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Abstract The tropical forests of the Congo Basin constitute biodiversity refuges that still

hold large numbers of species, including endemic and endangered vertebrates. Along with

several key species, the critically endangered western lowland gorilla (WLG) potentially

contributes to forest dynamics through seed dispersal. Considering the extensive influence

of timber harvesting on tropical forest ecosystems, the survival of gorilla populations in

logged forests might prove critical for forest ecosystem conservation. We estimated WLG

density, through a nest count survey, in a forest in southeast Gabon that has been logged for

25 years. Nesting behavior and habitat use were described and we applied generalized
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linear models to identify the factors that influence gorilla day and night habitat use. The

estimated density of weaned gorillas, 1.5 gorillas km-2, is comparable with estimates from

some protected areas and other sustainably managed sites within their range. Habitat type

had the greatest influence on nest site distribution. We observed a preference for nesting in

open terra firma forest, and open habitats in general, which supports the findings of

previous studies. Habitat use during the day was strongly influenced by habitat type and

human activities, and to a lesser degree by functional and non-functional roads, and rivers.

Our results support the suggestion that logged forests are suitable habitats for WLG if

hunting and poaching are controlled. We recommend collaborations between timber

operators and scientists to improve the conservation potential of tropical forests and

enhance the wildlife-management aspects of logging practices.

Keywords Gorilla gorilla gorilla � Nesting behavior � Timber exploitation � Long term

impact � Gabon � Standing crop nest count

Introduction

The Congo Basin is the second largest forested area in the world after the Amazonian

forest (De Wasseige et al. 2009). It is a region of high biodiversity and a refuge for large

endangered forest mammals (Dupuy 1998; Eba’a Atyi et al. 2010). However, activities that

threaten forest animals and their habitats are expanding and increasing in pressure.

Between 2000 and 2005, the mean annual deforestation and degradation net rates in the

Congo Basin were 0.17 and 0.09 % respectively (De Wasseige et al. 2012). Logging is one

of the factors contributing to forest degradation but because it strongly contributes to the

economy and development of Central African countries it will surely further expand (Rieu

and Binot 2006; Walsh et al. 2008; Eba’a Atyi et al. 2010; De Wasseige et al. 2012).

Thirty-five percent of Congo Basin forests were principally allocated for logging in 2010,

while 26 % were dedicated to conservation (De Wasseige et al. 2012; Nasi et al. 2012).

The long-term survival of many forest animals may thus depend on their ability to persist

in logged forests (Johns 1985).

Timber exploitation in the Congo Basin is evolving towards sustainable production and

management: there are 14 million ha of managed forests, of which 6.6 million ha are

certified for management under an independent label (respectively 8 and 4 % of the Congo

Basin forests) (De Wasseige et al. 2012; Nasi et al. 2012). In Gabon, managed production

forests account for 29 % of the forested area and forests certified for management comprise

14 % (De Wasseige et al. 2012; Nasi et al. 2012). The certification standards notably

include the implementation of forestry practices that promote the conservation of biodi-

versity, and the maintenance of ecosystem services and of high conservation value forests

(HCVF) (Morgan et al. 2013).

More than 50 % of the range of great apes in western Equatorial Africa lies in active

logging concessions (Morgan and Sanz 2007). It is therefore essential to undertake great

ape surveys outside the borders of protected areas to improve our knowledge of great ape

population status and to assess responses to various types of human disturbance (Poulsen

and Clark 2004).Together, Gabon and the Republic of Congo host about 80 % of all

western lowland gorillas (Gorilla gorilla gorilla Savage & Wyman) (Harcourt 1996).

Despite low human population density in Gabon, and therefore low anthropogenic
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pressures, the country experienced a decline in its gorilla population of more than 50 %

between 1983 and 2000 (Walsh et al. 2003). This decline was mainly a result of com-

mercial hunting, and its facilitation by the development of logging road networks and

infrastructures, and the occurrence of several Ebola outbreaks in Gabon during the nineties

(Huijbregts et al. 2003; Walsh et al. 2003). While Ebola outbreaks are unpredictable and

cannot be human-controlled, this is not the case for the direct and indirect impacts of

logging. Therefore, it is of paramount importance to understand the response of gorillas to

logging-induced habitat modification in order to develop strategies which assure the

preservation of WLG in Gabonese logging concessions. Assessing their status within

certified logging concessions would help to control the effectiveness of ‘ape friendly’

practices.

We studied the long term impact of logging on WLG in a 617,000 ha certified con-

cession in southeast Gabon that has been logged for 25 years. The following questions

were addressed: (1) Is the average density of WLG in a sustainably managed logging

concession comparable to densities observed in protected areas? (2) Do WLG preferen-

tially use any particular habitat type(s) in a logged forest? (3) What are the factors

explaining WLG day and night habitat use within the study site?

Material and method

Study site

The study site is a sustainably managed and certified (Forest Stewardship Council, FSC)

logging concession of 617,000 ha, located in southeast Gabon (Fig. 1). Allocated to a

forest company since 1987, the site has undergone one complete felling cycle of

25 years. The management plan of the concession has been approved since 2000 and

reduced impact logging (RIL) practices, such as controlled felling techniques and pro-

tection of future crop trees, have been applied since 2007 (Putz et al. 2008; Medjibe

et al. 2013). The concession received its FSC label, given by Bureau Veritas, in 2008

(Medjibe et al. 2013). Before the implementation of the management plan, conventional

logging was undertaken, harvesting the best quality trees of a few species without spatial

or temporal planning (Demarquez and Jeanmart 2004). During the nineties, harvesting

rates averaged 1 tree ha-1 (Demarquez and Jeanmart 2004). A second wave of timber

harvesting was undertaken in 2013 (i.e., one year after our census) in a 13,410 ha annual

allowable cut (AAC) (Bambidie AAC 2012, 0�440–0�520 South, and 013�060–13�170

East, accounting for 2.17 % of the concession area).

