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Abstract
In conservation biology, flagship species are defined as species that can raise support for biodiversity conservation in a given 
place or social context. In the newly established Gishwati–Mukura National Park in Rwanda, the Eastern chimpanzee was 
considered such an ambassador. To test whether the flagship species concept was effective in the park, we studied species 
richness, relative abundance, and species distribution (occupancy) of medium- to large-sized, ground-dwelling mammals 
using camera trapping technology. The impact of three environmental and three anthropogenic variables on species distribu-
tion was investigated and the ecological diversity of the fauna in the national park assessed. Over a period of 9 months, two 
4 × 4 camera trapping grids were deployed in Gishwati and Mukura Forest. Sampling effort in each forest equated to 32 and 
29 camera trapping locations, yielding 258 and 242 independent photographic events of eight and six species, respectively. In 
both forests, the Emin's giant poached rat was the most frequently encountered species, while all other species showed high 
relative abundance only in Gishwati Forest. The relative abundance of the endangered Eastern chimpanzee in Gishwati For-
est was 0.54, the estimated occupancy was 0.31. Single-species, single-season occupancy models revealed that forest cover, 
altitude and distance to forest edge influenced the detectability of L'Hoest's monkey and squirrel species, while no effect was 
found on their occupancy. Notably, no larger herbivore or carnivore species were observed in the park, while the flagship 
species, i.e., the Eastern chimpanzee, was relatively abundant. Moreover, in both forests, all detected carnivores were small- 
to medium-sized, suggesting a meso-predator release phenomenon, i.e., populations of medium-sized predators increased 
after the removal of larger, top carnivores, due to relaxed competition. It appears that the prioritization of the flagship species 
resulted in the neglect of other mammalian species, leading eventually into the demise of entire functional guilds. Based on 
these results, the Gishwati–Mukura NP was categorized as a ‘depleted forest’. We, therefore, strongly object chimpanzees as 
a suitable flagship species—at least in the Gishwati–Mukura NP—and recommend collating more knowledge on the release 
of meso-predators and the loss of forest ungulates to improve their future conservation in Afro-montane forest habitats.

Keywords Gishwati–Mukura NP · Rwanda · Primate conservation · Camera trapping · Meso-predator release · Trophic 
cascades · Functional guilds

Introduction

Compared to primates, African ungulate diversity has 
attracted relatively little attention and conservation funding 
although ungulates account for 8.2% (90 species) of Afri-
ca’s mammal fauna, while primates account for only 4.1% 
(45 species; Kingdon et al. 2013; Dickson et al. 2020). The 
decline of most African forest ungulates in recent decades 
(East 1999; O'Brien et al. 2020) implies that many vital eco-
logical (e.g., functional guilds) and socio-economic services 
(e.g., seed dispersal) will be lost and thus irrevocably change 
the ecosystem. The loss of these functional traits is framed 
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by other conservation aspects, such as the management of 
overexploitation, habitat fragmentation, disease transmis-
sion, climate change, competition with livestock, and the 
international, illegal bushmeat trade (Bro-Jørgensen and 
Mallon 2016).

The Albertine Rift Valley in East Africa—stretching from 
the northern end of Lake Albert to the southern end of Lake 
Tanganyika—has been identified as one of the world’s biodi-
versity hotspots and is internationally recognized as an area 
of global conservation significance (Plumptre et al. 2003, 
2007; Kanyamibwa 2013). Gishwati–Mukura National Park 
in western Rwanda—a tiny remnant of the once continu-
ous forest complex fringing both sites of the Albertine Rift 
Valley—is the youngest National Parks to preserve this out-
standing biodiversity. The National Park was mainly gazet-
ted to protect an isolated population of Eastern chimpanzee 
(Pan troglodytes schweinfurthii) but also the populations of 
golden monkey (Cercopithecus mitis kandti) and L'Hoest’s 
monkey (Cercopithecus l’hoesti). Great efforts were made 
by the Gishwati Area Conservation Program, the ‘Great Ape 
Trust of Iowa’ and ‘Earthpark’ to make the National Park 
a forest of hope, especially for the endangered chimpanzee. 
Chimpanzees were hereby considered a flagship species (i.e., 
a species selected to act as an ambassador for the newly 
established National Park and that may incidentally facilitate 
the persistence of other species; Caro et al. 2004; McGowan 
et al. 2020), or an umbrella species (i.e., a species that has 
large habitat needs and whose conservation facilitates the 
conservation of many other species at the ecosystem level; 
Hassan et al. 2005), jointly acting as a ‘surrogate for biodi-
versity’ for the newly established conservation area.

Primate conservationists argue that targeting flagship spe-
cies such as apes (or other primates) will also benefit other 
species through the continued protection of their habitats 
(Mittermeier 1986, 1988; Mallinson 1991; Wrangham et al. 
2008). Collins et al. (2011), for example, proposed that some 
carnivore species will automatically benefit if their habitat 
is conserved due to the presence of rare or endangered pri-
mates. Given similar threats faced by primates, ungulates 
and larger felids, it was argued that primates are good can-
didates to be flagship species for larger carnivores and pos-
sibly some ungulates (Macdonald et al. 2012). Other studies, 
however, urged for caution, warning that the prioritization of 
flagship species for conservation may result in the neglect of 
other wildlife species (Caro et al. 2004; Ozaki et al. 2006). 
However, such flagship (or umbrella) species approaches are 
rarely validated or screened for the proposed success.

