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Abstract 1 

Even though information on global biodiversity trends becomes increasingly available, large taxonomic and spatial 2 

data gaps persist at the scale relevant to planning conservation interventions. This is because data collectors are 3 

hesitant to share data with global repositories due to workload, lack of incentives, and perceived risk of losing 4 

intellectual property rights. In contrast, due to greater conceptual and methodological proximity, taxon-specific 5 

database initiatives can provide more direct benefits to data collectors through research collaborations and shared 6 

authorship. The IUCN SSC Ape Populations, Environments and Surveys (A.P.E.S.) database was created in 2005 as a 7 

repository for data on great apes and other primate taxa. It aims to acquire field survey data and make different types of 8 

data accessible, and provide up-to-date species status information. To support the current update of the conservation 9 

action plan for western chimpanzees (Pan troglodytes verus) we compiled field surveys for this taxon from IUCN SSC 10 

A.P.E.S., 75% of which were unpublished. We used spatial modeling to infer total population size, range-wide density 11 

distribution, population connectivity and landscape-scale metrics. We estimated a total abundance of 52,800 (95% CI 12 

17,577 – 96,564) western chimpanzees, of which only 17% occurred in national parks. We also found that 10% of 13 

chimpanzees live within 25 km of four multi-national “development corridors” currently planned for West Africa. 14 

These large infrastructure projects aim to promote economic integration and agriculture expansion, but are likely to 15 

cause further habitat loss and reduce population connectivity. We close by demonstrating the wealth of conservation-16 

relevant information derivable from a taxon-specific database like IUCN SSC A.P.E.S. and propose that a network of 17 

many more such databases could be created to provide the essential information to conservation that can neither be 18 

supplied by one-off projects nor by global repositories, and thus are highly complementary to existing initiatives. 19 

1. Introduction 20 

In conservation planning there is an increasing need for detailed information on the density distribution of species, 21 

population trends, and habitat suitability to support evidence-based decision-making (Schwartz et al 2018). To derive 22 

these parameters different types of data are needed across large areas, an extent that usually exceeds the scope of 23 

individual research projects. Consequently, the curation of existing data has been the focus of various databases, many 24 

of them compiling data at a global scale, such as the Global Biodiversity Information Facility (GBIF 2018), Map of 25 

Life (Jetz et al 2012), and Living Planet Index (Collen et al 2009). However, large data gaps remain regarding spatial 26 
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and taxonomic coverage and type of data, especially for Africa and the Middle East, and occurrence data are more 1 

readily available than abundance or trend data (Boakes et al 2010, Peterson and Soberón 2018, Kindsvater et al 2018).  2 

For many taxa the challenge is not necessarily that data are not available. In contrast, researchers and conservation 3 

organizations go to great lengths to collect species survey data, which requires extensive human and financial 4 

resources. However, only a fraction of these data are shared, despite their value for broad-scale and comparative 5 

analyses (Costello et al 2013). Impediments to data sharing include first and foremost a lack of perceived benefit, 6 

workload, and concern of losing intellectual property (Thessen and Patterson 2011). In addition, the amount of survey 7 

data published in the grey literature greatly exceeds that published in peer-reviewed journals (Corlett 2011). To inform 8 

conservation planning, these data need to be centralized, standardized, and quality checked, whilst assuring data 9 

collectors of their intellectual property rights (Reichman et al 2011, Thessen and Patterson 2011, Costello et al 2013).  10 

Apes are particularly well studied (Wich and Marshall 2016), and western chimpanzees (Pan troglodytes verus) are 11 

no exception, as illustrated by the IUCN Status Survey and Conservation Action Plan (Kormos et al 2003). However, 12 

the action plan stated that information available at the time was insufficient because data were only available for 13 

specific sites, and large data gaps remained. Consequently, the identification of priority areas for conservation 14 

activities was based on expert opinion (Kormos and Boesch 2003). Besides the call for filling data gaps (Kormos and 15 