The site comprises a moist tropical evergreen forest characterized by the abundance of

Scyphocephalum ochocoa (Myristicaceae) and Aucoumea klaineana (Burseraceae) (De-

marquez and Jeanmart 2004); a composition which lends for a categorization of old

secondary forest (White 1986). The climate is equatorial, displaying two seasons with

low precipitation (June–August and January–February) and two seasons with heavy

precipitation (March–May and September–December). The total average annual rainfall

is 1,700 mm and the average annual temperature is 26 �C (Moupela et al. 2013). The

highest temperatures are observed in February to April, while the lowest occur in July

and August.

Yellow lateritic soils are dominant in the forests of this region (Martin et al. 1981).
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Data collection

Data collection took place from January to June 2012. A two-week pilot census was

undertaken in the month preceding the main census in order to estimate the sampling effort

required to obtain a coefficient of variation (CV) of B20 % on nest density estimates. This

target CV was defined as a good balance between sufficient estimator precision and

financial constraints (Varman and Sukumar 1995; Rainey et al. 2009). During the pilot

census, twelve transects of 3,000 m were walked leading to a total length of 36 km. Ten

nest sites and 22 nests were detected from the transects. Following Buckland et al. (2001),

these results indicated that if the pilot encounter rates of nests sites and nests were constant

across all the study site, it would be necessary to walk 270 or 123 km of transect in order to

not exceed the 20 % CV threshold for nest sites and nests, respectively. Consequently, the

figure of 270 km was taken as a minimum objective for total length of transects in the main

study. Overall, 100 parallel line transects were subsequently walked by a team of two

observers at an average speed of 1 km h-1. Transects ranged from 1,500 to 4,100 m long,

were placed 200 m apart (Fig. 2) and were oriented North–South in order to be roughly

perpendicular to the main rivers and consequently parallel to vegetation gradients (Stokes

et al. 2010).

A total of 308 km of transects were walked once during the study period. Records were

made of gorilla signs (feces, prints, feeding remains, scent, vocalizations, and direct

contacts), and visible gorilla nests and nest sites. Each time a nest was detected, the

observers first walked a further 50 m to check for other visible nests (detected nests). Then,

the observers left the transect to search in a 50 m radius around detected nests for nests that

were not detectable from the transect (undetected nests). Additionally, all signs of hunting

Fig. 1 Geographical location of the study site
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and human presence (thereafter referred to as ‘human presence indices’) observed along

transects were recorded. The dominant habitat type and degree of canopy closure (presence

(1) or absence (0) of canopy at three height classes, 2–10 m, 11–20 m and [20 m) were

assessed every 50 m (Remis and Kpanou 2010). Habitat type classification followed the

nomenclature presented in Appendix. For statistical reasons they were grouped into four

main categories (Table 1). The representation of each habitat type in the study site was

then estimated as the percentage of 50 m units of this habitat within the sample (Remis and

Kpanou 2010).

A nest site was defined as a group of nests of the same age within 50 m of each other

(Devos et al. 2008; Hicks et al. 2009; Stokes et al. 2010). Discriminating between signs of

gorillas and the sympatric central chimpanzee (Pan troglodytes troglodytes) is essential in

any survey undertaken within sites where these two species are sympatric (Tutin et al.

1995; Kühl et al. 2009). Nest sites were attributed to gorillas when (1) at least one ground

nest was present at the nest site or (2) one or more additional gorilla presence indices (feces

or prints of the same age category, hair, fresh scent) were identified on the ground below

the tree nests (Brugiere and Sakom 2001; Poulsen and Clark 2004; Morgan et al. 2006;

Rainey et al. 2009; Hicks et al. 2009). Chimpanzee ground nesting occurs in central

chimpanzees (Tagg et al. 2013), but has not been documented at this site and we did not

observe chimpanzee signs on or close to any of the ground nests included in the study.

Tree-nest-only nest sites with no gorilla signs were attributed to chimpanzees and were not

included in our analysis. However, old gorilla nest sites may be mistakenly attributed to

chimpanzees when only tree nests remain visible (Tutin et al. 1995); therefore, our cal-

culated density value might be an underestimation.

Specific data recorded for each nest are presented in Table 1.

Fig. 2 Bambidie AAC 2012 and transect placement
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Some additional nest sites were encountered during other activities in the forest, outside

of the census transects (movements between census transects on the basal transect) or on

transects that were walked a second time (to monitor nest decomposition, to search the

forest for feces or to collect gorilla-food fruit species). These sites were characterized

following the same process as for census sites and were integrated into the nesting behavior

characterization but were excluded from the density estimation.

WLG density was estimated from nest and nest site counts along the transects using the

standing crop nest count (SCNC) method. This method enables the surveying of a large

area and achieves a higher level of precision in small areas when there are temporal and

financial constraints (Hashimoto 1995; Blom et al. 2001; Laing et al. 2003; Kühl et al.