In Gishwati–Mukura NP, it was argued that conservation 
actions targeted at primates, will indirectly benefit ungulates 
and other mammalian wildlife through the continued protec-
tion of charismatic species, such as chimpanzee and golden 
monkey. Numerous studies have reported on the population 
development and conservation status of these primates (e.g., 

Barakabuye et al. 2007; Chancellor et al. 2012a, b; Mc Guin-
ness and Taylor 2014; Chancellor et al. 2016), but none of 
them considered ungulates or other mammalian wildlife. 
Currently, the status of carnivores, ungulates and other 
ground-dwelling mammals in the newly established National 
Park remains nebulous, scanty and often based on anecdo-
tal reports (RoR 2014; RDB 2015; Kisioh 2015). Ground-
dwelling mammals, others than primates, alleged to occur 
in the park include bush pig (Potamochoerus larvatus), 
black-fronted duiker (Cephalophus nigrifrons), southern tree 
hyrax (Dendrohyrax arboreus), servaline genet (Genetta ser-
valina), African civet (Civettictis civetta), side-striped jackal 
(Canis adustus) and serval cat (Felis serval; Musabyimana 
2014; RoR 2014; RDB 2015; Kisioh 2015). Based on species 
inventories from neighbouring Nyungwe NP in Rwanda and 
Magahinga NP in Uganda, some additional species might be 
expected in Gishwati–Mukura NP (Erickson Wilson 1995; 
Chao 2008). Moreover, recent reports from neighbouring 
Nyungwe NP confirmed the presence of the rare Lestrade’s 
duiker (Cephalophus weynsi lestradei; Moore et al. 2018). 
Since this duiker species was also reported from Bwindi NP 
in Uganda (both Nyungwe and Bwindi comprise the same 
habitat as Gishwati–Mukura NP, i.e., afro-montane rainfor-
est) there is some hope that this rare ungulate also persists 
in Gishwati–Mukura NP.

Our study, therefore, aimed to close this gap and 
attempted to compile data on the richness, relative abun-
dance, and occupancy of medium- to large-sized, ground-
dwelling mammals. We used camera trap data to survey 
ground-dwelling mammals in two pristine parts of the 
National Park (i.e., the Gishwati and Mukura Forest frag-
ments) and to explore whether the flagship species concept 
applied in the park was effective, i.e., whether its application 
benefitted other ground-dwelling mammals than primates. 
In a first step, we compiled information on the persistence 
(species richness) of mammalian species and compared our 
inventory to that of previous reports by Kisioh (2015), RDB 
(2015) and REMA (2015) as well as to inventories from 
neighboring Nyungwe and Volcanoes NP (Erickson Wilson 
1995; Chao 2008). Given that only Gishwati Forest harbors 
Eastern chimpanzees and golden monkeys, we tested for dif-
ferences between the Gishwati and the Mukura Forest frag-
ment, assuming the presence of primates to have a positive 
effect on the richness, relative abundance, and occupancy 
of other ground-dwelling mammals. To exclude the possi-
bility that environmental or anthropogenic variables in and 
around the National Park account for the differences between 
fragments, we predicted that altitude, forest cover, human 
encounter rate, distance to the nearest forest edge, distance 
to nearest settlement, or distance to nearest tourist trail had 
no substantial impact on the detectability and occupancy 
of ground-dwelling mammals. Subsequently, we used the 
results to indirectly assess the intactness, i.e., the ecological 
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integrity (Theobald 2013), of the mammal fauna as well as 
the status of functional guilds within the Gishwati–Mukura 
ecosystem, and to discuss the success and efficacy of apply-
ing the flagship species concept in the park.

Methods

Study area

The Gishwati–Mukura National Park in western Rwanda 
is part of the Congo-Nile Divide forest complex at the 
eastern side of the Albertine Rift Valley, characterized by 
steep slopes (mean 35%), low mean annual temperatures 
(15–17 °C) and high mean annual rainfall (1200–1500 mm; 
Safari 2012). Within the Gishwati–Mukura National Park, 
our study focused on two isolated forest fragments of pri-
mary, afro-montane rainforest (Gishwati Forest: 1°49′S, 

29°22′E; Mukura Forest: 1°59′S, 29°31′E) at an altitude of 
2300–2700 m (Kindt et al. 2014; REMA 2015; Fig. 1). Both 
forests have a history of deforestation extending over the past 
50 years: protected as a forest reserve in 1933 (700  km2), 
Gishwati Forest measured 280  km2 in the 1970’s and had 
shrunk to only 6  km2 of pristine forest by 2002 (Kisioh 2015; 
Ordway 2015). In 2008 the Rwandan government launched 
a campaign to restore Gishwati Forest and its size was 
increased to 14.8  km2 by 2016 (Kisioh 2015). In Mukura 
Forest, about half of the forest area was lost to deforesta-
tion since 1951, and from 1990 to 2006 the pristine forest 
area declined from 21 to 16  km2 (REMA 2015). Despite 
the high degree of deforestation, the two forest fragments 
still hold a significant biodiversity, including 250 plant spe-
cies, more than 200 birds (including 20 that are endemic 
to the Albertine Rift) and three species of primates (RDB 
2015; Kisioh 2015). Since 2008, impressive conservation 
outcomes were achieved, such as the reforestation of 6  km2 

Fig. 1  Location of Rwanda in Africa (A), location of Gishwati–Mukura NP in western Rwanda (B), and locations of four camera trapping grids 
in Gishwati (C) and Mukura Forest (D). Grey shades in C and D represent forest cover (tree density in %) in the year 2000 (Hansen et al. 2013)
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naturally regenerating forest that was added to the cores of 
primary forest (Kisioh 2015). In early 2016, both forests 
were eventually protected as Gishwati–Mukura National 
Park and managed by the Forest of Hope Association in 
collaboration with the Rwanda Development Board (RDB) 
and the Rwanda Natural Resources Authority (Kisioh 2015). 
The newly established National Park has a core area of 34.3 
 km2 (Gishwati: 14.4  km2, Mukura: 19.9  km2) and is sur-
rounded by a buffer zone of 9.9  km2 consisting of farm and 
rangeland as well as reforested areas (RDB 2015; UNEP-
WCMC 2020).

