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Abstract: Surveying and monitoring primate populations is key for conservation decision-making.  The western chimpanzee (Pan 
troglodytes verus) has recently been up-listed to “Critically Endangered” on the IUCN Red List.  Population status and trends of 
the remaining populations of chimpanzees almost always rely on counts of sleeping nests along line transects.  In tropical forests, 
permanent line transects can facilitate survey work but may also be avoided by animals, complicating data analysis and possibly 
resulting in erroneous estimates.  We conducted surveys in Liberia’s Sapo National Park and its buffer zone along clear-cut (‘per-
manent’) and uncut (‘temporary’) line transects to estimate chimpanzee abundance and compare chimpanzee densities inside and 
outside the park.  We recorded all indirect signs of chimpanzee presence and human activities on 16 permanent transects in Sapo 
and six temporary transects in the surrounding buffer zone.  Our analysis revealed a population density of 0.83 individuals/km² 
across the park and its buffer zone.  Compared to previous estimates, this suggests a relatively stable population over the past 
eight years of roughly 1,000 chimpanzees.  It appears that poaching and habitat encroachment, which has persisted in the area 
since the first chimpanzee survey in 2009, did not have a significant negative affect on population growth over time.  Possible 
reasons for this include local taboos against killing chimpanzees, poachers not targeting chimpanzees directly, and the chimpan-
zees’ behavioral flexibility.  Nest encounter rate inside the park was considerably lower than in the buffer zone and significantly 
fewer nests were found on or near permanent transect lines (19%) than temporary transects (44%), indicating an avoidance effect 
of chimpanzees towards the former.  The study also shows that permanent transects were frequently used by illegal miners and 
poachers, providing direct evidence of the impact that humans have on chimpanzee habitat use and the potential negative impli-
cations of cutting permanent transect lines on wildlife in the park.  We call for an increase in conservation and law enforcement 
efforts to protect depletion of wildlife resources from the park. We also stress the need for legal enforcement of the park’s buffer 
zone, in order to effectively protect wildlife against poaching, habitat destruction and disease, to ensure the continued survival of 
chimpanzees in Liberia’s oldest national park.
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Portal 2017), representing about 25,000 of the remaining 
35,000 chimpanzees.  This study demonstrated the impor-
tance of analyzing large datasets of wildlife populations over 
cross sections of protected areas to acquire a detailed scien-
tific understanding of trends across local, regional and global 
scales, providing the wherewithal as such to identify the key 
conservation measures needed to prevent species’ declines 
and extinctions.

Introduction

In 2016, it was reported that western chimpanzees had 
declined by more than 80%, from about 175,000 in 1990 
to 35,000 chimpanzees in 2014, and the species was conse-
quently up-listed to “Critically Endangered” on the IUCN 
Red List of Threatened Species (Humle et al. 2016; Kühl 
et al. (2017).  Kühl et al. (2017) analyzed survey datasets 
from 20 sites across the entire West African region (A.P.E.S. 
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Sapo National Park is a site of global conservation con-
cern, comprising one of three remaining major blocks of the 
Upper Guinean Rainforest.  It is one of the most intact eco-
systems in Liberia (Kouakou et al. 2009).  Until 2016, Sapo 
was Liberia’s only national park.  Since then, however, the 
government has created two more national parks, namely 
Gola Forest National Park and the Grebo-Krahn National 
Park (MFA 2016, 2017).  Located in southeastern Liberia, 
Sapo National Park provides refuge to an important chimpan-
zee population numbering >1000 individuals (N’Goran et al. 
2010) and is one of the last remaining forest blocks in the 
Guinean Forests of West Africa Hotspot (Mittermeier et al. 
1998), a critically fragmented and highly threatened region of 
outstanding biological diversity (Mittermeier et al. 2004).  It 
is situated between two of Liberia’s most important conser-
vation priority areas identified by Junker et al. (2015a) that 
includes Gbi Forest and Cestos-Senkwehn Proposed Pro-
tected Areas to the west, and Grebo-Krahn National Park to 
the east.  In total, these three areas host about 2,500 chimpan-
zees, or about 35% of the country’s chimpanzee population 
(Tweh et al. 2014).  A 3-km buffer zone around Sapo National 
Park was proposed based on the Liberia National Forestry 
Reform Law (FDA 2006) that stipulates that a buffer zone be 

established around protected areas.  This is intended to buffer 
wildlife populations inside the park against poaching, habitat 
destruction and disease (Freeman 2014).  However, the buffer 
zone of Sapo has yet to be officially delineated and demar-
cated on the ground.