2009). Moreover, the SCNC method considers the abundance of apes over an extended

period of time, resulting in an average estimation of density over a period of several

months before and during the survey (Spehar et al. 2010). Following Buckland et al. (2001)

the density of individual gorillas is obtained by dividing the density of nests by the nest

production rate (1.0; Devos et al. 2008; Morgan and Sanz 2007; Tutin et al. 1995) and the

average nest decay rate (78 days; Tutin et al. 1995). As an insufficient number of fresh

nests were encountered during the study to calculate a site-specific nest decay rate, the

value used was estimated from available data from a forest in Lopé Reserve, Gabon

(located 250 km from and with very similar ecological conditions as our site) (Tutin et al.

1995; Doucet 2003). Indeed, recently, nest decay rates have been shown to be more similar

across the forest zone than previously suspected (Maisels F., personal communication).

Table 1 Nest characterization data

Variable Description Reference

Detectability Detectable (1) or undetectable (0) from transect

Perpendicular distance to the
transect

Distance from the center of the transect, to the center of the
nest, m (precision: decimeter)

Habitat type (see Table 7 in
Appendix for details)

Closed terra firma forest Doucet
(2003)Open terra firma forest

Flooded vegetation

Bare soil or water

Nest type Zero: bare ground Tutin et al.
(1995)Minimum: nest built with 1 or 2 herbaceous stems

Herbaceous: nest built with at least 3 stems of herbaceous
plants

Mixed: nest built with herbaceous and ligneous vegetation

Ligneous: nest built exclusively with ligneous vegetation

Tree nest: nest built in a tree, with broken and bent branches
(record of tree diameter and nest height)

Age category 1 (fresh): vegetation still green and firm (1–2 days) Tutin et al.
(1995)2 (recent): vegetation drying and changing color

3 (old): vegetation dead but nest still intact

4 (rotten): nest under disintegration process

Canopy opening Presence (1) or absence (0) of canopy, measured at height
classes: 2–10 m, 11–20 m, [ 20 m

Feces Presence (1) or absence (0) of feces close to the nest
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Data analysis

Distance sampling and gorilla density estimation

Distance 6.0 release 2 software (Thomas et al. 2010) was used to calculate densities.

Distance sampling is based on the determination of the probability of detection of an object

as a function of its distance to the transect (Buckland et al. 2001). The detection probability

function (DPF) allows a calculation of the effective strip width (ESW), which is used to

estimate the sample area. The furthest 5 % of observations from the transect were trun-

cated before determination of the DPF to ensure a more robust analysis (Buckland et al.

2001). Model selection in Distance was based on the lowest values of Akaike information

criterion (AIC) and the results of the Chi square goodness of fit (p [ 0.05) (Rainey et al.

2009; Clark et al. 2009; Stokes et al. 2010).

Distance sampling analyses were performed considering observations as: (1) individual

detected nests and (2) nest sites (including detected and undetected nests), and the two

analyses were compared. Individual nest analysis does not meet the assumption of inde-

pendency of observations (Buckland et al. 2001; Hashimoto 1995; White and Edwards

2000) but avoids the issue of inaccurately estimating nest site size (Stokes et al. 2010).

Moreover, it generally allows working on a larger sample size as more nests than nest sites

are detected, thus improving the accuracy of the estimation. The decay rate is also a

parameter that is determined at the level of individual nests (Stokes et al. 2010). With

regards to the nest site analysis, the rapid disappearance of some nests, especially zero and

minimum nest types, may have led to an underestimation of group size (Tutin et al. 1995).

We controlled for the disappearance effect using a Student t test to compare mean group

sizes between fresh/recent (categories 1 and 2) and old/rotten (categories 3 and 4) nest

sites.

The selected functions for the nest and nest site analyses were the Half-Normal function

with a Cosine Adjustment Term and the Negative Exponential function, respectively. The

Negative Exponential function, selected for the nest site density estimation, is sometimes

criticized because of the absence of a ‘shoulder’ at the shortest distance from the transect

line (Harris and Burnham 2001). The presence of a ‘shoulder’ is thought to better reflect

reality, because the detectability of objects often decreases slightly close to the center line,

then it drops off at some distance from the line. Here, perpendicular distance to the center

of the nest site is calculated taking into account distance to nests detected from the transect

and to nests that were not visible from the transect but detected when searching the forest

(White and Edwards 2000). Consequently, the distribution of distances to nest site centers

does not reflect this slight decrease in detectability.

Characterization of habitat use and nesting behavior

For each point of measure (every 50 m along transects and at each nest), a global value of

canopy closure was obtained by summing the scores recorded at each of the three height

classes. Subsequently, a canopy closure index (%) was calculated by dividing the sum by 3

(maximum canopy closure). A Student t test was carried out to compare average canopy

closure in the forest and above nests.

In order to differentiate habitat use during the day (foraging, resting and playing) and

during the night (nesting behavior), gorilla presence indices for all signs excluding nest

sites and for nest sites only were considered separately. Thereafter, the denomination

‘presence indices’ will refer to all indices excluding nest sites, and their analysis will
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reflect habitat use during the day. The ‘nesting behavior analysis’ will focus on nest sites

and on the criteria leading to the selection of a site to spend the night. For both habitat use,

potential habitat preferences were investigated with a Chi square test comparing the

observed distribution of gorilla signs among habitat types with their expected distribution

based on habitat availability, and the determination of adjusted Wald-Bonferroni confi-

dence intervals (CI) (Neu et al. 1974; Agresti and Coull 1998).