Camera trapping

Our survey design consisted of 16 camera trapping points 
located at 300 m intervals on a regular 4 × 4 square grid, 
oriented to fit the remaining fragments of natural habitat 
(pristine, primary afro-montane rainforest, i.e., the core 
zone of the National Park; Kisioh 2015). Beside these core 
areas, the National Park’s total surface area also included 
sections of secondary forest, forest plantations as well as 
pastures and farmland (REMA 2015). However, such areas 
were excluded from our considerations as these land use 
differences would have likely influenced the composition 
of faunal communities. Each study site (i.e., Gishwati and 
Mukura Forest; Fig. 1) contained two camera trapping grids, 
extending over an area of 1.2 × 1.2 km (i.e., 2.88  km2 per 
forest fragment), resulting in a total of 64 camera trap sites 
and a trapping density of one trap per 0.05  km2. Apart from 
serval cat (home range size: 10–32  km2; Hunter and Bow-
land, 2013) and Eastern chimpanzee (home range size: 6–32 
 km2; Emery Thompson and Wrangham, 2013), home ranges 
of potential target species could be traversed at least every 
1–4 days, with an average daily ranging distance of about 
3 km (0.48–5.84 km; home range sizes were obtained from 
Kingdon et al., 2013). Therefore, selected camera trap loca-
tions and intervals represented a random sample of the entire 
population of most target species (Gotelli and Colwell 2011; 
Rovero et al. 2013; van Berkel 2014).

BaseCamp software vs. 4.6.2 (Garmin Ltd., USA) and a 
handheld GPS receiver were used to locate camera trapping 
points in the centre of each grid cell. Camera traps were 
placed within 50 m of each centroid at heights of 30–50 cm. 
We applied Ltl Acorn 6310 (Ltl Acorn, Shenzhen, China) 
camera traps with a passive infra-red sensor, set to take only 
one picture per trigger. Ltl Acorn 6310 camera traps have 
a trigger time of 0.1 s with a detection range of approxi-
mately 25 m. All other settings were used as suggested by 
the default (Ltl Acorn, 2019). During daylight, images were 
in natural colour (RGB), while at night (or at low light levels 
in the daytime) pictures were taken using the infra-red flash. 
Due to financial and logistical constraints, camera trap grids 
were sampled consecutively rather than simultaneously. The 

overall camera trapping period extended from 7 May 2017 
to 11 May 2018, covering one dry and one wet season in 
each forest (Gishwati I, dry season: 10 May to 18 August 
2017; Gishwati II, wet season: 16 August to 17 November 
2017; Mukura I, dry season: 4 December 2017 to 4 February 
2018; Mukura II, wet season: 5 February to 11 May 2018; 
Supplementary Information Table S1).

Data collation and processing

The Exiv2 software tool (Huggel 2012) was used to extract 
image metadata into Excel spreadsheets (Microsoft Office, 
USA). Camera trap label, date and time records were 
compiled for each image. If possible, pictures containing 
ground-dwelling mammals were identified to species level 
and grouped into independent photographic events. In our 
study, an ‘event’ was defined as a sequence of pictures of 
a certain species occurring after an interval of more than 
60 min from the previous image of that species (Tobler et al. 
2008; Amin et al. 2014). Time elapse between two images 
was calculated using ‘lubridate’ package (Spinu et al. 2020) 
in R (version 4.0.3, Development Core Team 2018). Spe-
cies identification was based on Dorst and Dandelot (1970), 
Halthenorth and Diller (1977) and Kingdon et al. (2013). 
Identification of squirrel species was difficult and poten-
tial squirrel species occurring in the study area (fire-footed 
tree squirrel, Funisciurus pyrrhopus; Carruther's mountain 
squirrel, Funisciurus carruthersi and Rwenzori sun squirrel, 
Heliosciurus ruwenzorii) were, therefore, lumped at family 
level (Sciuridae).

Environmental and anthropogenic variables

Six environmental and anthropogenic variables were identi-
fied and collected at each camera trapping locations, includ-
ing the percentage of forest cover, the human encounter rate, 
the distance to the nearest forest edge, the distance to the 
nearest settlement, the distance to the nearest tourist trail 
(RDB 2015), and the altitude (obtained from Google Earth 
Pro version 7.3.2). Distance to forest edge, distance to next 
settlement and tourist trail were measured in QGIS (version 
3.2.3), using Google Satellites (WGS 84, UTM zone 35S, 
EPSG code: 32,735).

Data on percentage forest cover at a 30 × 30 m resolu-
tion were obtained from Global Forest Change (https:// 
earth engin epart ners. appsp ot. com/ scien ce- 2013- global- for-
est; Hansen et al. 2013), and further processed in QGIS. 
The human encounter rate was calculated using the number 
of human independent photographic events divided by the 
number of camera trapping days at each camera trapping 
location, resulting in the mean number of human events per 
day per camera trap.

https://earthenginepartners.appspot.com/science-2013-global-forest
https://earthenginepartners.appspot.com/science-2013-global-forest
https://earthenginepartners.appspot.com/science-2013-global-forest


Species richness, relative abundance and occupancy of ground‑dwelling mammals denote the…

1 3

Data analyses

Occupancy models were used to determine whether camera 
survey periods were adequate to confidently assign site-spe-
cific absences of ground-dwelling mammals in the study 
area. Based on species-by-sampling-unit incidence matri-
ces, species accumulation curves were constructed using the 
‘specaccum’ function in the ‘vegan’ package in R (Develop-
ment Core Team 2018; Oksanen et al. 2019). The Mao Tau 
estimator, also known as the ‘exact’ method, was chosen to 
create the expected species accumulation curves. Smoothed, 
rarefied species accumulation curves were finally obtained 
as the cumulative number of detected species (mean and 
95% CIs) plotted against the respective sampling effort in 
each forest fragment.

Naïve occupancy (ψ0) was calculated as the ratio of cam-
era trapping locations at which a target species was detected 
to the total number of operational locations. For each spe-
cies, the relative abundance index was established at each 
trapping location by dividing the number of independent 
photographic events by the total number of camera trapping 
days, multiplied by 100 (i.e., the number of events per 100 
trapping days). To test the species-specific differences in 
the relative abundance index between Gishwati and Mukura 
Forests, a Brunner–Munzel test (Brunner and Munzel 2000) 
was applied using 'brunner.munzel.test' function in the R 
package 'lawstat' (Gastwirth et al. 2020).