Boesch 2003), conservationists and researchers saw the need of compiling available ape survey datasets and make 16 

them accessible through a platform to better inform conservation planning. 17 

The IUCN SSC Ape Populations, Environments and Surveys database (A.P.E.S.; Kühl et al 2007) was initiated in 18 

2005, and its creation was facilitated by a collaboration between the Section on Great Apes of the IUCN Primate 19 

Specialist Group, ape range country authorities, academic institutions, and conservation organizations. IUCN SSC 20 

A.P.E.S. contains geo-referenced survey data of all 14 taxa of extant great apes covering 21 of the 23 ape range 21 

countries (data not available for South Sudan, and Cabinda Province in Angola, figure 1). The database holds almost 22 

500 standardized and quality-checked datasets consisting of more than three million records, including information on 23 

abundance, density, population trends, presence-absence, and spatial distribution (as of November 2018).  24 

For western chimpanzees, data deposited in IUCN SSC A.P.E.S. have been used to predict the distribution of habitat 25 

suitability and its trends (Junker et al 2012, Jantz et al 2016), and to determine their population trend as well as 26 

geographic range (Kühl et al 2017). These assessments estimated a population decline of 80% and a range reduction of 27 
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20% within 24 years (Kühl et al 2017). As a result, western chimpanzees were uplisted to Critically Endangered by the 1 

IUCN Red List of Threatened Species (Humle et al 2016). Currently, the conservation action plan for this taxon is 2 

being updated. As various researchers and conservation organizations conducted surveys on this ape in the past 15 3 

years and shared their data with IUCN SSC A.P.E.S., we were now able to use a dataset representative of the entire 4 

range of western chimpanzees, 75% of which had not been published. For the first time, we could thus model the 5 

range-wide density distribution for this ape. We then derived information on western chimpanzees important for the 6 

update of the conservation action plan, including areas with high chimpanzee densities, or those where population 7 

connectivity has been reduced, estimated total abundance, and proportion of chimpanzees occurring in proximity to 8 

settlements and infrastructure. 9 
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1 

 2 

Figure 1. Data contained in IUCN SSC Ape Populations, Environments and Surveys (A.P.E.S.) database with spatial 3 

distribution of datasets for (a) African apes, and (b) Asian apes. 4 

 5 
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2. Methods 1 

2.1. IUCN SSC A.P.E.S. database 2 

The IUCN SSC A.P.E.S. database currently holds 498 survey datasets contributed by more than 200 conservation 3 

scientists, wildlife authorities, and non-governmental organizations. A dataset is defined as a set of data that was 4 

collected for a specific area and time period. Datasets had been collected as part of single or repeated surveys, and 5 

range from small scale (20 km
2
) to large areas, or even entire countries. The database stores different types of data that 6 

are standardized and quality-checked, including point and reconnaissance survey data that can be used to determine 7 

presence and absence, line transect data which are the basis for density estimates, and camera trap data. IUCN SSC 8 

A.P.E.S. also holds 280 abundance polygons, meaning abundance estimates for various resource management areas 9 

such as protected areas or resource concessions. The available data also include 24 spatial layers, for example, species 10 

density distribution and range layers, abundance layers, and suitable ecological conditions layers. Additionally, IUCN 11 

SSC A.P.E.S. contains nest decay datasets, which are needed to convert counts from ape nest surveys into individual 12 

ape density and abundance estimates. Most datasets not only include sightings of the ape taxa targeted in the survey, 13 

but also include phenology of ape food plants, records of other taxa, human signs, and records of covariates such as 14 

vegetation type and slope. Furthermore, the database stores 950 publications and reports, of which 280 are unpublished 15 

field survey reports. For this study we used 58 chimpanzee nest count surveys and nest decay datasets, only 13 of 16 

which had been published to date (figure 1, table S1). 17 

2.2. Modeling chimpanzee density distribution 18 

We followed a commonly used procedure to predict ape density distributions (Murai et al 2013, Wich et al 2016, 19 

