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Abstract Liberia has the largest blocks of continuous forest
in West Africa, providing habitat for numerous wildlife
species. However, there is a lack of empirical data about the
status of Liberia’s wildlife populations. During 2010–2012
we conducted the first nationwide survey in Liberia along
c. 320 km of systematically located transect lines to estimate
the abundance of chimpanzees Pan troglodytes verus, the
diversity of large mammals and the nature and degree of
anthropogenic threats. With . 7,000 chimpanzees, Liberia
is home to the second largest population of West African
chimpanzees and is therefore a priority for conservation of
the species. Compared to the fragmented populations in
other range countries the Liberian population is potentially
one of the most viable. Our study revealed that the majority
of chimpanzees and some of the most species-diverse mam-
mal communities in Liberia exist outside protected areas.
High hunting rates and plans for large-scale exploitation of
natural resources necessitate rapid implementation of effec-
tive strategies to ensure the protection of one of West
Africa’s last strongholds for chimpanzees and other rare and
threatened mammal species. We provide a country-wide
baseline dataset that may serve as a platform for Liberian
wildlife authorities, policy-makers and international con-
servation agencies to make informed decisions about the
location and delineation of proposed protected areas, to
identify conservation gaps and to devise a conservation
action plan to conserve Liberia’s wildlife resources.
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Introduction

Liberia’s c. 4.33 million ha of forest (Christie et al., 2007)
are distributed within the two largest remaining areas of

continuous forest inWest Africa (Kunkel, 1965; Gatter, 1997)
and contain c. 40% of the remaining Upper Guinea forests.
The country potentially hosts as yet unknown species and
lies within a conservation priority ecoregion (Jenkins et al.,
2013). Moreover, it has high levels of biodiversity and falls
within the richest 5% of land area for threatened am-
phibians, birds and mammals (Jenkins et al., 2013), includ-
ing the West African chimpanzee Pan troglodytes verus.

Junker et al. (2012) found that, within West Africa,
Liberia has the most suitable environmental conditions
(SEC) for chimpanzees, a measure defined by environmen-
tal and human impact variables, including human popu-
lation density, poverty, distance to roads, precipitation,
temperature, distance to rivers, forest cover and distance to
nearby forest. Although there has been a 3.94% decrease in
SEC in Liberia since the 1990s, this is relatively small com-
pared to other countries in the region (e.g. Côte d’Ivoire,
18.34%; Ghana, 16.45%; Campbell et al., 2012). Liberia still
has relatively large remnants of suitable habitat for chim-
panzees and other species, which should make the country a
conservation priority in West Africa. The long-term
survival of Liberia’s wildlife populations may be threatened
by hunting (Anstey, 1991; CEEB, 2003–2004; Greengrass,
2011; Bene et al., 2013), unsustainable land-use management
(Humle & Kormos, 2011) and the illegal pet trade
(Verschuren, 1983; Junker, pers. obs.).

Anstey (1991) estimated the annual wildlife harvest in
Liberia at 150,000 t, which is one of the highest per capita
offtake rates in Africa. More recent bushmeat surveys
estimated the total income generated from meat sales in
Monrovia in , 1 year at .USD 8 million (CEEB,
2003–2004). Hunting has been reported as one of the
main threats to wildlife, even near officially protected areas
(Greengrass, 2011; Bene et al., 2013). Quantitative data on
offtake rates of chimpanzees are rare but chimpanzees
appear to be hunted country-wide and mostly opportunis-
tically (Lormie et al., unpubl. data). However, in some
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regions hunters may specialize in killing chimpanzees. For
example, a bushmeat survey reported 58 chimpanzee
carcasses in a commercial hunting camp near Sapo
National Park despite traditional beliefs in this area that
supposedly prohibit the consumption of chimpanzee meat
(Greengrass, 2011).

Since the end of the civil war, in 2003 (Christie et al.,
2007), logging and mining companies have returned to
Liberia to profit from what remains of the country’s rich
natural resources. Extraction of timber and minerals is
expected to generate the majority of the country’s gross
domestic product in the next 15 years (MPEA, 2010).
According to data provided by the Forestry Development
Authority (MPEA, 2010) . 20,000 km2 of forest have
been assigned as forestry concessions and awarded to
international and local investors since the ban on timber
exports was repealed in 2006. Since 2010 logging companies
have used legal loopholes to issue . 60 so-called Private
Use Permits, which are subject to virtually no sustainability
requirements; these alone account for almost half of
Liberia’s remaining primary forest (Global Witness et al.,
2012).