In order to identify the factors that influence the spatial distribution of gorilla presence

indices and of nest sites in the study site, a generalized linear model (GLM) was adjusted

separately to gorilla presence indices (‘day use’) and to nest sites (‘night use’), with a

binomial response and a logit link function. The factors hypothesized to explain the

probability of finding gorilla presence indices, or nest sites, in a 50 m transect segment are

integrated into the GLM (Table 2). The model was selected from the maximal model and

by taking into account all factors and interactions of the first order and suppressing non-

significant interactions and factors, step by step (backward stepwise selection). The

interactions of orders higher than one were not considered because of their complex

interpretation from a biological point of view. Factors or interactions with coefficients

lower than 1 9 10-4, representing a very low actual influence on the response, were also

discarded from the model. This selection method was used in order to find a compromise

between the accuracy and simplicity of the model.

All statistical analyses were computed in Minitab 15 (Minitab statistical software 2007)

and R software version 2.15.1 (R Development Core Team 2011).

Results

Distance sampling and gorilla density estimation

With a survey effort of 308 km, 82 nest sites were encountered, totaling 470 nests, of

which 270 were detected from the transects. Although we used nests to estimate WLG

density, we encountered a gorilla group on four occasions during the course of the survey

(visual contact). The nest and nest site encounter rates were 0.88 and 0.27 per km walked,

respectively. The mean nest site size, excluding the 5 % furthest observations and used to

convert nest site density to nest density in the nest site analysis was 5.52 nests. The results

of the two Distance sampling analyses are provided in Table 3.

The ESW values obtained were 3.69 and 4.27 m for the nest and nest site analyses,

respectively. Based on these values, the resulting proportion of area sampled of the census

were 0.85 and 0.98 %, respectively. The objective of obtaining a maximum CV of 20 %

was achieved for the nest analysis (17.2 %) and almost achieved for the nest site analysis

(22.6 %).

Table 2 Factors tested in the day and night habitat use analyses

Factor type Factor characterizing the 50 m segment

Biotic factor Habitat type

Distance to river

Anthropogenic factor Distance to functional road

Distance to non-functional road colonized by herbaceous vegetation

Number of human presence indices
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Group sizes were not significantly different between fresh/recent and old/rotten sites

[DF = 87, t = - 1.54, p = 0.127]. Thus, using the entire dataset to estimate nest site size

will not result in an underestimated mean because of the disappearance of some nests.

Mean nest site size was 5.8 nests/nest site [range 1–29, SD = 5.31 nests]. The average nest

group size, excluding solitary nests, was 7.3 nests/nest site [range 2–29, SD = 5.25 nests].

Considering the large overlap between the two density CIs, we can conclude that, in our

case, there is no significant difference between the estimation of density based on indi-

vidual nests and the estimation of density based on nest sites. Therefore, the density

estimate based on individual nests will be chosen as the reference value for the present

study since its precision is greater, and individual nest-based estimates are considered of

higher value (Grossmann et al. 2008; Kühl et al. 2009; Stokes et al. 2010).

Nest building

Over the whole study period 89 nest sites, containing 515 nests, were encountered and

characterized during both census survey and other activities in the forest.

Table 3 Results of distance sampling analyses

Density
estimate
analysis

Detection probability
function

Density
(nests km-2)

95 % CI
(nests km-2)

%CV Density (weaned
gorillas km-2)

Nests Half-normal with cosine
adjustment term

116.7 83.4–163.5 17.2 1.50

Nest sites Negative exponential 106.1 68.3–164.7 22.6 1.36

Fig. 3 Proportion of gorilla nest types (n = 515)
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The observed proportions of different nest types are presented in Fig. 3.

The majority of nests were built using both herbaceous and ligneous materials (52.0 %).

Nests built using herbaceous plants (minimum, mixed and herbaceous nests) accounted for

79.4 %.

Habitat use

Day use and night use of the different habitat types, and habitat availability within the

study site are shown in Table 4. Chi square goodness of fit analysis revealed no significant

difference between availability and day use of habitat type [DF = 3, v2 = 4.546,

p = 0.208]. Considering night use (nesting behavior), more gorilla nest sites than expected

were found in open terra firma forest and fewer nest sites than expected were found in

closed terra firma forest [DF = 3, v2 = 302.369, p \ 0.001].

The preference for nesting in open habitats was highlighted by a Student t-test com-

paring the mean canopy closure index above nests (25.1 %) and above systematic points

along census transects (61.0 %) [DF = 6073, t = 31.58, p \ 0.001].

Overall encounter rates of gorilla and human presence indices were 1.96 and

0.05 km-1, respectively. The models obtained to explain gorilla presence indices and nest

site distribution are detailed in Table 5. For both day and night habitat use models, the

most important factor is ‘habitat type’, explaining the major part of the deviance. However,

the distribution of gorilla presence indices and the distribution of nest sites are influenced

by different factors. Day use model also includes distance to river, distance to functional

road and distance to non-functional road. Only the distance to river influences night use of

habitat. No interaction was proved significant.

Discussion

Gorilla density in a sustainably managed logged forest

Gorilla density in Bambidie AAC 2012 (1.5 weaned gorillas km-2) falls within the range

of documented WLG densities at other sites, although much lower and higher figures are

also reported (Table 6). It is remarkably similar to estimates obtained from other sus-

tainably managed forests, such as the average density observed in CIB (Congo) (Clark

et al. 2009) and that in Dzanga Ndoki National Park (CAR) (Blom et al. 2001).