Strindberg et al 2018, Voigt et al 2018). Specifically, we first fitted a full model to establish the relationship between 20 

chimpanzee densities and several social-ecological predictor variables, and then predicted chimpanzee density 21 

distribution based on multi-model inference (Burnham and Anderson 2002). 22 

The response variable in the full model was the number of nests per transect with a sample size of 17,109 transects 23 

and a total survey effort of 10,929 km, covering all western chimpanzee range states (figure 1a). For the model output 24 

to directly express number of individuals per km
2
 and to account for varying transect lengths, we included an offset 25 

term comprising transect length, effective strip width, proportion of nest builders, nest production rate, and nest decay 26 

time (details Supplementary Material). We then extracted 20 predictor variables for each transect using publicly 27 
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available satellite and aggregated household-survey data which approximate known drivers of chimpanzee density 1 

including both environmental variables and anthropogenic pressure (details in table S2 and table S3). We originally 2 

started with a model comprising the same predictors used in an earlier study to identify drivers of chimpanzee densities 3 

(Heinicke et al 2019), but the initial evaluation of the derived density distribution revealed an underestimation of 4 

chimpanzee densities for protected areas. We therefore added ‘protected area’ as a binary predictor, meaning whether 5 

the midpoint of a transect was within the boundaries of a protected area designated as ‘national park’ or IUCN 6 

category I or II based on data from the World Database of Protected Areas (UNEP-WCMC and IUCN 2017). For the 7 

full model (table S4), we fitted a Generalized Linear Mixed Model (Baayen 2008) with a negative binomial error 8 

distribution (Hilbe 2011). Details on model implementation, namely spatial autocorrelation, random effects, check for 9 

multicollinearity and overdispersion can be found in the Supplementary Material.  10 

We then extracted all predictors across the entire range of western chimpanzees by deriving a grid with a resolution 11 

of half a minute (ca. 0.9 km) and identifying the coordinates of each cell center. The total area was approximately 12 

523,000 km
2
. For each cell we extracted, processed and transformed the predictors using the same procedure and 13 

parameters as for the transect data (table S3). 14 

To avoid nuisance parameters, namely parameters with an overestimated contribution, and model selection 15 

uncertainty, we based the range-wide density prediction on qAICc-weighted multi-model inference (Burnham and 16 

Anderson 2002). Specifically, we first derived all possible models on the basis of the test predictors (5824 models). Six 17 

of those models did not converge, and we used the remaining 5818 models to derive a density prediction for each grid 18 

cell (n=620,043 cells) for the year 2015. These predictions were made in link space and weighted by the corresponding 19 

models' qAICc, summed for each cell, and were finally exponentiated to produce chimpanzee densities (Cade 2015). 20 

We calculated 95% confidence intervals based on non-parametric bootstrapping (n=1,000) with the sampling units 21 

being the datasets (Manly 1997).  22 

2.3. Identifying populations and low-connectivity areas 23 

To estimate where connectivity between chimpanzee populations might be reduced, we first identified grid cells 24 

with a high likelihood of chimpanzee presence based on modeled chimpanzee density and expert opinion (details in 25 

Supplementary Material). We then determined patches of connected presence cells. Cells were iteratively assigned to 26 

the same patch when they were within a threshold distance or connected via cells separated by no more than the 27 
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threshold distance. There is little information for dispersal distances between chimpanzee communities, for example 1 

when females transfer from their natal group. Published maximum daily travel distances range from 9 km in rainforest 2 

habitat (Herbinger et al 2001) to 16 km in drier habitat (Humle et al 2011), and may be larger in very dry areas where 3 

chimpanzees have larger home ranges (Pruetz 2018). However, this is likely only the case within suitable habitat and 4 

in the absence of barriers such as areas densely populated by humans. As this is a broad-scale analysis, we did not 5 

account for conditions between presence cells. Therefore, we present three scenarios for possible dispersal distances, 6 

namely 5 km, 15 km, and 25 km, to identify areas where connectivity might be low or be reduced in the near future in 7 

case of land-use change or increase of other threats. 8 

2.4. Spatial distribution of chimpanzees in relation to infrastructure 9 

Large-scale land-use change across West Africa is mainly driven by the expansion of agricultural areas, resource 10 

extraction, and development of associated infrastructure (Norris et al 2010, Laurance et al 2015, Edwards et al 2014). 11 