To gain a quantitative measure of the effects of these
threats on Liberia’s wildlife populations and to propose
mitigation measures to conservationists and policy-makers,
accurate and up-to-date information on the distribution and
abundance of wildlife populations and the severity of local
threats is required (Jenkins et al., 2013). However, despite its
biological wealth there is a lack of rigorous and quantitative
biological datasets for Liberia. This situation can largely
be ascribed to the years of civil conflict (1989–1997 and
2002–2003), which prohibited efforts to conduct biological
surveys. Most information on Liberia’s chimpanzee popu-
lation, for example, comes from short-term or multi-species
rapid assessments (Barrie et al., 2007) or unsystematic field
observations (Coe, 1975; Anderson et al., 1983; Verschuren,
1983). This paucity of scientific data led Kormos et al. (2003)
to suggest a country-wide chimpanzee survey as a pre-
requisite for chimpanzee conservation in Liberia.

Such data, for chimpanzees as well as other species, are
essential for the location and delineation of conservation
priority areas (Campbell et al., 2011; N’Goran et al., 2012,
2013). To promote the establishment of a network of pro-
tected forest areas, the Forestry Development Authority
committed to ‘establishing a biologically representative
network of protected areas covering at least 30% of the
existing forest area’ (MFA, 2003). At the time of our study
there were only three protected areas in Liberia, Sapo
National Park, Mount Nimba Nature Reserve and Lake Piso
Community Reserve (Environmental Protection Agency,
2004), representing c. 6% of the country’s total forest cover
(estimated based on Christie et al., 2007; Fig. 1a).

To provide quantitative and up-to date information as a
platform for conservation decision-making (Campbell et al.,

2011; N’Goran et al., 2012) we conducted the first systematic
survey of chimpanzees and large mammals in Liberia during
August 2010–May 2012. We used traditional line-transect
methods (Buckland et al., 2001) to estimate the distribution
and abundance of chimpanzees, the distribution and

FIG. 1 Liberia, showing (a) the locations of cells surveyed,
(b) locations of fresh chimpanzee nests, which were marked and
revisited to estimate nest decay rate, and (c) distribution of all
signs of chimpanzee presence encountered on both transects and
recces over the entire study period. The rectangle on the inset in
(c) indicates the location of Liberia in Africa.
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diversity of large mammal species, and the distribution
and abundance of anthropogenic threats related to hunting,
logging, mining, extraction of non-timber forest products
(NTFPs), and agriculture.

Methods

During January 2011–May 2012 we surveyed line transects
placed systematically across Liberia for chimpanzee nests,
presence of large mammals and signs of anthropogenic
threats. Prior to the survey we marked and revisited
fresh chimpanzee nests in various parts of the country to
estimate nest decay rate. We used Distance v. 6.0 (Thomas
et al., 2009) to estimate chimpanzee abundance, and a
geographical information system (GIS) to plot distribution
of chimpanzees, diversity of large mammals and encounter
rates for hunting sign.

Nest decay study

During August–December 2010 we walked reconnaissance
paths (hereafter recces) to locate fresh chimpanzee nests
(White & Edwards, 2000), making an effort to obtain a
representative sample across the entire country. To increase
our chances of finding fresh nests we used information
obtained from interviews with local people and from the
distribution of SEC in Liberia (Junker et al., 2012). While
walking recces we marked all fresh nests observed; we
revisited each nest only once, to record whether the nest had
decayed (Laing et al., 2003; Kouakou et al., 2009). Our data
covered different time intervals between the time of
detection and the revisit. Nests were considered decayed
when they were no longer visible.

Line-transect survey

We used ArcMap v. 10.0 (ESRI, Redlands, USA) to
systematically locate 68 9 × 9 km sampling cells across
Liberia (Fig. 1a). We used the survey grid developed for the
West African region, available on the A.P.E.S. (Ape Popu-
lations, Environments and Surveys) Portal (Kühl et al.,
2007), as a model. Based on observations made during the
nest decay study we excluded one cell that fell within a 10 km
radius of a town with . 100,000 inhabitants as we were
confident that there were no chimpanzees in this area. We
also excluded cells that extended across international
boundaries, for logistical reasons.