In 2012, Fauna & Flora International (FFI) established 
a long-term biomonitoring program in Sapo National Park 
to estimate population trends for chimpanzees, pygmy hip-
popotamuses (Choeropsis liberiensis), and elephants (Lox-
odonta africana cyclotis), as well as duikers, birds, reptiles 
and amphibians (Freeman 2014).  As part of this program, 
90 permanent line-transect trails were cut (hereafter ‘perma-
nent transects’) that are surveyed once or twice each year by 
trained biomonitoring staff of Liberia’s Forestry Develop-
ment Authority (FDA) and community auxiliaries to obtain 
direct and indirect information on the presence or absence 
of the target species.  Transects were first cut in 2011 and 
have been cleaned once a year since 2014.  Results from the 
2014 survey (FFI unpubl. data) suggested a probable decrease 
in nest encounter rate when compared to data collected on 
temporary uncut transects (hereafter ‘temporary transects’) 
during a survey in 2009, published by the Wild Chimpanzee 
Foundation (WCF) in collaboration with the FDA in 2010 FIGURES 677	  

                                                                          678	  

Figure 1. Map of Sapo National Park in southeastern Liberia, showing Fauna & Flora International’s 90 systematically placed, permanent 679	  
transects (black) in the three zones of Sapo National Park, 16 of which were randomly selected and surveyed in zones 1 (N = 8) and 2 (N = 8) for 680	  
this study (blue). The buffer zone contained six strategically-placed temporary transects, of which six were randomly selected and surveyed for 681	  
this study (blue).  682	  
  683	  
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Figure 2. The distribution and density of hunting signs and the number of chimpanzee nests encountered in Sapo National Park and its buffer 690	  
zone. 691	  

 692	  

Figure 3. The distribution of chimpanzee nests detected on/near permanent transects in Sapo National Park and temporary transects in the buffer 693	  
zone. 694	  
  695	  
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(N’Goran et al. 2010).  Nest encounter rate was the number 
of nests observed per distance walked (Kouakou et al. 2009; 
Walsh et al. 2003).

Line transect surveys are frequently used to estimate the 
population abundance of chimpanzees and other primates in 
diverse terrestrial habitats (Campbell et al. 2016; Kühl et al 
2008).  Line transect survey techniques require adherence to 
a set of assumptions and a number of considerations derived 
from distance sampling methodologies (Buckland et al. 1993, 
2001).  For example, 1) objects, namely animals or signs of 
their presence (for example, dung or sleeping nests) directly 
on the line transect are always detected with certainty; 2) 
objects are detected at their initial location prior to any move-
ment in response to the observer; and 3) distances are mea-
sured accurately.  Major challenges while walking line tran-
sects to count the sleeping nests of chimpanzees in rainforest 
habitat include observer fatigue, detecting nests that are right 
above the observers at zero perpendicular distance, poor vis-
ibility due to dense vegetation or bad weather conditions, and 
travelling through dense vegetation (Buckland et al. 2001).  
Importantly, the last factor may motivate surveyors to cut the 
vegetation on transects, clearing the areas of dense vegetation, 
to facilitate access to observers.  The risk of this, however, is 
that animals stay away from areas close to permanent tran-
sects in an attempt to avoid humans and the disturbance they 
cause (this has been observed in other species, for example, 
Griffiths and van Schaik 1993) resulting in an underestima-
tion of population size.  In contrast, when the vegetation is 
extremely thick, the observer’s only clear line of view will 
be along cut transects and he or she will therefore tend to 
detect animals only as they cross the cut transect, resulting 
in overestimations of population size (Buckland et al. 2001).  
Likewise, where animals use permanent transects as path-
ways (see, for example, Tagg and Willie 2013), many direct 
sightings or signs of presence will likely be recorded along 
them.  There may also be increased potential for repeated 
animal counts, especially for highly mobile species, which 
will lead to biases and possibly overestimations of population 
sizes (Glennie et al. 2015).  Lastly, tracks and dung can be 
expected to be more visible and thus more easily detected in 
cleared than in densely vegetated areas. 

In addition to the above-mentioned analytical concerns, 
permanent transects may be used by illegal miners or poach-
ers as pathways to facilitate access to protected areas.  Their 
actions may negatively impact wildlife populations through 
increased forest encroachment and hunting for bushmeat.  
This has been shown for roads and other linear clearings in 
tropical forests to have had a detrimental effect on wildlife 
populations (Laurance et al. 2009).  It is therefore encour-
aged that every effort should be taken to minimize the effects 
of cutting transects.  Not using permanent transects during 
field surveys effectively minimizes human impact and also 
prevents intruders from using transects to access protected 
natural resources illegally (for example, Griffiths and van 
Schaik 1993).  However, open permanent transects may allow 
observers to increase sampling effort in tropical dense forest 

as it facilitates their travelling and decreases the frequency 
of habitat disturbance (Varman and Sukumar 1995).  Surveil-
lance (ranger patrols), tourists and research activities may 
efficiently benefit from those transects by allowing for the 
coverage of larger areas. 