While most of the land surface has essentially been divided into mining and timber concessions, as well as areas for 12 

renewable energy production, such as hydropower plants, spatial data are not available for the entirety of the western 13 

chimpanzee range. We therefore focused on only one of these planned development projects, namely proposed 14 

“development corridors” (Laurance et al 2015), to illustrate how such developments could affect western chimpanzees 15 

if they were implemented. Development corridors center on the expansion of roads, railroads, pipelines, and ports, to 16 

improve the movement of people and goods between remote areas and urban centers. The aim is to enable rural 17 

communities’ access to markets and social services, and ultimately improve agricultural productivity, market 18 

integration, and regional trade (Weng et al 2013, Laurance et al 2015, Mulenga 2013). However, these infrastructure 19 

projects could lead to environmental damage by opening up formerly inaccessible areas and intersecting protected 20 

areas (Laurance et al 2015, Sloan et al 2017). Four corridors have been proposed for West Africa: Conakry-Buchanan 21 

(Guinea, Liberia, Sierra Leone), Dakar-Port Harcourt (Mali, Senegal), Gulf of Guinea (Côte d’Ivoire, Ghana, Liberia), 22 

and Sekondi/Ouagadougou (Burkina Faso, Ghana) (Laurance et al 2015). The recent $22.7 Mio agreement between the 23 

Economic Community of West African States and the African Development Bank to upgrade roads on the ‘Gulf of 24 

Guinea’ corridor (African Development Bank 2019) and feasibility studies for the upgrade of the Dakar-Bamako 25 

railroad on the ‘Dakar-Port Harcourt’ corridor (PIDA 2018) suggest that these developments might threaten apes and 26 

their habitat (Laurance 2018). To estimate how many chimpanzees occur in proximity to these corridors, we overlaid 27 
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the 50-km wide corridor bands from Laurance et al (2015) and Sloan et al (2017) with the modeled chimpanzee 1 

density distribution. 2 

To provide further contextual information for conservation planning we determined the proportion of chimpanzees 3 

in three habitat types based on the Global land cover dataset (Friedl et al 2010): forest (‘broadleaf forest’, ‘mixed 4 

forest’), savanna-mosaic (‘savanna’, ‘woody savanna’, ‘open shrubland’, ‘closed shrubland’), and cropland 5 

(‘cropland’, ‘cropland/natural vegetation mosaic’). We also determined the distance of each grid cell to the closest road 6 

(FAO 2005) and settlement (Esch et al 2012) to estimate how many chimpanzees live within 5 km and 10 km of roads 7 

and settlements. All analyses were implemented in R (vers. 3.4.x, R Core Team 2018). 8 

3. Results 9 

3.1. Modeled chimpanzee density distribution 10 

We estimated a total western chimpanzee abundance of 52,811 (95% confidence interval: 17,577 – 96,564), with the 11 

highest numbers in Guinea, Liberia and Sierra Leone (table 1). Densities ranged between <0.01 and 12 

6.3 individuals/km
2
. The highest densities were predicted for the Fouta Djallon highland region (figure 2). We 13 

estimated that 7.66% of western chimpanzees range in high-level protected areas (i.e., national parks and IUCN Cat I + 14 

II) as of 2015. Since then several new national parks have specifically been created for the protection of western 15 

chimpanzees, e.g., Boé and Dulombi (Guinea-Bissau), and Gola and Grebo-Krahn (Liberia), while Moyen Bafing 16 