To test whether the relevant environmental and anthropo-
genic variables affected the detectability (p) and occupancy 
(ψ) of frequently detected species, as well as to estimate the 
relevant p and ψ, a single-species, single-season occupancy 
model was applied for the detected species (> 10 independ-
ent photographic events) with maximum likelihood estima-
tion using the logit link function of the ‘unmarked’ package 
in R (Development Core Team 2018, Fiske and Chandler 
2019).

Some environmental and anthropogenic variables 
included in our modelling approach were significantly cor-
related (i.e., distance to nearest forest edge and distance to 
nearest settlement in Gishwati Forest: r = 0.93, P < 0.001; 
distance to nearest forest edge and percentage forest cover in 
Mukura Forest: r = 0.44, P = 0.02; distance to nearest forest 
edge and altitude in Mukura Forest: r = − 0.43, P = 0.02; 
and distance to nearest tourist trail and human encounter 
rate in Mukura Forest: r = − 0.41, P = 0.03; Spearman rank 
correlation). To ensure independence of site-specific covari-
ates and to simplify the occupancy model structure, the six 
environmental and anthropogenic variables were, therefore, 
z-transformed (mean = 0 and SD = 1) and subjected to a fac-
tor reduction procedure (Principal Components Analysis, 
PCA). PCAs were conducted using the ‘psych’ and ‘facto-
extra’ packages in R (Revelle and Revelle 2015; Kassambara 
and Mundt 2017). The resulting principal components (PCs) 

were used as the site-specific covariates in our occupancy 
models. Prior to model construction, camera trapping efforts 
were aggregated into 10-day sampling survey periods (i.e., 
Gishwati Forest: 20 ten-day survey periods, Mukura For-
est: 13 ten-day survey periods), to enhance the detection 
probability and to aid occupancy estimates by stabilising 
the detectability of each species, particularly if they were 
only sporadically detected. This approach implies that our 
reported detection probabilities represent the likelihood a 
species was detected within a 10-day sampling period.

Subsequently, a common set of models were applied for 
each detected species. In the basic null model p(۔)ψ(۔)—
which was used as the reference model—detectability and 
occupancy were fixed, meaning that they were not altered by 
any covariate. A series of occupancy models were built to 
estimate the detectability (p) with all possible combinations 
of site-specific PCs and compared with the Akaike Informa-
tion Criterion (AIC; Akaike 1974). Any model with a 
∆AIC < 2 was considered to have support. If strong similari-
ties among the top-ranked models were detected, a model 
averaging process was applied using the ‘MuMIn’ package 
in R (Barton and Barton 2020). We used Nagelkerke’s 
R-squared index to quantify the explanatory power of each 
model (Nagelkerke, 1991). The relative importance of the 
averaged model parameters was computed using the ‘AIC-
modavg’ package in R (Mazerolle 2019). After estimating 
p, another set of occupancy models were conducted to deter-
mine the significant occupancy-related covariates and to 
estimate the parameters for ψ. Within these models the best 
supported detection probability model was incorporated, and 
a final model selection and averaging procedure was per-
formed among all models. The estimated ψ and p, their 
standard errors (SE) and 95% CIs were back transformed and 
expressed as a continuous value (ranging from 0 to 1) using 
the logit link functions. For model validation, we applied the 
MacKenzie and Bailey goodness-of-fit test to the most com-
plex global model, using 1000 bootstrap simulations (Mac-
Kenzie and Bailey 2004).

Results

Camera trapping effort and species richness

Of the 64 camera traps, three were stolen from the Mukura 
Forest trapping grid. The 61 remaining camera traps 
amounted to a total sampling effort of 2704 days (mean 
per location: 85 days, range: 31–98 days) for Gishwati 
Forest and 2050 days (mean per location: 71 days, range: 
62–133 days) for Mukura Forest. The sampling effort in 
Gishwati Forest yielded a total of 254 independent pho-
tographic events of eight medium- to large-sized, ground-
dwelling mammals, while that of Mukura Forest yielded a 



 P. Sun et al.

1 3

total of 93 independent photographic events of six species 
(Table 1, Fig. 2). Two species detected in Gishwati Forest, 
i.e., chimpanzee and the African palm civet (Nandinia bino-
tata) were not detected in Mukura Forest. The list of species 
detected during this study did not match the expected num-
ber and taxa (Musabyimana 2014; RoR 2014; RDB 2015; 
Kisioh 2015), with less species detected and no new species 
discovered. Moreover, humans were recorded on 29 inde-
pendent photographic events obtained from 14 camera trap-
ping locations in Gishwati Forest (average human encoun-
ter rate: 0.01, i.e., one human encounter in 100 days), and 
on 177 independent photographic events from 11 locations 
in Mukura Forest (average human encounter rate: 10.7). 
Numerous small-sized, unidentified rodents (superfamily: 
Muroidea) as well as 11 bird species were also recorded 
in both forests but not included in the analyses (Table S1). 
Rarefied species accumulation curves for each forest were 
plotted against the number of camera trapping locations 
(Fig. 3a) and against the number of camera trapping days 
(Fig. 3b), indicating that the camera trapping effort was suf-
ficient to capture most, if not all, medium- to large-sized, 
ground-dwelling mammals present in Gishwati–Mukura NP.