Given the apparent population declines of West Afri-
can chimpanzees across most of their range over the past 25 
years and the importance of reliable population trend data for 
informing effective conservation policy strategies, we used a 
combination of permanent and temporary line transect meth-
ods to estimate 1) chimpanzee abundance and temporal trends 
in abundance in Sapo National Park and its buffer zone, and 
2) compare chimpanzee density between the core park and 
the area around the park, in the buffer zone.  We hypothesized 
that: 1) nest detection probability at farther distances from 
permanent transect in Sapo would be significantly higher than 
from the temporary transects located in the buffer zone; 2) 
human presence has not affected  the distribution of chimpan-
zees in the park and buffer zone; 3) vegetation types did not 
vary significantly along transect plots in the park and buffer 
zone.  The last assumption was based on homogeneity in veg-
etation classified from Landsat TM imagery captured in 2012.  
The findings of this study were expected to play a critical role 
in ensuring the protection and conservation of the Western 
chimpanzee and its habitats in the Sapo National Park.

Methods

Study site
The park is in southeastern Liberia between 5°–6°N and 

8°–9°W (Fig. 1).  At the time of its creation in 1983, it encom-
passed roughly 1300 km² (Vogt 2012).  In 2003, however, 
the northwestern part was extended, increasing the park’s 
size to more than 1800 km², surrounded by an undefined 
buffer zone (Freeman 2014).  Sapo National Park is divided 
into three management zones (hereafter ‘zones’). Zone 1 is 
the southwestern section of the park (the headquarters are 
located there), Zone 2, the northern part, is adjacent to the 
town of Putu, and Zone 3, the southeastern section, extends 
to Dodoweken and other towns neighboring the park. Sapo 
National Park is Liberia’s first protected area and an impor-
tant center for biodiversity (Kouakou et al. 2009).  Due to 
its abundant mineral resources, Sapo has faced a number of 
threats of illicit mining.  In March 2005, the United Nations 
Mission in Liberia (UNMIL) reported that an estimated 5,000 
illegal miners were living there (Freeman 2014).  By 2010, 
this number had increased to 18,000; however, the majority 
of the miners were evicted by the government of Liberia by 
October of that same year (Freeman 2014).  Recent socioeco-
nomic studies (FFI unpubl. data) indicate that approximately 
38,000 people currently live along the borders of the park.

Vegetation classification
Vegetation classification was based on a land-cover map 

derived from Landsat TM imagery captured in 2012, courtesy 
of the FFI database for Sapo National Park.  An extensive 
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field inventory was undertaken in 2012 using GPS and com-
passes to locate systematic points for the establishment of 
permanent line transects.  These points were used to evaluate 
the consistency of land-cover types from the Landsat imagery, 
using Arc GIS computer program, by interpolating GPS data 
of physical vegetation observation and Landsat imagery of 
the park.

Data collection
The survey was conducted in the park and its buffer zone 

over a period of four months, from November 2016 to March 
2017. We randomly selected 16 out of 90 systematically placed 
permanent line transects for our survey (Fig. 1).  Permanent 
transects were clear-cut in 2011 by the FFI to survey 50 pre-
identified indicator species and to quantify human threats 
(Vogt 2011).  Each transect was 2 km long and traversed the 
three management zones.  We were unable to survey Zone 3 
because of a large influx of armed illegal miners that lead to 
the FDA’s decision to suspend all research and biomonitor-
ing in that area.  The distance between these transects was 
approximately 3 km. We used Quantum GIS v. 2.1.4 (QGIS 
Development Team 2016) with the Geographic Resources 
Analysis Support System (GRASS) v. 7.0.4 (GRASS Devel-
opment Team 2017) to strategically place another six tempo-
rary (uncut) line transects of equal length in the buffer zone 
surrounding zones 1 and 2 (Fig. 1).  We excluded the buffer 
zone surrounding Zone 3 from our survey area because of the 
security reasons outlined above.  Patrols of the FDA investi-
gation teams were active in the buffer zone at the time of our 
survey and would likely have influenced our survey results, 
so we deferred from using a systematic random survey design 
there, and surveyed strategically placed temporary transects 
instead.  Because of this, the temporary transects in the buffer 
zone had to be located close to permanent transects.  All field 
data were collected in accordance with the survey procedures 
established by the IUCN Best Practice Guidelines for Surveys 
and Monitoring of Great Ape Populations (Kühl et al. 2008).  
Whenever a chimpanzee nest was spotted, we accurately mea-
sured the perpendicular distance from the transect line to each 
nest and recorded its geographic location using a hand-held 
GPS device.  We also recorded the presence and geographic 
location of all anthropogenic activities observed on and from 
the transect line. 