(Guinea) is currently being created. Consequently, 8.56% of the current range is now a high-level protected area which 17 

corresponds to 16.98% of the estimated western chimpanzee population. 18 

3.2. Population connectivity analysis 19 

We estimated that there is one large chimpanzee population across the Fouta Djallon highland region and adjacent 20 

areas, extending from Senegal and Guinea-Bissau, across Guinea and Mali and into Sierra Leone (figure 3). This 21 

population comprises at least half of the remaining chimpanzees in West Africa (>33,000 individuals, details table S5). 22 

The southern population that extends from eastern Guinea across Liberia to Taï National Park in western Côte d’Ivoire 23 

comprises the remaining half of western chimpanzees (table S5). Our analysis revealed that connectivity between these 24 

two populations might be low in certain areas, specifically across the Upper Niger Basin in Guinea, and where the 25 

three countries Guinea, Liberia and Sierra Leone meet (green and blue patch in figure 3a), and in the Zone Forestière 26 
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in southern Guinea (green and red patch in figure 3b, population estimates for all scenarios in table S5 and results for 1 

additional minimum density thresholds in figure S2). 2 

3.3. Spatial distribution of chimpanzees in relation to infrastructure 3 

We estimated that 10.44% of chimpanzees lived within 25 km of the four aforementioned development corridors. 4 

The planned Dakar-Port Harcourt corridor in Senegal and Mali would intersect the northernmost distribution of 5 

western chimpanzees, while the Conakry-Buchanan corridor would intersect Outamba-Kilimi National Park and the 6 

above identified low-connectivity area at the tri-national border of Guinea, Liberia, and Sierra Leone (figure 4). 7 

Azagny and Banco National Park in Côte d’Ivoire, which still hold small chimpanzee populations, are entirely within 8 

25 km of the proposed Gulf of Guinea corridor. 9 

For further contextual information relevant for conservation planning, we estimated that 77.93% of western 10 

chimpanzees live in savanna-mosaic habitat, 16.38% in forest habitat, and 5.32% in cropland habitat. We also 11 

estimated that 38.59% of chimpanzees live within 5 km and 67.43% within 10 km of settlements, while 59.25% live 12 

within 5 km and 88.11% within 10 km of roads (figure 5). 13 

Table 1: Estimated western chimpanzee abundance by country (within geographic range delineated by IUCN SSC 14 

A.P.E.S. database). 15 

Country 
Estimated chimpanzee 

abundance (95% CI) 

% chimpanzees living in national 

parks and IUCN category I or II 

protected areas 

Guinea 33,139 (8,796 – 68,203) 12.21 

Liberia   6,050 (2,902 – 13,690) 14.22 

Sierra Leone   5,925 (1,951 – 12,668) 31.20 

Senegal   2,642 (1,077 – 13,293) 31.55 

Guinea-Bissau   1,908 (923 – 6,121) 34.45
1
 

Mali   2,029 (322 – 9,228) 10.00 

Côte d’Ivoire   1,093 (329 – 3,299) 46.92
2
 

Ghana         24 (1 – 212) 14.40 

Total 52,811 (17,577 – 96,564) 16.98 

1
 As the spatial outline of Boé and Dulombi National Parks provided by the World Database of Protected Areas is not up to date 16 

(A. Goedmakers pers. obs.), we used the outline provided by the “Instituto da Biodiversidade e das Áreas Protegidas” (Agency of 17 
Guinea-Bissau government responsible for national parks) for this calculation. 18 

2
 It is noteworthy that while this number seems high, chimpanzees have declined by more than 90% across Côte d’Ivoire including 19 

regional extinctions resulting in a strong contraction of their range (Campbell et al 2008, Kühl et al 2017). 20 
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 1 

Figure 2. Modeled western chimpanzee density distribution (within geographic range delineated by IUCN SSC 2 

A.P.E.S. database, protected area outline from UNEP-WCMC and IUCN 2017, Boé and Dulombi National Parks 3 

outline from Instituto da Biodiversidade e das Áreas Protegidas in Guinea-Bissau). For plotting purposes we truncated 4 

densities at two because <0.04% of cells had estimated values larger than two, and otherwise low density cells would 5 

not be discernible. Maps of lower and upper confidence limit are in the Supplementary Material (figure S1). 6 