The distance between the centre points of neighbouring
cells was 36 km. Cells were further divided into nine 3 × 3 km
sampling blocks. We placed one line transect in each centre
block and one in a second, randomly chosen block. This
yielded a total of 136 transects.

We followed IUCN best practice guidelines (Kühl et al.,
2008) and Murai et al. (2013) for collecting data. Along
transects we recorded all chimpanzee nests, perpendicular
distances from individual nests to the transect line
(Buckland et al., 2001), nest decay stage and the first direct
or indirect sign of other large mammals. We also recorded
all signs of human presence related to hunting (empty
cartridges, gunshots, poachers’ camps and snares), com-
mercial and artisanal logging and mining, extraction of
NTFPs, and agriculture.

Statistical analysis

We used logistic regression to estimate the probability of
nest decay as a function of time (nest age measured in days).
We fitted three logistic models to our data, as suggested
by Laing et al. (2003). All models were run in R v. 2.15.1
(R Development Core Team, 2012).

We used Distance to estimate chimpanzee population
size, based on a nest production rate of 1.143 (Kouakou et al.,
2009), a proportion of nest-builders of 0.83 (Plumptre &
Cox, 2006) and an estimate of the nest decay rate derived
from our nationwide nest decay study. We calculated den-
sity estimates, with associated analytical coefficients of
variation and 95% confidence intervals (Buckland et al.,
2001).

We also estimated separately the size of the chimpanzee
populations in Sapo National Park and Grebo and Gola
National Forests from data collected during surveys con-
ducted in 2009 (N’Goran, unpubl. data), 2012 (Kouakou,
unpubl. data) and 2010–2012 (Hillers, unpubl. data),
respectively. Survey efforts for these areas were 44, 178.27
and 118.3 km, respectively (Supplementary Fig. S1). We fitted
a global detection function including data from all three
surveys, where we post-stratified according to survey area.

To calculate population estimates for these three sites we
used the nest decay rate of 100.65 days calculated for Sapo
National Park (N’Goran et al., 2010). We used the same nest
decay rate for abundance estimations for Grebo and Gola
National Forests as these areas had similar vegetation and
climate conditions to Sapo National Park.We used the same
nest production rate and proportion of nest-builders as for
the analysis of the nationwide data.

We used the inverse distance weighted method in the
spatial analyst toolbox in ArcMap to interpolate the popu-
lation density of chimpanzees nationwide, based on transect
estimates calculated by Distance. We also interpolated en-
counter rates for large mammal species and hunting sign.
We separated hunting signs into two categories: (1) snare-
hunting (active and inactive snares), and (2) gun-hunting
(poachers’ camps, empty cartridges, and gunshots heard).

We used a Spearman correlation test and the function
rcorr fromHmisc (Harrell & Dupont, 2013) in R to compare
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the spatial distribution of nest abundance and mammal
species diversity.

Further information about our distance analysis is
provided in Supplementary Material 1.

Results

Nest decay

Wemarked and revisited 165 fresh nests (Fig. 1b), at intervals
of 6–310 days. We found 14 nests in old secondary forest, 151
nests in primary forest and none in palm trees, and therefore
we did not estimate nest decay rate for different habitat or
tree types. The log-transformed model overestimated nest
decay time (295 days) by fitting an elongated tail, and
the reciprocal model did not converge. We thus chose the
left-truncated model as it fitted our data best (residual
deviance5 160.23, df5 148, P, 0.001). It yielded an
estimated mean time to decay of 164.38 ± SE 0.32 days;
Supplementary Fig. S2).

Chimpanzee distribution and abundance

We were able to survey 116 of the 136 transects. Two cells
were inaccessible for logistical reasons. We were denied
access to seven cells by local communities (Fig. 1a). For
similar reasons we could not walk the full length of some
transects. The effective survey effort was 326.18 km. The
mean nest encounter rate was 0.342 km−1 (range 0–18) and
involved 113 nests.

