectiveness. One example is the
economic value of the species or its body parts. For instance,
risk tolerance was found to be extremely high among tiger
poachers in the Sundarbans, where a tiger was worth
13 years of average local salary (e.g. Uddin et al., 2023);
meaning patrols would have to increase greatly the perceived
risk of hunting to offset the enormous reward. Other studies
have found that smaller reserve size and weaker connected-
ness to other landscapes are important precursors of the risk
of local extinction of wildlife populations from a range of dif-
ferent threat types (Burkey, 1989), higher local human den-
sity is associated with elevated extinction risk in reserves for
numerous species (Parks & Harcourt, 2002; Cardillo
et al., 2004), and accessibility via logging trails or highways
increases risk of poaching (Quintana et al., 2022). Thus, the
effectiveness of patrols can be hindered due to the context
of the landscape, not only the implementation of this protec-
tion strategy.

Understanding how these and other external factors influ-
ence where and why patrols are more or less likely to be effec-
tive, particularly compared to alternatives, are important
lines of further research to guide resource decision making
by reserve managers. Equally, examining the internal factors
that amplify or hinder patrol success is needed to guide opti-
misation of patrol teams. These are areas beyond the scope of
this analysis but should be the focus of future research.

(2) Towards better evaluations of ranger patrol
effectiveness in conservation

Because patrols are a popular intervention for deterring and
slowing biodiversity loss globally, it is critical that the conser-
vation community undertakes more robust evaluations of
whether and how patrol efforts are achieving goals, both to
justify investments in patrolling, and to improve the effective-
ness of patrols. Yet designing impact assessments can be chal-
lenging. While some of the limitations encountered in the
current evidence base for patrols are solvable through more
thoughtful study design and reporting (e.g. documenting
comprehensive information on how, where, when, and why
patrols operated), other components are more likely difficult
to include and implement in designs (e.g. including compar-
ators or achieving greater replication in time or space may be
logistically challenging). Below we offer initial recommenda-
tions to encourage communities, implementers and funders
to collaborate in building an evidence base for patrol effec-
tiveness that is strong enough to guide decision-making and
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improve wildlife crime prevention and conservation out-
comes. Providing full detailed guidance is beyond the scope
of this review; however, we acknowledge that doing so will
be an important next step for guiding practitioners globally
to understand better in which contexts and when patrols
are effective and why. We begin by describing how evidence
is created and then used for resource allocation decisions to
support adaptive management. Then, we propose key ele-
ments for conservation practitioners and evaluators to con-
sider to enhance the rigour of their evaluations.

(a) How patrol effort evaluations can assist decision making in
conservation

When a protected area manager invests in patrols to reduce a
particular threat, they can initially use a decision tree of con-
siderations to assess effectiveness (Fig. 4). First, consider
whether the threat has declined sufficiently. If not, then the
patrols have not worked as intended, and further analysis is
required to identify alternative patrol strategies or alter-
nate/complementary interventions. If the threat did decline
sufficiently, this could be an opportunity to redirect some
ranger teams to focus on other activities. Second, knowing
with reasonable confidence that patrols were responsible for
reducing the threat, and the reason why patrolling worked,
allows the protected area manager and local communities
to modify and apply the same patrol approach to similar
threats. It is possible that patrols work up to a point in limit-
ing the threat, but if the threat is accelerating, for instance
through a surge in demand for the wildlife product (for each
market), subsequent enforcement swamping (Kleiman, 1993)
may lead to patrolling being ineffective at reducing wildlife
decline. Thus, managers should always consider alternative
factors and accurately measure and track the trend in a focal
threat independently of the implementation of patrols, and
wildlife outcome change. This also highlights the importance
of analysing and understanding the inherent characteristics
or attributes of each threat to select alternative interventions
when patrols alone are not proving sufficient.

(b) Recommendations to enhance the rigour of patrol effectiveness
evaluations

We offer the following initial recommendations to enhance
the rigour of patrol effectiveness evaluations.