Relative abundance

In general, most of the detected species had a higher relative 
abundance index (i.e., were more frequently encountered) in 
Gishwati Forest than in Mukura Forest (Fig. 4). Emin's giant 
pouched rat was the most frequently recorded species in both 
forests and no significant difference in the relative abundance 
index was observed between the two forests (Brunner–Mun-
zel test: BM = − 0.13, df = 55.12, P = 0.89; Fig. 4). L'Hoest's 
monkey was the second-most frequently encountered species 
in Gishwati Forest, while in Mukura Forest it was the least 
commonly recorded mammal (Fig. 4) and the relative abun-
dance index was higher in Gishwati than in Mukura Forest 

(Brunner–Munzel test: BM = − 7.80, df = 31.97, P < 0.001). 
The relative abundance index of servaline genet in Gishwati 
Forest was three times higher than that of Mukura Forest 
(Brunner–Munzel test: BM = − 2.83, df = 52.24, P = 0.01; 
Fig. 4), while that of squirrel species was seven times higher 
(Brunner–Munzel test: BM = − 3.04, df = 54.00, P < 0.01; 
Fig. 4). No difference in the relative abundance index was 
found between the two forests for side-stripped jackal (Brun-
ner–Munzel test: BM = − 0.25, df = 58.90, P = 0.81) and ser-
val cat (Brunner–Munzel test = − 0.07, df = 55.25, P = 0.94).

Site‑specific covariates (principal components)

The PCA analysis condensed six environmental and anthro-
pogenic variables from Gishwati Forest into two PCs with an 
eigenvalue > 1.0, cumulating 61% of the total variance. PC1 
received high factor loadings from forest cover, distance to 
forest edge and distance to settlement (Table 2), indicating 
that dense forest canopy cover was located far from settle-
ments and the forest edge. PC2 received high factor loadings 
from distance to trail, human encounter rate and altitude 
(Table 2), suggesting areas far from tourist trails at high ele-
vations that encountered a high degree of human activities. 
For Mukura Forest, the PCA condensed the same six vari-
ables into three PCs with an Eigenvalue > 1.0, cumulating 
73% of the total variance. PC1 received high factor loadings 
from forest cover, distance to forest edge and distance to the 
nearest tourist trail (Table 2), indicating that dense canopy 
cover was located far from the forest edge but close to tour-
ist trails. PC2 received high factor loadings from the human 
encounter rate and altitude (Table 2), suggesting high eleva-
tion areas encountered more human activities. PC3 received 
high factor loadings from forest cover and distance to settle-
ment (Table 2), suggesting that areas with dense forest cover 
were located far from the next settlement.

Table 1  Vernacular and scientific name, trophic guild, the number of 
occupied camera trapping locations, the number of independent pho-
tographic events (IPEs), and naïve occupancy (ψ0) for each medium- 

to large-sized, ground-dwelling mammal species detected in the Gish-
wati–Mukura NP (Gishwati Forest: GF, Mukura Forest: MF)

Vernacular name Scientific name Functional guild Occupied loca-
tions

IPEs ψ0

GF MF GF MF GF MF

L'Hoest's monkey Allochrocebus l ‘hoesti Omnivore 22 1 60 1 0.69 0.03
Chimpanzee Pan troglodytes Omnivore 8 – 16 – 0.25 –
Serval cat Leptailurus servalina Carnivore 9 8 16 11 0.28 0.28
Servaline genet Genetta servalina Carnivore/ Omnivore 16 8 30 6 0.50 0.28
Side-stripped jackal Canis adustus Omnivore 6 5 17 6 0.19 0.17
African palm civet Nandinia binotata Omnivore 2 – 1 – 0.06 –
Squirrel spec Funisciurus carruthersi, 

Heliosciurus ruwenzorii
Omnivore/Herbivore 14 3 28 3 0.44 0.10

Emin's giant pouched rat Cricetomys Emini Omnivore 19 16 87 62 0.59 0.55
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Fig. 2  Medium- to large-sized, ground-dwelling mammal species detected in Gishwati–Mukura NP: A L'Hoest's monkey, B Eastern chimpan-
zee, C side-stripped jackal, D serval cat, E African palm civet, F servaline genet, G squirrel species, H Emin's giant pouched rat
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Occupancy modelling

Seven and 15 species-specific occupancy models were ini-
tially conducted for each species detected in Gishwati and 
Mukura Forest, respectively. Models were ranked accord-
ing to their Akaike’s Information Criterion (AIC) value and 

model weight, and models with an ∆AIC < 2 were consid-
ered as competitive to the top model (∆AIC = 0; Supple-
mentary Information Table S2, S3). The top-ranking model 
for L'Hoest's monkey in Gishwati Forest was determined 
as the best fit model (∆AIC = 0; model weight = 0.55; 
R-square index: 0.37; Supplementary Information Table S2). 

Fig. 3  The rarefied species 
accumulation curves plotting 
the cumulative number of 
detected medium- to large-
sized, ground-dwelling mam-
mals against A camera trapping 
locations and B camera trapping 
days in Gishwati Forest (black) 
and Mukura Forest (grey). 
The Mao Tau estimate (‘exact’ 
method) was applied to find the 
expected mean species richness 
(dotted lines). Error bars indi-
cate the lower and upper bounds 
of the 95% confidence intervals
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MacKenzie and Bailey goodness-of-fit test revealed the 
global model to have no lack of fit and no overdispersion 
(chi-squared test: χ2 = 2231.21, P = 0.24, overdispersion 
parameter ĉ = 1.02). For all other species, a model averaging 
procedure was applied to all subset models with a ∆AIC < 2 
(Supplementary Information Table S2, S3). Due to the 
overall low detectability, we omitted occupancy analysis of 

serval cat and African palm civet in Gishwati Forest, and 
L'Hoest's monkey, serval cat, genet species, side-stripped 
jackal and the squirrel species in Mukura Forest. The detect-
ability of L'Hoest's monkey and squirrel species in Gish-
wati Forest, was positively influenced by the site-specific 
covariate PC2 (high-positive factor loadings from distance to 
tourist trail, human encounter rate, and altitude), indicating 
higher detectability in areas far from the nearest tourist trail, 
at high altitudes and with high presence of humans (Table 3). 
The detectability of all other species was not affected by any 
environmental or anthropogenic PC (Table 3). Moreover, 
the occupancy of all species was not affected by any envi-
ronmental or anthropogenic PC (Table 3). The estimated 
detectability and occupancy, their standard errors and the 
95% confidence intervals for each species are presented in 
Table 3.