Chimpanzees were widely distributed across Liberia
(Fig. 1c). We found the majority of signs of chimpanzee
presence within the two largest forest blocks: (1) in the
south-east, spanning Maryland, Grand Gedeh, Grand Kru,
Rivercess, River Gee and Sinoe counties, and in and near
East Nimba Nature Reserve in northern Nimba county, and
(2) in the north-west, including Gbarpolu and Lofa counties
and the Lake Piso Community Reserve on the coast in
Grand Cape Mount county (Fig. 2a). Our estimate of
the population of Liberian chimpanzees, based on the
nationwide survey and excluding protected areas, was 5,045
individuals (95% CI5 2,974–8,559), which translates to
a country-wide density of 0.047 (95% CI5 0.028–0.08)
chimpanzees per km2. Analysis was based on 108 nest
observations in a total area of 106,970.49 km2 (Table 1;
Supplementary Fig. S3; Supplementary Tables S1 & S2).

Population estimates for Sapo National Park and Grebo
and Gola National Forests were 1,517 (95%CI5 1,033–2,228),
352 (95% CI5 214–578) and 94 (95% CI5 39–225) indivi-
duals, respectively. These calculations were based on a total
of 277 nest observations (Sapo5 175; Grebo5 59; Gola5
43; Supplementary Fig. S4; Supplementary Tables S3 &
S4). We estimated the total population of chimpanzees
in Liberia to be 7,008 (95% CI5 4,260–11,590; Table 1).

Mammal diversity and anthropogenic threats

We observed signs of presence of 27 species of large
mammals along 92 transects. We encountered 0–9 species
along each transect (mean5 2.439; Supplementary
Table S5). Diversity of large mammals was highest in
Grand Gedeh, River Gee, Grand Kru, Nimba and Sinoe
counties in the south-east and in Gbarpolu and Lofa
counties in the north-west (Fig. 2b). There was a positive
correlation between diversity of large mammals and
abundance of chimpanzee nests recorded on line transects
(Spearman correlation: R5 0.42; P, 0.001).

Hunting was the most frequently encountered anthro-
pogenic threat on transects. Encounter rates for signs of
hunting, logging, mining and NTFP extraction were
1.32 ± SD 2.404 km−1 (range 0–14), 0.126 ± SD 0.593 km−1

(range 0–5.667), 0.278 ± SD 0.919 (range 0–5), and
0.035 ± SD 0.155 km−1 (range 0–1), respectively. We encoun-
tered 0–42 signs of hunting per transect (n5 441). Snare-
hunting was most common in the non-forested areas of
central Liberia and Montserrado and northern Lofa
counties and was approximately associated with the spatial
distribution of daily and weekly agricultural markets
(Fig. 2c). The highest encounter rates for signs associated
with gun-hunting were recorded on transects in the forested
areas of Lofa, GrandGedeh and River Gee counties (Fig. 2d).

The majority of the signs of mining and logging that we
encountered were artisanal. We encountered 0–15 signs of
mining per transect (n5 93) and these were most abundant
in the west (Gbarpolu and rural Montserrado counties) and
in the south-east (Sinoe, Grand Gedeh and Grand Kru
counties). We encountered signs of logging (n5 44; range
0–17) and extraction of NTFPs (n5 7; range 0–3) relatively
infrequently. The total length of agricultural clearings
recorded on transects was 30.21 km, which represents 9.4%
of the total length of transects surveyed.

IUCN SSC A.P.E.S. database

All data collected during this study are stored in the IUCN
SSC A.P.E.S. database (Kühl et al., 2007). A.P.E.S. serves to
centralize and standardize all ape survey information, pro-
viding a universal platform from which these data may be
accessed in accordance with a data access and release policy.