Mapping of vegetation types
Vegetation was sampled every 500 m of each 2 km tran-

sect.  A quadrat of 20×20 m was placed on either side of the 
transect (Manu and Cresswell 2007) using a 50-m measuring 
tape and rope to establish a quadrat.  Every quadrat at 500 
m was considered a transect plot.  The vegetation structure 
in the transect plots were classified in one of four categories: 
sapling cover (smaller trees that are equal to or less than 10 
m tall), lower cover (trees greater than 10 m tall and up to 
20 m), mid-cover (trees more than 20 m and up to 30 m) and 
high canopy (all trees above 30 m) (Jones et al. 1995).  The 
percent canopy cover of every classified variable in a plot was 

estimated due to limited time and resources and the lack of an 
experienced botanist in the survey team. 

Data analysis
We used the Distance v.6.2 software (Thomas et al. 2010) 

to estimate chimpanzee abundance and QGIS to plot the dis-
tribution of chimpanzee nests and model inverse-distance 
weighted density of human signs across the study area.  We 
estimated chimpanzee population size based on a nest pro-
duction rate of 1.143, which is based on observations of 
habituated chimpanzees in Taï National Park (Kouakou et al. 
2009), because there were no habituated chimpanzees in Sapo.  
For the proportion of nest builders, we used Plumptre and 
Cox’s (2006) estimate of 83%. We used a nest decay rate of 
100.69 days, which was based on the results of a nest decay 
study conducted in Sapo National Park in 2009 (N’Goran et 
al. 2010).  Finally, we calculated chimpanzee abundance for 
the park, excluding Zone 3, which we did not survey for the 
reasons outlined above, but including the buffer zone.  Our 
survey therefore covered an area of 1275.65 km².  We also 
estimated chimpanzee density (/km²), 95% confidence inter-
vals (CI) and the coefficient of variation (CV) for each esti-
mate.  We did not left-truncate our data and did not set pre-
defined distance group intervals (S. T. Buckland pers. comm. 
2017).  Because chimpanzees avoided permanent transects, 
the detection probability plot did not show the desired “shoul-
der” (Fig. S1), which is typically expected for distance data 
sets (Buckland et al. 2001).  We opted to ignore the poor fit 
of the probability function, as nests from within 6 m of the 
line appeared to have built up at just over 6 m, resulting in a 
higher density beyond 6 m than at an average locality.  In this 
case, bias is expected to be lower when ignoring the poor fit 
than through left-truncation of the data, where Distance ‘aver-
ages out’ the low density within 0−6 m with a high density 
at, for example, 6−12 m (S. T. Buckland pers. comm. 2017).  
We fitted a half-normal model with simple polynomial adjust-
ment to our frequency distribution of perpendicular distances 
as this model was identified as the model with the best fit from 
a set of alternative models, using Akaike’s Information Crite-
rion (AIC) (Akaike 1973; Sakamoto et al. 1986).  To confirm 
the presence of an avoidance effect of permanent transects 
by chimpanzees, we compared the frequency distributions 
of perpendicular distances measured to nests encountered on 
permanent transects in the park with temporary transects in 
the buffer zone using a two sample t-test, assuming unequal 
variances (Sokal and Rohlf 2012). 

We also conducted a Spearman’s Rank Order Correlation 
Test in R v. 3.2.2. (R Core Team 2015) to test for the influence 
of human activities on chimpanzee distribution and abun-
dance in the combined area of the park and the buffer zone.  
To do this, we grouped all anthropogenic activities related to 
farming (plantations, cleared forest patches), mining (mining 
camps), hunting (gunshots, empty cartridges, snares, hunt-
ing camps, poacher trails, human direct observation), log-
ging (logging camps, logging road) and other human activi-
ties (human path/rangers patrol path, human tracks, human 
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vocalizations, human waste, and extraction of non-timber 
forest products (NTFP)), and summed them for each transect. 

A one-way ANOVA test was used to determine whether 
vegetation used by chimpanzees differed in percent canopy 
cover at every stratum with transect plots in the park and 
buffer zone, while the Chi-squared test was used to determine 
the distribution of chimpanzee nests stages across the survey 
area.  Estimated percent data from transect plots were arc-
sine transformed.  We used the Tukey’s Honest Significant 
Difference (HSD) (a post hoc test) to examine the level of 
significance in differences between transect plot variables in 
the park and buffer zone.

Results 

 Survey effort and chimpanzee abundance estimate
The estimate was based on the total survey effort L = 

38.38 km, the average transect length l = 1744.5 m, the 
effective strip width ESW = 15.665 m, and the study area 
A = 1275.65 km².  We surveyed 16 km in each zone inside 
the park and 6.38 km in the buffer zone surrounding zones 1 
and 2.  The majority of nests were seen in Zone 1 (N = 41), 
followed by Zone 2 (N = 29) and then the buffer zone (N = 
25) (Fig. 2), resulting in a nest encounter rate (no. of nests 
encountered/km surveyed) for the three areas of 2.56 (Zone 
1), 1.88 (Zone 2), and 5.80 (buffer zone).  For a summary of 
the model results, see Table S1.