 7 
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Figure 3. Scenarios for sub-populations based on three minimum distance thresholds (a) 5 km, (b) 15 km and (c) 25 km (i.e., for a larger threshold more presence 

cells are clustered to the same patch). Large patches are shown in color, smaller ones (typically less than 100 chimpanzees) in gray. (d) Areas with low population 

connectivity across all three scenarios marked (green: Upper Niger Basin in Guinea, blue: tri-national border of Guinea, Liberia, and Sierra Leone, red: Zone 

Forestière in southern Guinea). 
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Figure 4. Spatial overlap between the four “development corridors” planned for West Africa (Laurance et 

al 2015, Sloan et al 2017) and modeled western chimpanzee density distribution with estimated low 

population connectivity areas marked.  
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Figure 5. Cumulative proportion of western chimpanzees living within increasing distance to (a) “development corridors”, (b) roads, and (c) settlements. Plot 

(b) shows, for example, that 80% of western chimpanzees live less than 10 km from the nearest road.  
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4. Discussion 1 

4.1. Implications for western chimpanzee conservation 2 

As IUCN SSC A.P.E.S. provides access to a large number of ape survey datasets, many of which have 3 

not been published in peer-reviewed journals, we were able to compile a dataset representative of the 4 

entire range of western chimpanzees. For the first time, we could thus model range-wide density 5 

distribution of this taxon and derive information on chimpanzee status important for conservation 6 

planning.  7 

The analysis showed that two main populations can be distinguished (figure 3). Chimpanzees in the 8 

Fouta Djallon and adjacent areas appear to be a large population characterized by savanna-mosaic habitat. 9 

Despite challenging ecological conditions (Wessling et al 2018), chimpanzees persist here at high 10 

densities due to relatively low levels of anthropogenic threats and a high prevalence of hunting taboos 11 

(Heinicke et al 2019, Boesch et al 2017). Chimpanzees in the second largest population live in a habitat 12 

mostly characterized by rainforest. Our analysis indicated that these two populations might have low 13 

connectivity at present (figure 3). The other chimpanzee populations remaining in Côte d’Ivoire and 14 

Ghana are already completely isolated (Kühl et al 2017), and due to their small size these populations are 15 

particularly vulnerable to stochastic events, such as disease outbreaks, that can cause local extinctions 16 

(Knight et al 2016).  17 

If implemented as planned, the multi-national infrastructure projects, including development corridors, 18 

hydropower plants and powerlines, could pose multiple threats to chimpanzees (Laurance 2018). First, 19 

infrastructure development is likely to incur direct loss of chimpanzee communities, because chimpanzees 20 

cannot shift their home range to move away from disturbances as they are highly territorial (Morgan et al 21 

2018). Large-scale habitat loss can especially ensue from infrastructure developments that entail 22 

expansion of settlements and agriculture, one of the explicit objectives of development corridors 23 

(Laurance et al 2015). For example, large-scale deforestation and wide-spread hunting as a result of 24 

industrial agriculture led to strong declines of chimpanzee populations in Côte d’Ivoire and Ghana 25 

(Kormos et al 2003, Campbell et al 2008). Beyond the direct reduction in chimpanzee abundance this 26 

may also lead to loss in behavioral diversity, as even neighboring communities can differ in their 27 
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behavioral repertoire (Luncz et al 2012). Second, infrastructure expansions often carry secondary threats, 1 

especially an increase in hunting due to the arrival of more people, who potentially also do not adhere to 2 

established hunting taboos (Golden and Comaroff 2015). For example, in northern Congo the 3 

development of a logging concession with road construction and influx of workers led to a 64% increase 4 

in bushmeat supply (Poulsen et al 2009). However, a recent study of apes in Western Equatorial Africa 5 

underlined that this is context dependent, as central chimpanzee densities were significantly lower close 6 

to roads, but this effect disappeared with the presence of law enforcement (Strindberg et al 2018). Third, 7 

infrastructure projects lead to habitat fragmentation and act as dispersal barriers for a wide range of 8 

species (Laurance et al 2009). Although, chimpanzees have been observed to cross unpaved roads 9 