Table 4 Comparison of habitat availability and habitat use

Main habitat type Habitat availability
(%)

Day habitat use Night habitat use
Presence indices excluding
nest sites (%) (CI)

Nest sites (%) (CI)

Closed terra firma forest 78.7 80.6 (76.7–84.1) 11.1 (4.3–23.5)

Open terra firma forest 14.7 13.8 (10.9–17.4) 82.7 (69.4–91.4)

Flooded vegetation type 5.2 5.0 (3.3–7.5) 6.2 (1.2–17.4)

Bare soil or water 1.4 0.6 (0.1–1.9) 0 (0–8.7)

Adjusted Wald Bonferroni CI were calculated following Agresti and Coull (1998) and Neu et al. (1974)

Values of habitat use that are significantly different from habitat availability are given in bold
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WLG densities in logging concessions with management plans, including wildlife

management strategies, are high and sometimes among the highest ever recorded (Clark

et al. 2009; Stokes et al. 2010). These high densities might be linked to the enhanced

growth of understory cover, and particularly herbaceous vegetation (e.g., Aframomum sp.

(Zingiberaceae), Megaphrinium sp. and Sarcophrinium sp. (Marantaceae)) (Wright 2003;

Matthews and Matthews 2004; Laurance et al. 2006; Morgan and Sanz 2007; van Kreveld

and Roerhorst 2009; Clark et al. 2009; Remis and Kpanou 2010; Stokes et al. 2010) that

provides gorillas with staple food and nest building material (Tutin et al. 1995; Oates 1996;

Goldsmith 1999; Doran-Sheehy et al. 2004; Sanz et al. 2007; Stokes et al. 2010; Willie

et al. 2014). This hypothesis is supported by the high number of nests built using terrestrial

herbaceous vegetation (THV), highlighting the importance of THV as a nest building

material. Growth of THV is enhanced in open canopy environments, such as felling gaps,

skid trails and logging roads (Malcolm and Ray 2000; Matthews and Matthews 2004).

Indeed, THV density is often linked to canopy openness and light availability (Malcolm

and Ray 2000; Willie et al. 2012). Our results suggest that WLG prefer to nest in open

areas within the forest. These data are consistent with the findings of other studies (Tutin

et al. 1995; Goldsmith 1999; Sanz et al. 2007; Devos et al. 2008; Stokes et al. 2010; Willie

et al. 2012).

This study underlines the potential complementary role in wildlife protection of logging

concessions in addition to protected areas. In the context of forest certification and HCVF

maintenance, our results suggest that sustainably managed selective logging may be a

potential scheme for gorilla population conservation. WLG could be seen as a model

species as it is critically endangered, is considered a keystone species and has a role in

forest regeneration (Rogers et al. 1998; Voysey et al. 1999; Petre et al. 2013). Logged

forests may act as semi-protected buffer zones or forest corridors connecting conservation

areas, and may thereby contribute to the conservation estate of WLG (Clark et al. 2009).

Table 5 GLM of the probability of presence of gorilla indices and probability of presence of nest sites

Response R2 Factor Coefficient % of explained
deviance

Sign.
(Chi square)

Indices 0.53 Habitat type-Closed terra firma forest -2.935 52.23 ***

Habitat type-Open terra firma forest -2.822

Habitat type-Flooded vegetation -2.930

Habitat type-Bare soil or water -3.567

Human presence indices -12.289 0.05 *

Distance to river (m) 2.821 9 10-4 0.13 ***

Distance to functional road (m) 1.419 9 10-4 0.04 .

Distance to non-functional road (m) 3.907 9 10-4 0.19 ***

Nests 0.92 Habitat type-Closed terra firma forest -6.529 92.25 ***

Habitat type-Open terra firma forest -3.105

Habitat type-Flooded vegetation -4.427

Habitat type-Bare soil or water -17.937

Distance to river (m) 4.388 9 10-4 0.08 *

Presence indices model: Residual Deviance: 4001, Null Deviance: 8451, AIC: 4017; Nest sites model:
Residual Deviance: 648.4, Null Deviance: 8451, AIC: 658.4

. p = 0.05; * p \ 0.05; ** p \ 0.01; *** p \ 0.001
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Table 6 Estimated western lowland gorilla densities within Central Africa

Study site Nest density
(nests km-2)

Gorilla density
(weaned gorillas
km-2)

CV
(%)

Reference

Sustainably managed logging concessions

Bambidie AAC 2012
Wildlife management (FSC)
Gabon

116.7
(83.4–163.5)

1.50 17.2 This study

Pokola (CIB)
Wildlife management (FSC)
Congo

373.6
(207.4–672.8)

4.08 (2.27–7.36) 28.9 Stokes et al. (2010)

Kabo (CIB)
Wildlife management (FSC)
Congo

197.6
(93.5–417.4)

2.16 (1.02–4.56) 36.1 Stokes et al. (2010)

Loundougou (CIB)
Wildlife management (FSC)
Congo

71.2 9
(31.3–161.9)

0.78 (0.34–1.77) 40.7 Stokes et al. (2010)

CIB (average)
Wildlife management (FSC), logged
forest
Congo

1.57 (1.36–2.71) 11.0 Clark et al. (2009)

CIB (average)
Wildlife management (FSC),
unlogged forest
Congo

1.92 (1.27–1.94) 17.6 Clark et al. (2009)

Average 2.0

Protected areas

Lopé Reserve
Gabon

0.3–1.0 (White 1986)

Petit Loango
Gabon

23.86 0.21 Furuichi et al. (1997)

Dja Reserve
Cameroon

162.8
(85.7–309.2)

2.08 (1.09–3.95) 32.4 Latour (2010)