Based on 95 nest observations in zones 1 and 2 of the 
park and its buffer zone, we estimated the chimpanzee popu-
lation at 1,055 individuals (95% CI = 595–1,870, CV = 0.29) 
with a density of 0.83 chimpanzees/km² (95% CI = 0.47–1.47, 
Table 1).  This represents approximately 15% (9−27%) of the 
total chimpanzee population in Liberia as estimated by Tweh 
et al. (2014).

Avoidance effect
Chimpanzees appeared to avoid building their sleeping 

nests within 0−6 m of permanent transect lines inside the park, 
resulting in only 19% (n = 13) of nest detections from 0−6 m 
in these areas. Eighty-one percent of the chimpanzee nests 
were spotted more than 6 m away from permanent transects, 

as compared to only 44% on temporary transects.  The two-
sample t-test comparing perpendicular distances measured to 
nests in the park and the buffer zone clearly showed that nests 
in the Sapo National Park were detected at greater distances 
from the transect than those in the buffer zone (t(2)  = 4.06, p 
<0.001, df = 69).

Distribution of signs of chimpanzee presence
The survey area differed only slightly among the three 

areas surveyed (Zone 1, Zone 2 and the buffer zone) (χ² 0.05, 
6 = 22.23, p<0.05).  The distribution of chimpanzee nests, 
however, differed significantly across the park and the buffer 
zone, with the majority of chimpanzee nests being found in 
Zone 1 of the park (see Fig. 3).  One hundred and fourteen 
signs of chimpanzee presence were encountered in total, of 
which 38% (N = 43) were observed in Zone 1, and 39% (N = 
44) and 24% (N = 27) in Zone 2 and the buffer zone, respec-
tively (Table S2).

Distribution of signs of human presence
To control for survey effort, permanent transects in Sapo 

National Park were surveyed before the temporary transects 
in the buffer zone.  Every transect was surveyed each day 
between 08:00 and 16:00.  Routes we took in the buffer zone 
to reach the transects in the park were used just once, and 
the GPS tracking system was used to control for distance 
between transects.  We found 83 signs of human presence on 
all transects combined, of which 30% were recorded in Zone 
1 (N = 25), 46% (N = 38) in Zone 2, and 24% (N = 20) in the 
buffer zone.  We found no signs of mining on either the per-
manent or temporary transects.  We did, however, find signs 
of mining in the buffer zone while walking between transect 
lines.  Signs of hunting (N = 63) were  the most frequently 
encountered signs of human presence, accounting for 75.9% 
of all the signs of human presence detected and ranging from 
1–3 observations per transect (Fig. 3).  Hunting sign encounter 
rates for the park and the buffer zone were 1.7/km and 1.6/km, 
respectively.  The most frequently encountered hunting signs 
during this survey were poacher trails (N = 33), followed by 
empty cartridges (N = 20) and snares (N = 2).  While empty 
cartridges were only observed on/from permanent transects, 

Table 1. Population estimate for chimpanzees in Sapo National Park in 2009 and in 2017. 

Year Study area (km2) 
Chimpanzee 
abundance 

(CI) 

Chimpanzee density 
(CI) 

Chimpanzee 
nest encounter 

rate 
(signs/ km 
surveyed) 

Human sign 
encounter rate 

(signs/ km 
surveyed) 

Source 

2009 1,248.11 km² 
(SNP excluding mining areas) 

1,079 
(713−1,633) 

0.86 
(0.571−1.308) 4.05 1.27 N’Goran et al. (2010) 

2017 
1,275.65 km² 
(SNP excluding Zone 3, but 
including the buffer zone) 

1,055 
(595−1,870) 

0.83 
(0.47−1.47) 2.48 2.16 This study 

SNP = Sapo National Park 
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snares were seen only along the temporary transects in the 
buffer zone.  Poacher trails were recorded on both, perma-
nent (N = 23) and temporary transects (N = 10).  All poacher 
trails were probably in use, as the markings on trees along 
these trails, typically made by the poachers to mark their way, 
were still fresh.  Of the empty cartridges found, 70% (N = 14) 
were new (0−3 months), and 20% (N = 4) were recent (3−6 
months).  Signs of farming (N = 2), logging (N = 3), NTFP 
(N = 3), and OHA (N = 12) accounted for only 2.4%, 3.6%, 
3.6%, and 14.5% of all human signs, respectively.  Encounter 
rates for farming, logging, NTFP and OHA signs were 0.06/
km, 0.08/km, 0.08/km and 0.31/km, respectively.  Evidence 
of logging and farming was recorded only in the buffer zone, 
and not inside the park.  Signs of NTFP were observed only 
in the park, whereas signs of OHA’s were recorded in both the 
park (N = 9) and its buffer zone (N = 3).  For a summary of 
these figures, please refer to Table S2.