(Hockings et al 2015), genetic studies demonstrate that habitat fragmentation reduced chimpanzee 10 

population connectivity (Knight et al 2016, da Silva Borges 2017). A notable example is the case of 11 

Bossou, Guinea, where habitat fragmentation led to the isolation of a chimpanzee group, and there has 12 

been no female immigration from neighboring groups for the last 30 years (Matsuzawa et al 2011). What 13 

the impact on western chimpanzees will be remains to be seen and will strongly depend on the context. 14 

However, the list of potential negative impacts emphasizes the necessity to apply the mitigation hierarchy 15 

during the planning and construction of infrastructure (i.e., avoid, minimize, restore, and offset; BBOP 16 

2013).  17 

4.2. Comparison to previous estimates and data gaps 18 

Overall, our abundance estimates are in line with previous studies that estimated around 7,000 19 

chimpanzees in Liberia (Tweh et al 2015), 5,600 in Sierra Leone (Brncic et al 2015), and 17,700 in the 20 

Guinean part of the Fouta Djallon (WCF 2012). Kühl et al. (2017) compiled abundance data for 35 sites 21 

across West Africa, covering 40% of the western chimpanzee range, and estimated a minimum of 35,000 22 

chimpanzees. Our predicted abundance for Senegal is notably higher than previous estimates of 200-400 23 

which were extrapolated from small-scale surveys (Kormos et al 2003). Similarly, our estimate is higher 24 

than the 600-1,000 estimated for Guinea-Bissau, but that estimate was not based on quantitative data 25 

(Kormos et al 2003). 26 
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Modeled estimates are associated with uncertainties (figure S1) due to the possibility of missing 1 

predictors, and differences in spatial scale of different predictor datasets (table S2). Uncertainties are  2 

 3 

Figure 6. Surveyed areas and survey gaps for western chimpanzees. For each grid cell of 10x10 km we 4 

determined whether a survey was conducted in that cell. Abundance polygon is the spatial outline of an 5 

area for which an abundance estimate was available from the IUCN SSC Ape Populations, Environments 6 

and Surveys (A.P.E.S.) database. 7 

more pronounced for areas with fewer data and those that differ strongly from surveyed areas regarding 8 

predictor space coverage. While substantial data are already available for large parts of the western 9 

chimpanzee’s range, notable data gaps exist (figure 6). Identifying such gaps can inform where further 10 

surveys are needed, and shows where results are uncertain and need to be interpreted with care (see also 11 

figure S1). In particular, further field surveys are needed for Mali, for which only few data points are 12 

available. However, this is difficult due to the on-going political instability there. Considering that our 13 

estimates are significantly higher than previous estimates for Senegal and Guinea-Bissau and have large 14 

confidence intervals, more intensive and representative future surveys in these countries would be 15 

instrumental in verifying our estimates. Similarly, high densities were predicted for the Kourandou and 16 

Simandou mountain ranges in eastern Guinea, but considering that this region is very dry, densities might 17 

have been overestimated and further surveys would be needed to validate these predictions. The aim of 18 
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the model was thus to predict general patterns in chimpanzee density distribution across its range. 1 

However, its usefulness is limited at the local scale, for which site-based surveys are clearly superior. 2 

4.3. Contribution of a taxon-specific database 3 

Our study exemplifies the multi-facetted advantages of the IUCN SSC A.P.E.S. database. First, it can 4 

design data sharing policies reflecting the data sharing culture of its research field (Thessen and Patterson 5 

2011), and by building trust and collaborations with a variety of data collectors, it can compile data in 6 

greater depth and provide access to unpublished datasets for a wider community. It also provides 7 

contextual information on the data, such as ecological and anthropogenic variables. Second, IUCN SSC 8 