Lokoué, Odzala National Park
Congo

3.22 (1.61–6.44) 34.7 Devos et al. (2008)

Goualougo Triangle, Nouabalé
Ndoki National Park
Congo

2.63 (1.42–4.90) 31.6 Devos et al. (2008)

Nouabalé-Ndoki National Park
Congo

93.2
(53.9–161.3)

1.02 (0.59–1.77) 26.8 Stokes et al. (2010)

Lac Télé Community Reserve
DRC

2.91 (1.6–5.6) Poulsen & Clark
(2004)

Dzanga Ndoki National Park
Central African Republic

1.6 (1.1–2.3) Blom et al. (2001)

Average 1.95

Conventional logging concessions and non-protected areas

Mokabi
Congo

14.1 (4.8–41.3) 0.15 (0.05–0.45) 53.5 Stokes et al. (2010)

La Belgique
Cameroon

0.15 (0.04–0.59) Tagg & Willie (2013)

Campo
Cameroon

0.2 Matthews &
Matthews (2004)

Ngotto forest
CAR

0.4 (0.23–0.69) Brugiere & Sakom
(2001)

Average 0.225
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Landscape management in a mosaic structure of multi-use areas is thought to be efficient

(Johns 1985; Nasi et al. 2012). Thus, protected areas adjacent or close to logging con-

cessions may act as refuges during logging, mitigating the negative impacts of timber

harvesting and associated activities on wildlife (van Kreveld and Roerhorst 2009; Clark

et al. 2009). This multi-use scenario would enable the persistence of species that are highly

affected by logging activities and related disturbances, as well as those whose extensive

forest range requirements are sometimes not met solely by protected areas.

However, although WLG may persist and even thrive in sustainably managed logged

forests, this will not necessarily be the case if hunting is not controlled (Haurez et al. 2013).

In logging concessions with no established wildlife management strategies, hunting

intensity often rises uncontrollably and gorilla densities can rapidly decline (Morgan and

Sanz 2007; van Kreveld and Roerhorst 2009; Stokes et al. 2010). Indeed, in forests har-

vested for timber, indirect effects of logging, in particular an increase in hunting, can

impact upon gorilla populations more than direct effects of logging, such as habitat

alteration and fragmentation (van Vliet and Nasi 2008; van Kreveld and Roerhorst 2009).

In this study, we only considered the impacts of logging on WLG. Consequently, our

results could not be extended to other species. The impacts of logging on mammals have

been addressed by several studies (Nasi et al., 2012 and reference therein). Mammal

abundance has shown various responses to logging-induced disturbance, depending on

animal guild and species but also on local conditions. However, the global trend is con-

sistent with that observed for gorillas in our study: species distribution in logging con-

cessions seems to be more influenced by road networks and hunting pressure than by

logging activities per se (Nasi et al. 2012). On the contrary, however, the sympatric

chimpanzee has been shown to be seriously disturbed by logging during and after

exploitation (Matthews and Matthews 2004). In contrast to WLG, chimpanzees exhibit

strong territoriality and rely on old forests for foraging and nesting (Matthews and Mat-

thews 2004; Arnhem 2008). As a result they may be less adaptable to disturbance and

population displacement. Furthermore, while most studies have focused on the impact of

logging on mammals (Matthews and Matthews 2004; Laurance et al. 2006; Arnhem 2008;

van Vliet and Nasi 2008; Clark et al. 2009; Stokes et al. 2010), other groups (birds, insects,

reptiles, amphibians, etc.) should also be included in order to produce a broad assessment

of the impacts of logging on wildlife.

Nesting behavior and habitat use

As expected, both the Chi square test and the GLM analysis differentiate habitat use during

the day and during the night. For both models, the negative values of the coefficients

related to the habitat types infer that the probability of presence of a gorilla sign in a given

habitat type is lower than 50 %. This is not surprising, as gorilla indices and nest sites

occur at a relatively low density overall and are relatively rare.

The day use model includes five factors. The most important one is the habitat type. This

suggests that, even if gorillas use different habitat types in proportion to their availability

during the day, habitat might influence WLG movement. A low encounter rate of human

indices was observed in Bambidie AAC 2012 (0.05 km-1). This value is similar to that

observed in a permanent research site in Cameroon (0.03 km-1) (Tagg et al. 2013). In

comparison, the encounter rate of human signs in the Dja Reserve (Cameroon) was 2.6 km-1

in 2009 (Latour 2010). The low value recorded in our study might reflect the efficiency of

hunting management and sensitization programs undertaken by the logging society at the

study site. Yet, even with such a low hunting pressure, the distribution of human indices
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negatively impacts upon WLG movement during the day. This could reflect an avoidance by

gorillas of regularly used hunting zones and trails (Tagg and Willie 2013). The probability of

finding gorilla presence indices also slightly increases with increasing distance from roads

(functional and non-functional) and distance to rivers. Roads constitute potential paths used

by people for access into the forest. However, there was no significant interaction between

human indices and distance to roads in the GLM. Also, WLG groups are frequently observed

crossing functional roads in our study site as well as in other sustainably managed concessions

(Haurez B. personal observation, Laurance et al. 2006). As shown by previous studies, the

influence of functional logging roads on WLG behavior is complex to assess and likely

depends on many additional and interacting factors, such as hunting pressure. Results from

other logging concessions are inconsistent: in Mandji concession (southwest Gabon), a

mosaic of forests both unlogged and logged numerous times, there was no relationship

between gorilla signs and distance to roads, and gorillas were regularly observed close to

villages (van Vliet and Nasi 2008). In contrast, in four logging concessions in northern

Republic of Congo, distance to roads had a strong influence on WLG presence (Clark et al.