The results of the Spearman test showed that there was 
no significant correlation between the number of chimpan-
zee signs and human signs detected on transects (Spearman’s 
Correlation: ρ = -0.087, p >0.05, Fig. S2), the number of 
chimpanzee nests and hunting signs detected on transects (ρ = 

-0.246, p >0.05), or the number of chimpanzee signs and hunt-
ing signs detected on transects (ρ = -0.310, p >0.05).

Vegetation in the transect plots
The vegetation survey in transect plots revealed three 

vegetation types—primary forest, mature secondary forest, 
and young secondary forest.  A one-way ANOVA was used 
to examine differences in the various vegetation variables (% 
canopy cover, % middle canopy cover, % lower canopy cover, 
% of sapling) in transect plots in Sapo National Park and its 
buffer zone.  Our results showed there were significant differ-
ences for the estimated vegetation variables,  % canopy cover 
(F 0.05, 2, 73 = 4.57, p <0.05( 0.013)) and % middle canopy 
cover (F 0.05, 2, 73 =  11.82, p <0.05 (0.000) in Sapo National 
Park and the buffer zone; there was no significant differences 
for the percentage of vegetation variable for  lower canopy 
cover (F 0.05, 2, 73 =  1.022, p >0.05(0.28 )) and % of sapling 
cover (F 0.05, 2, 73 =  1.455, p >0.05 (0.21) in Sapo National 
Park and the buffer zone.

The Tukey HSD post hoc test was used to examine sig-
nificant differences in vegetation variables between the park 
and the buffer zone.  There were no significant differences 
for high canopy cover and middle canopy cover (Tukey post 
hoc p >0.05): the value for the high canopy cover in the park 
was 74.8% and for the buffer zone 66%.  The park and buffer 
zone differed, however, in the percent lower canopy cover 
and sapling cover.  The lower canopy was 66.5% in the park 
and 41% in the buffer zone.  The sapling cover was very dif-
ferent—70.7% for the park and 100% for the buffer zone.

Discussion

Sapo National Park is a regional biodiversity hotspot 
and the second-largest area of protected primary tropical 

rainforest in West Africa after Taï National Park in neighbor-
ing Côte d’Ivoire (Junker et al. 2015a).  Our study provides 
the first estimate of the chimpanzee population in the park and 
its buffer zone, data which can provide baseline for popula-
tion monitoring that is important for informing effective con-
servation management decisions to ensure the long-term sur-
vival of chimpanzees in this region.  Our analysis estimated a 
population of 1,055 chimpanzees in the park (excluding Zone 
3) and buffer zone—a density of 0.83 individuals/km². This 
is similar to the population estimate published by N’Goran et 
al. in 2010 of 1,079 chimpanzees (excluding mining areas), 
equating to a density of 0.86 chimpanzees per km2.

Our survey results therefore suggest that the population 
has remained relatively stable over the past eight years.  This 
is remarkable given that the majority of western chimpan-
zee populations are declining (for example, Côte d’Ivoire 
(Campbell et al. 2008), Senegal (Galat et al. 2000), and Nige-
ria (Greengrass 2009)).  However, human threats, especially 
poaching for bushmeat (Greengrass 2015), but also habi-
tat encroachment and disturbance caused by illegal mining 
(Kayjay 2010), and possibly disease transmission (Ordaz-
Németh et al. 2017) continue to exist around the park.  Our 
encounter rate of evidence of human activity was double that 
from the surveys in 2009 (Table 1).

The apparent stability of the chimpanzee population in 
Sapo National Park over the past eight years, despite the 
persisting threats, may be explained by chimpanzees not 
being directly targeted by hunters, as has been observed 
elsewhere in Liberia (Junker et al. 2015) and other countries 
(for example, Equatorial Guinea (Brncic et al. 2010), Sierra 
Leone (Regnaut and Boesch 2012), Guinea (McCarthy et al. 
2015), and Uganda (Watkins 2006)), and by their behavioral 
flexibility, enabling them to survive in human-modified land-
scapes (McLennan 2008; Brncic et al. 2010; Hockings et al. 
2015).  Many Liberian villages practice taboos against kill-
ing and eating chimpanzees (J. Junker unpubl. data), includ-
ing those situated near the southwestern border (Zone 1) of 
the park (Greengrass 2011).  However, it is likely that other 
large mammal populations inside the park, especially those 
of frequently consumed bushmeat species, experienced 
significant decreases in population size over the same time 
period.  Multi-faceted surveys that could easily be combined 
with chimpanzee surveys in the future (for example, Tweh 
et al. 2014) would be able to provide more information to 
clarify this.  Another reason for the park’s chimpanzee popu-
lation remaining stable over the past years could be partially 
related to the Ebola outbreak in West Africa in 2014/2015.  
It may have discouraged hunters from killing chimpanzees 
(and other species), it is possible that significantly less bush-
meat was purchased and consumed during this time in Liberia 
(Ordaz-Németh et al. 2017).