First, to understand better how threats change due to
patrolling, conservation practitioners and evaluators should
focus on one measurable and precisely defined threat and
find ways to quantify the behaviour change of individuals tar-
geted by patrols. Furthermore, to understand what threat
reduction actions were conducted and how exactly the
actions change behaviour, future evaluations should map
out (a priori) a theory of change to identify how and why a
patrol intervention will achieve desired outcomes. Metrics
at key stages must be identified to measure patrol tactics
and effort quantitatively or qualitatively and to indicate at
what stage patrols are or are not effectively achieving results.

For this process, we suggest following an adaptive decision-
making framework such as the Conservation Standards
(Browne et al., 2021) and depending on the context in ques-
tion, involve local communities from planning to implemen-
tation and monitoring (e.g. Cooney et al., 2017, 2018).
Second, to untangle the impact of patrols from other con-

servation interventions implemented at the same time,
conservation practitioners and evaluators should include
counterfactuals in evaluations to answer the question, ‘what
would have happened to the threat without patrols?’ Coun-
terfactuals (i.e. a comparison with the absence of patrols
either over time or between locations) enables strong infer-
ence that any change observed in an outcome can be attrib-
uted to patrols. Also, evaluators should make an inventory of
concurrent conservation programs and map their impact on
the threat onto the theory of change to consider potential
effects on patrol outcomes. To understand potential side
effects, conservation practitioners and evaluators should look
for signs of threat displacement (i.e. spatial, temporal, tacti-
cal, target, threat type, and/or offender replacement;
Cornish & Clarke, 2017), diffusion of benefits (Johnson,
Guerette & Bowers, 2012) that occur outside of patrolled
areas, unintended consequences caused by patrols that are
not related to the threat, and impacts on local communities.
Third, to link any observed change in population abun-

dance to patrols, and to allow adequately for the potential
time lags in responses to this management, future evaluations
should focus on specific species harmed by the threat and
establish a long-term wildlife monitoring program.
Lastly, to understand better what mechanisms and condi-

tions made the patrol intervention work well, such that the
approach could be applied effectively in a similar or different
context, future conservation practitioners and evaluators
should consider including an assessment to understand the
specific attributes of patrol units. Characteristics could
include: how patrols were planned, implemented, and man-
aged; costs and a cost-to-benefit analysis; and a record of
key moderators that enabled or hindered patrols such as
leadership or training.
Incorporating any of the initial recommendations outlined

here would elevate the impact of future patrol evaluations.
We recognise that doing so will require more detailed guid-
ance and resources. Indeed, robust evaluation is costly and
can require specialist knowledge and new data collection or
analysis. For this reason, governmental and non-
governmental agencies and donors can play an important
role in driving the development of a stronger evidence base
for patrol effectiveness. As a starting point, Miller et al.
(2025) recommended that global donors allocate a small por-
tion of annual investments (i.e. 1–3% of budgets) to test the
effectiveness of interventions. Further, we encourage
evaluation-specific grants or contracts to match protected
area managers and local communities with evaluation
collaborators (e.g. conservation and crime science academics)
to provide additional expertise to conduct, analyse, and
publish a rigorous evaluation. The recent evaluation of
rhino protection efforts in the greater Kruger area
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Fig. 4. Flow chart illustrating how evidence of patrol effectiveness is created and subsequently used for resource and strategies
allocation decisions (adapted from Eck, 2017).
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(Kuiper et al., 2025a) is a good example of this. Additionally,
we encourage implementers and funders to reduce their reli-
ance on effort-based metrics of patrol, such as kilometres
patrolled or area coverage, to monitor projects and instead
collaborate with experts (including locals) who can assess
context-appropriate metrics that more rigorously reflect the
desired conservation outcomes of patrols. Public and private
funders can help institutionalise new norms and standards by
commissioning and disseminating evidence-based guidance
to applicants about how to improve evaluation methods.
Finally, we encourage these groups to offer opportunities
for funding and adequate timelines to support technical assis-
tance and capacity building for evaluation planning and
experiment design (Miller et al., 2025).