2009). The contrasting effects of distance to roads, human presence and hunting on gorilla

abundance may in part depend upon whether or not gorilla meat is consumed, or whether or

not sensitization activities are underway at the site. Finally, the weak influence of roads on

gorilla presence indices in our study, as well as observed road crossing by WLG, might be

explained by the relative proximity of road networks to any given point in the study site.

Indeed, the most remote forest segments surveyed were situated only 4 and 2.3 km from

functional and non-functional roads, respectively. Extending such a census to areas situated

10 to 20 km from roads may provide a fuller picture. Testing the influence of roads at different

spatial scales would allow to identify the optimal scale of influence (Serckx 2014). At last,

non-functional roads colonized by THV may have antagonistic effects on WLG: these forest

paths may be used by hunters, but abundant THV provides gorillas with staple food and nest

building material. As we did not quantify the density of THV, these antagonistic effects might

be confounded in our analysis.

The coefficient of determination R2 for this model (0.53) indicates that other factors not

included in our study may also influence WLG habitat use during the day. The distribution

of food trees, and food sources in general (notably density of THV), is an important

variable known to drive ape foraging (Goldsmith 1999; Willie et al. 2012), but was not

directly considered in this study. In the context of the conservation of WLG in a logging

concession, it would be useful to identify key food sources at the study site in order to

develop a management plan which includes the preservation of these resources. In Gabon,

forest legislation already includes the protection of four species which constitute important

food resources for wildlife: Baillonella toxisperma, Tieghemella africana (Sapotaceae),

Dacryodes buettneri (Burseraceae) and Irvingia gabonensis (Irvingiaceae). Extraction of

these species is forbidden and timber operators are required to develop measures to prevent

damage during logging activities.

Effects of seasonality were not investigated in this study, as the study took place

predominantly in the rainy season. The cryptic characteristic of presence indices could also

lead to loss of precision, as some signs might be missed (e.g. feces or prints). A long-term

research study, based on nest-to-nest follows, could be undertaken in order to obtain more

precise data on seasonal habitat use.

The GLM describing night habitat use only comprises two factors. Despite its simplicity,

the coefficient of determination of this model is 0.92, affirming its suitability. ‘Habitat type’

remains the most important factor in explaining the spatial distribution of nest sites, with a

higher probability of nest site presence in open terra firma forests. In addition, the probability
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of a nest site being present increases slightly with distance from rivers. This is unlikely to be

due to human accessibility of the forest by means of the river as canoes are not used for people

transport at the study site (Haurez B. personal observation). Instead, as the census was carried

out during the rainy season, it is possible that the influence of rivers could be explained by the

avoidance of flooded areas. However, the low value of the coefficient may suggest a complex

relationship between habitat use during the night and rivers. WLG may, for example, avoid

nesting close to rivers until a critical distance (i.e., where flooded zones end), but not be

influenced by the river beyond this point.

Conclusion

Our high density estimate of WLG in an AAC logged 25 years previously supports the

hypothesis that logged forests may constitute suitable habitats for gorillas, if hunting is

controlled. Indeed, WLG preferentially nested in open terra firma forest, a habitat type

which naturally occurs but which is also created by logging activities. While our estimation

of WLG density was obtained at a limited scale (one AAC), it supports the results of larger

scale landscape studies which have suggested a potential role of logging concessions in the

enhancement of WLG conservation (Clark et al. 2009; Stokes et al. 2010). While gorillas

move evenly among habitat types during the day, the influence of human presence on their

movements infers an importance of this indirect impact of logging on wildlife. Conse-

quently, the implementation of hunting control strategies in any timber society is of crucial

importance, as well as the enforcement of wildlife legislation all across the Congo Basin.

In logged forests, the implementation of monitoring programs would allow stakeholders to

verify the stability of human activity levels in the forest, assess the effectiveness of wildlife

management activities, and ensure the conservation of WLG populations post-timber

harvesting. Ape-friendly practices already implemented in some logging concessions

(Morgan and Sanz 2007; Arnhem 2008; Clark et al. 2009) must be generalized.

Although selective timber exploitation may negatively impact upon wildlife populations

(Haurez et al. 2013), it remains one of the most economically-viable use of tropical forests

that simultaneously preserves the forest ecosystem, and is therefore preferable to forest

conversion for cash-crop plantations (Johns 1985). However, what may be the case for

gorillas cannot be generalized to all rainforest wildlife: while sustainable logging might be

compatible with WLG preservation, timber harvesting may be deleterious to other species,

notably central chimpanzees (Matthews and Matthews 2004). Besides, the potential pres-

ervation of some wildlife species within logging concessions should not be a pretext for

replacing protected areas by logged forest. The preservation of relatively pristine areas

remains crucial considering the expansion of anthropogenic disturbance, our limited

knowledge of the functioning of such an ecosystem and the negative impacts that might result

from its loss.

In light of the inevitable expansion of logging concessions throughout the forests of the

Congo Basin, collaborative efforts between forest managers of timber societies, conserva-

tionists, ecologists and scientists are critical to the maintenance of wild great ape populations

(Morgan and Sanz 2007; Stokes et al. 2010; Poulsen and Clark 2012; Nasi et al. 2012).
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Appendix

See Table 7.