Discussion

Compared to the neighbouring Nyungwe NP (30 mam-
mal species; Chao 2008) and Mgahinga NP (27 mammal 
species; Erickson Wilson 1995), Gishwati–Mukura NP 
revealed a low species richness of medium- to large-sized, 
ground-dwelling mammals. Out of a total of 32 expected 
species, only eight (2 primates, 4 carnivores, 2 rodents) were 

Fig. 4  Median relative abundance index for all medium- to large-sized, ground-dwelling mammals detected in Gishwati and Mukura Forest. 
Error bars indicate the Inter Quartile Range (25th and 75th percentile of the distribution)

Table 2  Results of principal component analysis (PCA), condens-
ing six environmental and anthropogenic variables (i.e., forest cover: 
percentage of forest cover; distance to forest edge; distance to near-
est settlement; distance to nearest tourist trails; human encounter rate; 
altitude) from Gishwati and Mukura Forests into two and three princi-
pal components (PCs), respectively

PC loadings > 0.45 are shown in bold font type

Variables Gishwati Forest Mukura Forest

PC1 PC2 PC1 PC2 PC3

Eigen value 2.10 1.55 1.59 1.42 1.30
Proportion variance (%) 35 26 27 24 22
Forest cover 0.49 0.43 0.48 − 0.01 0.56
Distance to forest edge 0.94 − 0.13 0.81 − 0.35 0.01
Distance to settlement 0.93 − 0.15 − 0.06 0.04 0.93
Distance to trail − 0.27 0.59 − 0.76 − 0.21 − 0.08
Human encounter rate − 0.07 0.59 0.25 0.79 0.28
Altitude 0.11 0.79 − 0.26 0.80 − 0.19
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recorded in Gishwati Forest, and six (1 primate, 3 carni-
vores, 2 rodents) in Mukura Forest, neither including any 
ungulate species nor their large predators (Table 1). We 
attribute this result to the fact that Gishwati–Mukura NP 
lies in one of the most densely populated areas of Rwanda, 
where a growing human population has led to unsustain-
able agricultural practices, reduced crop yields and thus 
starvation (Kisioh 2015). Forest-adjacent communities 
were driven to seek out alternative livelihoods, resulting 
into increasing pressure on natural forests resources such 
as land for agriculture, bushmeat, or other types of resource 
extraction (Plumptre and Bizumuremyi 1996; Kisioh 2015). 

The growing off-take of larger herbivores, such as duikers 
(Cephalophus spp.), bush pig (Potamochoerus larvatus), or 
forest buffalo (Syncerus caffer nanus), resulted eventually 
into their local extinction and inevitably led to the loss of 
their predators. However, this does not explain the absence 
of meso-predators such as the Africa civet, honey badger 
(Mellivora capensis) or mongooses (Herpestidae) although 
they were likely to occur in the National Park (Erickson 
Wilson 1995; Chao 2008; Kisioh 2015; RDB 2015; REM 
2015). The absence of some meso-predators might be attrib-
uted to the possibility that some generalist species may be 
more prevalent in anthropogenically shaped habitats such as 

Table 3  Parameter estimates of valid single-species, single-season occupancy models for Gishwati (six species) and Mukura Forest (one spe-
cies), respectively

ψ: occupancy probability; p: detectability; p(-) and ψ(-) indicate the detectability and occupancy probability without being affected by any 
site-specific covariates (PCs), RI: relative importance of the site-specific PCs. A model averaging procedure was applied to all models except 
L'Hoest's monkey in Gishwati Forest

Species ψ ± SE ψ (2.5–97.5%) p ± SE p (2.5–97.5%) Covariates Estimate SE Z P RI

Gishwati Forest
 L'Hoest's monkey 1.00 ± 0.10 0.00–1.00 0.27 ± 0.03 0.21–0.34 p(PC2) 0.46 0.13 3.54  < 0.001 −

ψ(PC1) 24.70 35.2 0.70 0.48 −
 Chimpanzee 0.31 ± 0.10 0.15–0.54 0.16 ± 0.05 0.09–0.28 ψ(−) − 0.73 0.52 1.41 0.16 −

p(−) − 1.72 0.39 4.40  < 0.001 −
p(PC2) 0.12 0.27 0.45 0.65 0.26
p(PC1) 0.04 0.13 0.34 0.74 0.19
ψ(PC2) 0.08 0.24 0.32 0.75 0.19

 Servaline genet 0.79 ± 0.20 0.26–0.97 0.10 ± 0.03 0.05–0.18 ψ(−) 1.31 1.20 1.09 0.27 −
p(−) − 2.17 0.34 6.33  < 0.001 −

 Side-stripped jackal 0.23 ± 0.09 0.10–0.44 0.17 ± 0.06 0.09–0.32 ψ(−) − 1.27 0.68 1.88 0.06 −
p(−) − 1.66 0.48 3.45  < 0.001 −
ψ(PC2) 0.37 0.83 0.44 0.66 0.34
p(PC1) 0.05 0.16 0.33 0.74 0.16
ψ(PC1) 0.24 0.69 0.35 0.73 0.24
p(PC2) − 0.03 0.15 0.21 0.83 0.11

 Squirrel species 1.00 ± 0.04 0.00–1.00 0.11 ± 0.02 0.08–0.17 ψ(−) 31.21 63.70 0.49 0.62 −
p(−) − 2.75 0.33 8.43  < 0.001 −
p(PC2) 0.70 0.24 2.86 0.004 1.00
ψ(PC2) 23.78 54.18 0.44 0.66 0.53
ψ(PC1) − 2.99 9.92 0.30 0.76 0.23

 Emin's giant pouched rat 0.64 ± 0.09 0.44–0.79 0.27 ± 0.04 0.21–0.35 ψ(−) 0.57 0.41 1.37 0.17 −
p(−) − 0.98 0.18 5.39  < 0.001 −
ψ(PC1) 0.06 0.17 0.33 0.74 0.21
p(PC2) 0.04 0.12 0.31 0.76 0.19
ψ(PC2) 0.05 0.20 0.27 0.78 0.18

Mukura Forest
 Emin's giant pouched rat 0.96 ± 0.17 0.01–1.00 0.27 ± 0.05 0.19–0.37 ψ(−) 3.87 3.79 1.02 0.31 −

p(−) − 1.11 0.23 4.84  < 0.001 −
ψ(PC1) 3.14 3.15 1.00 0.32 1.00
ψ(PC3) − 3.87 2.93 1.32 0.19 1.00
p(PC1) 0.10 0.16 0.63 0.53 1.00
ψ(PC2) 0.01 0.66 0.02 0.98 0.17
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secondary forest, forest plantations or pastures and farmland 
which were not included in our study and may have, there-
fore, biased our results.