Discussion

Based on our survey results we estimate a population of
. 7,000 chimpanzees in Liberia. Chimpanzees were found
across much of the country, with the highest relative
densities in the two forest blocks in the south-east and
north-west, in which we also found the highest diversity of
large mammals. We observed chimpanzee nests predomi-
nantly in primary forest and rarely in human-disturbed
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habitats. This is comparable with results from a similar
nationwide survey in Equatorial Guinea (Murai et al., 2013),
which indicated a strong negative relationship between ape
abundance and agricultural mosaic habitat. In Guinea and
Sierra Leone, however, researchers have frequently found
chimpanzee nests in secondary forest and agricultural

mosaics (WCF, unpubl. data; Brncic et al., 2010). These
country-specific differences may be attributable to environ-
mental factors such as resource abundance and hunting
pressure. They may also be influenced by geography and
habitat structure: chimpanzees in Liberia are exclusively
forest-dwelling, whereas some chimpanzee populations

TABLE 1 Estimates of West African chimpanzee Pan troglodytes verus populations in unprotected, protected and proposed protected areas
in Liberia (Fig. 1), based on comparable systematic surveys conducted during 2009–2012 using line-transect distance sampling.

Area Status
Population estimate
(95% CI)

Survey
area (km2)

Density (per km2)
(95% CI) Source

Nationwide Unprotected 5,045 (2,974–8,559) 106,970.49 0.047 (0.028–0.08) This study
Sapo National Park1 Protected 1,517 (1,033–2,228) 1,248.11 0.864 (0.571–1.308) N’Goran, unpubl. data
Grebo National Forest Proposed-protected 352 (214–578) 3,151.4 0.10 (0.066–0.135) Kouakou, unpubl. data
Gola National Forest2 Proposed-protected 94 (39–225) 849.63 0.110 (0.046–0.264) Hillers, unpubl. data
Total 7,008 (4,260–11,590) 112,219.63 0.058 (0.034–0.097) This study

1Population estimate excludes the non-surveyed mining areas within the park
2Population estimate excludes the non-surveyed north-west of the proposed protected area

FIG. 2 Liberia showing (a) chimpanzee population densities, (b) species richness of large mammals, interpolated from transects,
(c) snare-hunting (active and inactive snares), and (d) gun-hunting sign, (poachers’ camps, gunshots, empty cartridges) encounter
rates, interpolated from transects. GIS data on market locations were provided by USAID GEMS, major road shapefiles were provided
by USAID (extracted from Digital Chart of the World and re-aligned with Landsat) and country and county capitals were extracted
from Digital Chart of the World.
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in Sierra Leone and most populations in Guinea live in dry
forests and in savannah–woodlandmosaics andmay thus be
more adaptable with regard to their habitat requirements.

Liberia harbours the second largest and probably one
of the most viable chimpanzee populations in West Africa
(Table 2), making it a regional conservation priority.
However, chimpanzees and other mammals are increasingly
threatened by widespread hunting, as well as the habitat
destruction that will inevitably result from proposed plans
for large-scale timber and mineral extraction (MPEA, 2010).
Our results form the basis for systematic conservation
planning andmay aid in implementing effective site-specific
conservation actions to maintain current levels of diversity
of large mammals and ensure the long-term persistence of
Liberia’s chimpanzee population.

More than 70% of chimpanzees and some of the most
species-diverse large mammal communities in Liberia
occur outside fully protected areas (Fig. 2a,b), which include
only c. 6% of the country’s forests. In 2003 the Liberian
government agreed to increase the extent of the protected
area network to include at least 30% of the forests (MFA,
2003). Our study provides crucial information for site
prioritization and selection in this ongoing process. Rapid
implementation of full protection status of selected areas
is necessary as there already appear to be multiple overlaps
between proposed protected areas and future mining and
forestry projects (Supplementary Fig. S5; MPEA, 2010).

The majority of mineral and timber extraction activities
encountered were artisanal. However, since the end of the
civil war in 2003, and following the complete war-time col-
lapse of the country’s economy, international logging and
mining companies have shown renewed interest in Liberia’s
rich timber and mineral resources. The country’s economy
is largely resource-driven and thus, in an attempt to fuel
economic growth, extensive tracts of natural habitat have
already been assigned to forestry and mining concessions
(MPEA, 2010).

It is therefore necessary to assign full protection status to
areas of high conservation priority to meet the Forestry
Development Authority’s protected area network goal. Our
dataset may aid the authorities in selecting locations for
additional protected areas. Our data are also being used to
evaluate the conservation importance of proposed and
existing protected areas. A systematic planning study to set
conservation priorities in Liberia is underway (Junker et al.,
unpubl. data).