In contrast to our results, a recent study by Kühl et al. 
(2017) indicated that the chimpanzee population in Sapo 
National Park underwent a significant decline from 2009–
2014.  A number of factors may explain this discrepancy. 
Temporal variation in nest decay due to variation in climatic 
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conditions, which was not considered in this study, may have 
biased our estimate of chimpanzee population size (Laing et 
al. 2003).  We used a nest decay rate that was estimated during 
a short-term nest decay study in Sapo in the rainy season from 
June−October 2009 (N’Goran et al. 2009).  Our survey, how-
ever, was conducted mostly during the dry season (Novem-
ber 2016−March 2017), during which time nests may have 
decayed at a slower rate (Kouakou et al. 2009).  Also, short-
term studies of decay time for orangutan nests have shown 
to be prone to considerable variation (Laing et al. 2003).  
Although studies on the variation in chimpanzee and orang-
utan nest decay have shown that factors other than climate, 
namely tree type, tree size and nest height may considerably 
influence nest duration (Kouakou et al. 2009, Laing et al. 
2003), we think that this did not affect our estimate because 
the area for which nest decay time was estimated (N’Goran et 
al. 2009) overlapped considerably with ours.

The sampling strategy of the two surveys used to cal-
culate the population trend estimate for Sapo by Kühl et al. 
(2017), differed substantially from ours in that the 2009 study 
only surveyed temporary transects, whereas the 2014 study 
only surveyed permanent transects.  We surveyed permanent 
transects inside the park in combination with temporary tran-
sects in the buffer zone and found a clear avoidance effect 
of chimpanzees towards permanent transects, where the per-
centage of chimpanzee sleeping nests detected on/near (0−6 
m) permanent transect lines (19%) was more than two times 
lower than that on/near temporary transects (44%).  And so, 
one might argue that our estimate of chimpanzee abundance 
inside the park grossly underestimates true population size 
and is not directly comparable to the estimate of the survey 
in 2009.  However, although our encounter rate of 2.21 nests/
km surveyed is lower than the nest encounter rate recorded 
by N’Goran et al. (2010) (4.05 nests/km surveyed), it is also 
almost 10 times higher than the nest encounter rate recorded 
by the Fauna & Flora International (FFI) teams in 2014 (0.23 
nests/km surveyed, FFI unpubl. data).  There are multiple 
estimates for the area, potentially caused by methodological 
differences.  We believe that the results of this study produced 
an estimate that, despite possibly representing a slight under-
estimate of the true population due to the avoidance effect 
is nevertheless comparable to the 2009 estimate, indicating 
that Sapo’s population has been relatively stable over the past 
eight years, thereby yielding a more accurate population trend 
than the one reported by Kühl et al. (2017).  During the 2014 
survey, only 35 chimpanzee nests were found on 154 km of 
transects distributed across the park. We speculate that the 
following three factors may have contributed to this low nest 
encounter rate.  1. Because of the clear-cutting of permanent 
transects in 2011 (M. Molokwu-Odozi pers. obs. 2017), the 
disturbance that this process created may have deterred chim-
panzees from areas near permanent transect lines, resulting 
in very few nest detections during the survey in 2014.  How-
ever, this disturbance effect may have weakened over time 
so that five years later during our survey in 2016/17, chim-
panzees only avoided the area on or immediately next to the 

permanent transect lines at 0−6 m.  2. FFI surveys were multi-
faceted surveys (teams collected data on >50 wildlife species 
from various taxa) and so teams had less time to focus on 
nests in the trees above them than the teams during the 2009 
survey and this study.  3. Since the evacuation in 2010, the 
number of illegal miners in the park increased rapidly again 
in the years to follow, especially at the peak of the Ebola 
crisis in 2014 when park activities were brought to a halt.  In 
July 2017, during a Sapo National Park stakeholders’ confer-
ence, a deadline of 31 August 2017 was agreed for the ille-
gal miners to vacate the park.  Some miners, therefore, may 
have already started moving out of the park before our survey 
commenced.  If miners frequently used permanent transects 
as passageways, then chimpanzees may have avoided them in 
2014 simply because of the higher ‘human traffic’ on perma-
nent transects than in 2016/2017. 