Interestingly, two threatened primate species, i.e., the vul-
nerable L'Hoest's monkey and the endangered Eastern chim-
panzee (Ukizintambara et al. 2019; Plumptre et al. 2016) 
were detected with high relative abundance in Gishwati For-
est (2.21 and 0.54, respectively; Fig. 4), but with extremely 
low abundance in Mukura Forest (0.03 and 0, respectively; 
Fig. 4). Given the absence of ungulates and their preda-
tors due to illegal hunting, it was surprising that chimpan-
zees persisted—at least in Gishwati Forest (approximately 
30 individuals; Kisioh 2015). This might be explained by 
the continuous conservation efforts in the protected area, 
but also by a taboo which prevents the Banyarwanda from 
hunting and consuming primate meat (O’Brien et al. 2014). 
The estimated occupancy of Eastern chimpanzee in Gish-
wati Forest was 0.31 (range: 0.15–0.54; Table 3) which was 
well below that established for neighbouring Nyungwe NP 
(0.69; Moore et al. 2020) or that reported from the Taï NP 
in Ivory Coast (0.5–1.0; Kalan et al. 2015). The detectability 
and occupancy of chimpanzees were not affected by any 
environmental or anthropogenic variable, indicating that 
chimpanzees were widely and equally distributed across 
Gishwati Forest, despite a strong human impact on other 
wildlife species. It, therefore, appears that the flagship spe-
cies is well protected in Gishwati–Mukura NP—at least in 
Gishwati Forest—and that Rwanda met the 2020 National 
Biodiversity Strategy and Action Plan target, i.e., to pre-
vent the extinction and to improve the conservation status 
of this endangered primate in the National Park (RoR 2016). 
One could further argue that the higher richness and rela-
tive abundance of ground-dwelling mammals in Gishwati 
Forest, compared to that observed in Mukura Forest, could 
be attributed to lower poaching rates and the presence of 
chimpanzees, suggesting that the flagship species concept in 
Gishwati Forest was—at least to a certain degree—effective. 
By contrast, in Mukura Forest more ground-dwelling mam-
mal species became extinct since here the flagship species 
concept did not fit (since time immemorial chimpanzees did 
not occur in Mukura Forest, although it can be assumed that 
chimpanzees once occurred in the area, i.e., long before the 
flagship species concept was formulated).

A similar situation was observed for L'Hoest's monkey, 
beside chimpanzee the only ground-dwelling primate sur-
viving in Gishwati–Mukura NP. The estimated occupancy 
of L'Hoest's monkey was 1.00 (Table 3), suggesting that the 
species appears to be common in Gishwati Forest. How-
ever, this result had a low confidence and should thus be 
viewed with caution. The detectability of L'Hoest's monkey 
was positively related to the distance of the nearest tour-
ist trail, to altitude and to human encounter rate, implying 
that these primates occur in remote areas at high altitudes, 

but with high human presence. Since human disturbance 
by local communities (i.e., mainly hunting, tree cutting, 
and gathering firewood; RDB 2015), is high throughout the 
protected area, avoiding humans becomes increasingly diffi-
cult, at least during daytime. At night, local farmers reported 
increased crop raiding by ground-dwelling primates, assert-
ing that about 10–20% of their crops were raided by either 
primate species (Mc Guinness and Taylor 2014). Given this 
considerable loss of income, it appears even more surprising 
that both ground-dwelling primates were so well protected, 
while other crop-raiding species, such as ungulates, were 
completely extirpated, which might be also linked to cultural 
values, such as the taboo of consuming primates.

The most shocking result of our study was the non-detec-
tion, of larger herbivore species, such as duikers or pigs. 
The role of large herbivores as browsers, seed dispersers and 
producers of food for higher trophic levels, makes them a 
key part of the ecosystem and changes in their abundance or 
occupancy have severe knock-on effects on other ecological 
functions within the ecosystem (Kumpel et al. 2008; Effiom 
et al. 2013). The loss of large- to medium–sized herbivores 
will lead to reduced seed dispersal of large-seeded, slow-
growing, and canopy-forming tree species (Harrison 2011; 
Abernethy et al. 2013) and may thus cause changes to fruit 
availability, the carbon storage capacity of the forest, and 
will eventually impede forest biodiversity and the ecosys-
tem’s resilience to flood and fire (Chanthorn et al. 2019). 
During the Clinton Global Initiative meeting in September 
2008, Rwanda’s President Kagame stated: “We are creating 
a 'forest of hope' that transcends the restoration of biodiver-
sity—it is about the people of Gishwati and improving their 
lives in harmony with nature. We are determined to reverse 
the history of human-induced environmental abuse in the 
Gishwati area.” Following the presidential appeal and the 
declaration of the Gishwati–Mukura NP in February 2016, 
the Gishwati Area Conservation Program, the ‘Great Ape 
Trust of Iowa’ and ‘Earthpark’ lined up to make the National 
Park a forest of hope for the endangered chimpanzee. The 
Eastern chimpanzee was proclaimed the flagship species of 
the newly established National Park, and it was anticipated 
that through the continued conservation of chimpanzees and 
their habitat other wildlife would also benefit. However, this 
was not the case since both, large carnivores, and their prey 
species, encountered a continued population decline or were 
unable to recover. Instead of supporting the recovery of all 
forest organisms through earnest law-enforcement—i.e., 
the complete deterrence of illegal hunting—the prioritiza-
tion of the flagship species (and other primates) resulted in 
the neglect of other mammalian wildlife, leading eventu-
ally into the demise of entire functional guilds. Given this, 
the new National Park should be rather labelled a ‘depleted 
forest’ (sensu Bruce et  al. 2017), or when considering 
only Mukura Forest, classified as an ‘empty forest’ (sensu 
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Redford 1992; Wilkie et al. 2011; Harrison 2011). Both, 
theory (Wiens et al. 2008) and empirical research (Ozaki 
et al. 2006; Laub and Budy 2014) proposed that it might be 
dubious to consider a single species representing the habitat 
requirements of all sympatric organisms, especially if the 
conservation goal is solely targeted at preserving one high-
profile species like the chimpanzee (Lambeck 1997; Caro 
and Doherty1999). Despite the extensive use of the flagship 
species concept in conservation, its usefulness is subject to 
extensive debate (Andelman and Fagan 2000; Roberge and 
Angelsteam 2004; Shen et al. 2020; McGowan et al. 2020), 
often described as being successful (Collins et al. 2011; Li 
and Pimm 2016; Thornton et al. 2016), but also branded 
to be futile (Caro et al. 2004; Ozaki et al. 2006). Such an 
ambiguity was refuted by our study, clearly demonstrating 
that the use of chimpanzee as a flagship species for the newly 
established Gishwati–Mukura NP was ineffective.