Experience from other regions has shown the im-
portance of stepping up efforts to control hunting in and
around existing and future conservation areas (Campbell
et al., 2011; Tranquilli et al., 2011; N’Goran et al., 2012, 2013).
Our survey results showed that snare hunting was more
common in non-forested areas in which smaller mammals
were more abundant, whereas signs of gun-hunting
were more common in forest blocks, where we recorded
larger-bodied mammals and primates more frequently.
These generally have lower intrinsic rates of population
growth and are thus more susceptible to overharvesting
(Weinbaum, et al., 2012). This may explain why chimpan-
zees are no longer present in non-forested areas with high
human population density.

Purchase and import taxes on ammunition and rifles,
and the introduction of certified arms permits, as suggested
by Verschuren (1983), may help to control gun-hunting.
More importantly, inspecting markets in major towns,
roadside sale posts and vehicles should help to reduce the
commercial trade of illegally hunted bushmeat species
(Verschuren, 1983). This should be relatively easy to
apply because administrative and Forestry Development
Authority control posts already exist along all of the major
transport routes.

The combination of large-scale resource exploitation
and unsustainable hunting may jeopardize the continued
existence of Liberia’s chimpanzees and other wildlife
(Supplementary Fig. S5). We propose conservation

TABLE 2 Population estimates for wild-living chimpanzees in West African countries.

Country Population estimate (95% CI) Source

Guinea* . 17,751 (8,127–40,575) WCF, 2012 unpubl. data
Liberia 7,008 (4,260–11,590) This study
Sierra Leone 5,580 (3,052–10,446) Brncic et al., 2010
Côte d’Ivoire . 2,300 Herbinger & Lia, 2001; WCF, 2007; N’Goran, 2008; N’Goran et al., 2009;

WCF, 2009; Normand et al., 2010; Funwi-Gabga et al., 2013
Guinea–Bissau 600–1,000 Gippoliti & Dell’Omo, 1996; Kormos et al., 2003
Ghana 264 (18–843) Danquah et al., 2012
Senegal Present Pruetz et al., 2002; Funwi-Gabga et al., 2013
Mali Present Duvall, 2008; Funwi-Gabga et al., 2013
The Gambia Extirpated Kormos et al., 2003
Benin Extirpated Lee et al., 1988; Kormos et al., 2003
Burkina Faso Extirpated Lee et al., 1988; Kormos et al., 2003
Togo Extirpated Lee et al., 1988; Kormos et al., 2003

*This survey included only the Fouta Djallon region. We therefore assume that the population for the entire country was . 17,751.
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strategies with the primary aim of protecting chimpanzees
and their habitat but these measures may also safeguard
mammal species diversity. We found a positive correlation
between chimpanzee abundance andmammal species diver-
sity, indicating that chimpanzees may serve as indicators
for high levels of biological diversity (as defined by
Lindenmayer et al., 2000). Previous studies in Taï
National Park, Côte d’Ivoire have shown that improved
protection for chimpanzees and other mammals can be
achieved through regular and site-specific law enforcement
patrols and permanent research presence (Campbell et al.,
2011; N’Goran et al., 2012). Regular wildlife surveys will
provide information on population trends and allow
authorities to evaluate the effectiveness of their conservation
strategies (Tranquilli et al., 2011).

In Liberia one of West Africa’s last viable chimpanzee
populations is threatened by widespread hunting for
bushmeat and potential habitat destruction for large-scale
resource extraction in the logging and mining sectors. We
provide an accurate and comprehensive data-based plat-
form for local wildlife protection authorities, policy-makers
and international conservation agencies, which they can use
to inform effective conservation strategies to protect what is
left of Liberia’s rich wildlife heritage. More specifically our
results will provide the basis for systematic conservation
planning and present a reliable reference for future trend
analyses and assessments of conservation effectiveness.
With its interactive maps and various functionalities, the
IUCN SSCA.P.E.S. database represents an important tool in
this process, allowing all stakeholders to access and evaluate
information. Furthermore, our data are also being used by
conservation organizations to prepare environmental im-
pact assessments of several proposed extraction projects and
large-scale agricultural plantations, to facilitate the Liberian
government to make evidence-based management decisions
that balance both economic and conservation priorities.
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