Table 7 Vegetation type classification (adapted from Doucet, 2003)

Main type Habitat types

Closed terra
firma
forests

Periodically flooded forest Forest located in sites that can be affected by floods. This
habitat is characterized by the dominance of
Gilbertiodendron dewevrei (Caesalpiniaceae) and
Cleistanthus spp. (Euphorbiaceae)

Old secondary forest Characterized by the dominance of long-life light-
demanding species such as A. klaineana, Lophira alata
(Ochnaceae), Piptadeniastrum africanum,
Erythrophleum suaveolens (Fabaceae)

Forest with shallow soils Habitat type developing on shallow soils, characterized
by Ganophyllum giganteum (Sapindaceae),
Scaphopetalum blackii (Sterculiaceae), Warneckea
spp. (Melastomataceae), Diospyros spp. (Ebenaceae)

Open terra
firma
forests

Young secondary forest Succession stage linked to the anthropogenic opening of
the forest. The herbaceous stratum is highly present
with numerous species of Marantaceae and
Zingiberaceae. The Euphorbiaceae and the Rubiaceae
are also abundant. Some characteristic species are
Musanga cecropioides (Moraceae), Macaranga spp.
(Euphorbiaceae), Barteria spp. (Passifloraceae), A.
klaineana (Burseraceae), Nauclea diderrichii
(Rubiaceae)

Open vegetation type with
Marantaceae and
Zingiberaceae

Habitat type characterized by the dominance of
Zingiberaceae (Aframomum spp.) and Marantaceae, an
open canopy and the low representation (even most of
the time, absence) of the tree component

Old logging road Old logging road, whose ground is either bare, or in the
process of colonization by herbaceous and light-
demanding vegetation

Flooded
vegetation

Swamp forest Forest established on waterlogged soils, or soils
maintaining superficial groundwater in dry season.
Presence of Hallea spp. (Rubiaceae) and Raphia spp.
(Palmae)

Pandanus spp. swamp Swamp characterized by the abundance of Pandanus
spp. (Pandanaceae)

Flooded clearing Open area within forest matrix, dominated by rushes
(Cypericaceae). These clearings are regularly
frequented by elephants and are commonly named baı̈s
and eyangas

Bare soil or
water

Logging road Functional logging road, with completely bare soil.

Hydrography Any water feature (main river, streaming, lake, etc.)
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France, Orstom, p 74

Matthews A, Matthews A (2004) Survey of gorillas (Gorilla gorilla gorilla) and chimpanzees (Pan trog-
lodytes troglodytes) in Southwestern Cameroon. Primates 45:15–24. doi:10.1007/s10329-003-0058-4

Medjibe VP, Putz FE, Romero C (2013) Certified and uncertified logging concessions compared in Gabon:
changes in stand structure, tree species, and biomass. Environ Manage 51:524–540. doi:10.1007/
s00267-012-0006-4

Minitab Statistical software (2007) Minitab 15 statistical software
Morgan D, Sanz C (2007) Best practice guidelines for reducing the impact of commercial logging on great

apes in Western Equatorial Africa. IUCN. doi:10.2305/IUCN.CH.2007.SSC-OP.34.en
Morgan D, Sanz C, Onononga JR, Strindberg S (2006) Ape abundance and habitat use in the Goualougo

Triangle, Republic of Congo. Int J Primatol 27:147–179. doi:10.1007/s10764-005-9013-0
Morgan D, Sanz C, Greer D et al (2013) Great Apes and FSC: implementing ‘‘ape friendly’’ practices in

central Africa’ s logging concessions. IUCN
Moupela C, Doucet J, Daı̈nou K et al (2013) Dispersal and predation of diaspores of Coula edulis Baill. in an

evergreen forest of Gabon. Afr J Ecol. doi:10.1111/aje.12089
Nasi R, Billand A, van Vliet N (2012) Managing for timber and biodiversity in the Congo Basin. For Ecol

Manag 268:103–111. doi:10.1016/j.foreco.2011.04.005
Neu CW, Byers CR, Peek JM (1974) A technique for analysis of utilization-availability data. J Wildl Manag

38:541–545
Oates JF (1996) Habitat alteration, hunting and the conservation of folivorous primates in African forests.

Aust J Ecol 21:1–9
Petre C, Tagg N, Haurez B et al (2013) Role of the western lowland gorilla (Gorilla gorilla gorilla) in seed

dispersal in tropical forests and implications of its decline. Biotechnol Agron Soc Environ 17:517–526
Poulsen JR, Clark CJ (2004) Densities, distributions, and seasonal movements of gorillas and chimpanzees

in swamp forest in northern Congo. Int J Primatol 25:285–306. doi:10.1023/B:IJOP.0000019153.
50161.58

Poulsen JR, Clark CJ (2012) Building partnerships for conservation. In: Poulsen JR, Clark CJ (eds) Tropical
forest conservation and industry partnership: an experience from the Congo. Basin, Wildlife C. Wiley,
New York, pp 21–62

Putz FE, Sist P, Fredericksen T, Dykstra D (2008) Reduced-impact logging: challenges and opportunities.
For Ecol Manag 256:1427–1433. doi:10.1016/j.foreco.2008.03.036

R Development Core Team (2011) R: a language and environment for statistical computing. R Found Stat
Comput 1:409. doi:10.1007/978-3-540-74686-7

Rainey HJ, Iyenguet FC, Malanda GAF et al (2009) Survey of raphia swamp forest, Republic of Congo,
indicates high densities of critically endangered western lowland gorillas Gorilla gorilla gorillá . Oryx
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