Furthermore, our study revealed side-stripped jackal, ser-
val cat and servaline genet to be the most detected and the 
most widely distributed carnivore species in the park. Other 
anticipated carnivore species (e.g., leopard, Panthera pardus 
or African golden cat, Caracal aurata; Musabyimana 2014; 
RoR 2014; RDB 2015; Kisioh 2015) were not detected at all. 
The relatively high detectability (0.17, 95% CI 0.09–0.32) 
and occupancy (0.23, 95% CI 0.10–0.44) of jackals in Gish-
wati–Mukura NP and the absence of any environmental or 
anthropogenic impact on their distribution (Table 3), sug-
gests that jackals are moderately abundant, benefiting from 
the human presence in and around the National Park. This 
finding is in line with previous studies on black-backed 
jackal (Canis mesomelas) in Botswana (Gusset et al. 2009; 
Van der Weyde et al. 2018) and Namibia (Fink et al. 2020), 
which described distance to human settlements and the avail-
ability of anthropogenic discard to be the best predictors of 
their occupancy and/or detectability. Furthermore, our study 
revealed the occupancy of servaline genet to reach from 0.26 
to 0.97 (Table 3), but no relationship between detectability 
or occupancy and any environmental or anthropogenic vari-
able was unravelled (Table 3), suggesting that human dis-
turbance occurs in large parts of the park and that servaline 
genets benefit—or at least do not suffer—from human activi-
ties in the park. Findings reported for large-spotted genets 
(Genetta tigrina) from South African farmlands (occupancy: 
0.72–0.73; Ehlers Smith et al. 2018) or common genets 
(Genetta genetta) from Kenyan rangelands (occupancy: 
0.6–0.8; Schuette et al. 2013)—where occupancies were 
similar to those observed in the study area—suggest that 
genets benefit from the human presence and the loss of large 
predators. Generally, the loss of large predators leads to fur-
ther knock-on effects in the trophic cascade which in turn 
promotes the revival of small- to medium-sized predators 
and allows them to disperse and flourish in a variety of hab-
itats—a phenomenon known as the meso-predator release 

(Crooks and Soulé 1999; Schuette et al. 2013; Wang et al. 
2015). This phenomenon may also explain the situation in 
Gishwati–Mukura NP, although other reasons could account 
for the high abundance of small- to medium-sized predators, 
e.g., the fact that they are generalist species with a wider 
array of food sources, as opposed to large carnivores that 
are more specialised and thus predisposed to early extinc-
tion. In contrast to the detectability revealed for side-striped 
jackal and servaline genet, the detectability of serval cat was 
expected to be increased in remote, densely vegetated areas, 
far from human settlements (Kane 2014). Such a relation-
ship was confirmed by the occupancy model for serval cat 
in Gishwati Forest (Table 3), highlighting the rather timid 
character of this feline species. However, due to the small 
sample size and thus a low detectability, the estimated occu-
pancy was insufficient to allow a robust conclusion.

Beside the squirrel species, another opportunistic 
rodent, i.e., Emin's giant pouched rat, was widely dis-
tributed in Gishwati (occupancy: 0.44–0.79; Table 3) and 
Mukura Forest (occupancy: 0.01–1.00; Table 3). These 
figures were twice as high as occupancies reported for 
Nyungwe NP (0.19–0.47), where distribution declined 
between 4 and 27% from 1997 to 2011 (O'Brien et al. 
2014), but like the occupancy (0.53–0.85) observed in 
the Udzungwa Mountains in Tanzania (Oberosler et al. 
2017). In our study, detectability and occupancy were 
expected to be high in areas close to the forest edge or 
even close to human settlements since this omnivorous 
generalist is known as an anthropophilous species, i.e., a 
species that lives near, and benefits from, human beings 
and their activities (Kingdon et al. 2013; Bruce et al. 2017; 
Oberosler et al. 2017). However, the occupancy models 
revealed that neither environmental nor anthropogenic 
variables had a significant effect on detectability and 
occupancy (Table 3), suggesting that giant pouched rats 
are not affected by humans since humans are encountered 
throughout the study area (i.e., a high human encounter 
rate). Meso-predators, such as genets, serval cats and 
jackals, are the main predators of pouched rats (Kingdon 
et al. 2013) and the high abundance of pouched rats might 
be thus indicative for a declining meso-predator popula-
tion, yet another reason to classify the National Park as 
‘depleted’ or even ‘empty’.
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