We also recognise that the level of reporting detail we are
suggesting would be challenging to package into the format
for scientific journal articles, and that current conservation
evidence portals do not provide the resolution needed to
guide decision-makers in counter-wildlife-crime interven-
tions. Hence, we see this as an opportunity to build a
practitioner-friendly evidence base, and there are now tools
we can use to achieve this. The Sustainable Nature and Peo-
ple’s Partnership (SNAPP) Preventing Wildlife Crime work-
ing group recently launched a website (https://
collaborations.wcs.org/snappwildlifecrime) compiling case
studies of counter-wildlife-crime interventions reviewed
using the EMMIE framework (Johnson, Tilley & Bowers,
2015), the gold standard in evaluating policing interventions.
The IUCN’s Sustainable Use and Livelihoods Specialist
Group compiles and synthesises information on the use (sus-
tainable or unsustainable) of wild species worldwide (https://
speciesusedatabase.com/), and specifically on the sustain-
ability of such uses (Roe et al., 2025). Additionally, adapting
a tool like the species distribution model protocol builder
ODMAP (https://odmap.wsl.ch/) could assist evaluators of
patrol interventions in building the foundation of their case
study.

V. CONCLUSIONS

(1) Our synthesis on the effect of ranger patrols on African,
Asian, and Latin American species populations directly
threatened by exploitation provides decision-makers with
positive signals that patrols can contribute to protect and
conserve wildlife.

(2) Further, our results imply that projects should recognise
a higher risk of failure when conducting or supporting patrol
efforts in contexts where the evidence base is thin, i.e. for
data-deficient geographies and species groups, such as those
from Latin America and Asia.

(3) Importantly, our findings highlight that the current evi-
dence base has limitations and is not yet strong enough defin-
itively to guide decision-making. In particular, inadequate
study designs and documentation of the general characteris-
tics of patrol units limited our ability to draw strong

conclusions about the relationships between patrols and
changes in wildlife population abundance, and in what con-
texts patrols worked or did not work.
(4) Although our findings may not yet provide definitive

guidance for directing conservation implementation or fund-
ing decisions, they highlight the need for decision-makers to
evaluate the evidence base for patrols critically and address
its limitations, reaffirming the importance of continued
investment in and improvement of patrolling strategies. Gov-
ernments, multilateral international organisations and
donors are appropriate leaders to fill the financial gap, by
incentivising better evidence of patrol effectiveness and pro-
viding funding for implementing on-the-ground experimen-
tal initiatives, monitoring indicators, and evaluating impact.
In turn, conservation and crime science academics have a
role to play in supporting and guiding assessments and train-
ing analysts needed to conduct them.
(5) To generate a stronger evidence base, we need more

assessments, expanded regional coverage and higher quality
evaluations of patrol effectiveness. Future research that dives
deeper into the moderators and mechanisms that explain
why patrols succeed or fail will be critical for local communi-
ties, practitioners, governments, and donors to make
informed decisions about how better to use this deterrence
and conservation action. Furthermore, by investing in rigor-
ous patrol impact evaluations, organisations can manage
their strategies more adaptively to ensure financial and
human resources spent on patrolling are translating into
meaningful patrol conservation and protection outcomes
for wildlife and people.
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Rasphone, A.,Kéry, M.,Kamler, J. F.&Macdonald, D.W. (2019). Documenting
the demise of tiger and leopard, and the status of other carnivores and prey, in Lao
PDR’s most prized protected area: Nam et – Phou louey. Global Ecology and

Conservation 20, e00766.
Reuter, A., Kunen, J. & Roberton, S. (2018). Averting a Crisis: Wildlife Trafficking in

Latin America. Wildlife Conservation Society, Bronx, NY.
Richardson, K., Steffen, W., Lucht, W., Bendtsen, J., Cornell, S. E.,
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