The estimated percentages of high canopy and middle 
canopy cover were found to be similar in the parks and the 
buffer zone, but this was not so for the lower canopy and sap-
ling cover. The similarity may be explained by the physical 
and chemical soil properties influencing habitat structure, as 
both the park and buffer zone share potential natural factors 
such as streams and fruiting trees. This was also shown in 
the vegetation studies done by Zhang et al. (2017).  The dif-
ferences of percent cover observed in the lower canopy and 
sapling cover may also be attributed to two factors: 1) higher 
competition for space and sunlight in the various forest strata; 
2) the adverse critical factor of cutting the understory trees 
along the permanent transects to keep them clear. 

Although we have found that chimpanzee population 
in Sapo National Park is one of the few in West Africa that 
appears not to have declined over the past decade, our results 
stress the need for increased law-enforcement to more effec-
tively control poaching in the park, which requires, besides, 
the removal of the remaining illegal miners.  Our study 
showed that 80% of the empty cartridges, found only on or 
near the permanent transects in the park but not on temporary 
transects in the buffer zone, were new or recent (Table S2).  
This suggests that poachers still use the permanent transects 
to hunt.  Even though they do not seem to target chimpan-
zees, their presence may disturb the chimpanzees and influ-
ence their ranging patterns. The number of illegal miners in 
the park is uncertain, but ranger patrols have suggested that it 
probably still ranges in the thousands (Forestry Development 
Authority (FDA) unpubl. data).  It is also evident that the cur-
rent sampling strategy for the long-term monitoring program 
for chimpanzees and other species needs to be adapted. Tem-
porary instead of permanent transects, camera traps, genetic 
surveys, or a combination of these will yield more reliable 
abundance and trend estimates.  If temporary transects were 
to be used in the future, these could be permanently marked 
to ensure that they are accurately relocated during consecu-
tive surveys, for example by driving pegs or metal stakes 
with brightly colored flagging tape attached to them into the 
ground at the beginning and the end of each transect line 
(Buckland et al. 2001).  Future surveys should continue to 
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sample the buffer zone and possibly beyond, because it is 
important to identify any disturbance (for example, human 
encroachment) and take necessary measures before it extends 
to the park, and because it is advisable to have a survey design 
that allows for detecting spatial population- or community 
expansion into the buffer zone or farther.  We also stress the 
need to officially demarcate the buffer zone around the park, 
as this area appears to provide important habitat for chimpan-
zees and probably other species, underpinning its role as a 
buffer against poaching, habitat destruction and disease.

Conclusion 

With more than 1,000 chimpanzees, Sapo National Park 
is a stronghold for chimpanzees and one of the few viable 
chimpanzee populations in West Africa.  Chimpanzee num-
bers been relatively stable over the past eight years.  The 
survival of this and other populations in Liberia is, however, 
threatened by bushmeat hunting and the rapidly growing 
mining, forestry and agricultural sectors (Tweh et al. 2014; 
Junker et al. 2015a).  Our study demonstrates the impor-
tance of carefully-planned and robust monitoring programs 
to yield reliable biomonitoring data for guiding conservation 
strategies.  There are numerous implications of using inac-
curate population status and trend estimates for conservation 
decision-making.  For example, funders may discontinue 
financing conservation programs if a population is found to 
be declining despite the conservation measures taken.  Inves-
tors may prioritize populations that are viable in the long term 
over those that are declining.  Furthermore, with economic 
development in Africa being on the rise (Edwards et al. 2014; 
Wich et al. 2014), inaccurate (underestimated) representa-
tion of  population status or trends can play into the hands of 
resource extraction firms that may have an economic interest 
in the area.  As this study has shown, establishing permanent, 
clear-cut transect lines in a protected area may facilitate access 
to illegal miners and poachers, which is counterproductive 
from a conservation point of view.  Continuing to put a better 
mechanism into place to improve the quality of monitoring 
methods is crucial if conservationists are to most effectively 
use limited resources and offer chimpanzees in West Africa 
the best chance of long-term survival.
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 663	  
Table S1. Summary of the model with the best fit in Distance  664	  

Model No. of 
parameters 

Effective Strip 
Width (ESW) 

Probability of nest 
detection (P) AIC No. of 

observations 

Half-normal, simple 
polynomial adjustments  2 15.66 0.78 357.62 95 

 665	  
 666	  
Table S2. Number of chimpanzee signs and hunting activities detected in Sapo National Park (management zones 1 and 2) and in the buffer zone 667	  
surrounding them. 668	  

Area Category transect Survey effort 
(km) 

Number of 
hunting signs 

No. of other 
signs of human 

presence 

No. of 
chimpanzee 

nests 

No. of other signs 
of chimpanzee 

presence 

Zone 1 Permanent transects 16 20 5 41 3 

Zone 2 Permanent transects 16 33 5 29 14 

Buffer zone Temporary transects 6.38 10 10 25 2 

 669	  
 670	  

 671	  

 672	  

 673	  

 674	  

Figure S1. Detection function fitted to the frequency distribution of detected nests. 675	  
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