A.P.E.S. not only ensures data attribution to data collectors so that their efforts are credited (Thessen and 9 

Patterson 2011), but it can also provide direct benefits to data collectors, for example, by collaborating on 10 

research projects and sharing authorship. In addition, database staff can support data collectors during 11 

study design and data analysis. Third, IUCN SSC A.P.E.S. hosts different types of data which can be used 12 

to derive different population parameters, including species abundance, density distribution, population 13 

trend, population connectivity, and habitat suitability (table 2). Fourth, databases can pool expertise and 14 

technical skills to process data to be directly fed into conservation decision-making. For example, data 15 

contained in IUCN SSC A.P.E.S. had been used for a range of applications, including assessments for the 16 

IUCN Red List (e.g., Humle et al 2016, Fruth et al 2016, Maisels et al 2018), conservation action plans 17 

(e.g., IUCN and ICCN 2012, IUCN 2014), CITES, UNEP, and funding organizations (e.g., GRASP and 18 

IUCN 2018). Fifth, due to their knowledge of the field, database staff can also convey contacts to relevant 19 

experts and thereby improve information flow between different stakeholders, for example for the 20 

verification of study results. Thereby, research efforts can be streamlined and duplication avoided. Lastly, 21 

funders and journals increasingly require that research results are made publicly available. Accordingly, 22 

study results based on IUCN SSC A.P.E.S. data are also stored in the database (table 2). IUCN SSC 23 

A.P.E.S. thus enables a two-way information and knowledge exchange and functions as an intermediary 24 

to bridge the gap between stakeholders collecting data and those basing their research or decision-making 25 

on that data. 26 
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Taxon-specific databases already exist for different taxonomic groups and regions, for example the 1 

North American Breeding Bird Survey (Sauer et al 2013), African Elephant Database (Thouless et al 2 

2016), Biological Records Centre in the UK (Pocock et al 2015), or Entomofauna Germanica (Bleich et al 3 

2019). Despite their fundamental role in curating data relevant for conservation planners and policy 4 

makers, databases face severe funding shortages. We suggest that their contribution to filling data gaps 5 

for underrepresented taxa and regions needs to be recognized, and that many more databases could be 6 

established. Similar to initiatives in the biomedical sciences that set up database networks, such as 7 

bioDBnet (Mudunuri et al 2009) and BioMart Central Portal (Guberman et al 2011), a network of 8 

taxon-specific databases could be grown incrementally to complement global data repositories. Within 9 

such a network each database would pool data and expertise of the respective research field, while data 10 

users can retrieve data available across the entire network, for example, for a specific country or region. 11 

Taxon-specific databases can thus fill the niche between local data collectors and global data repositories. 12 

Table 2: Information on western chimpanzees that has been or could be derived from datasets archived in 13 

IUCN SSC A.P.E.S. 14 

type of analysis results for western chimpanzees example studies 

abundance 52,811 (17,577 – 96,564) individuals this study 

climate change to be investigated  

density distribution figure 2 this study this study 

ecosystem service provision through 

habitat protection (e.g., carbon 

storage, watershed protection, 

human cultural traditions associated 

with the habitat) 

to be investigated  

geographic range 524,100 km
2
 Kühl et al 2017 

IUCN Red List assessment Critically Endangered Humle et al 2016 

landscape-scale metrics figure 5 this study this study 

land-use across species range 
77.93% in savanna-mosaic, 16.38% in 

forest habitat, 5.32% in croplands 
this study 

population trend 
annual decline of 5.96%, decline of 

80.2% between 1990-2014 
Kühl et al 2017 
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population connectivity figure 3 this study this study 

presence estimation for individual 

grid cells 
figure 3 this study this study 

protected area coverage 
16.98% of chimpanzees occur in high-

level protected areas 
this study 

species co-occurrence to be investigated  

suitable environmental conditions 

decline of area with suitable 

environmental conditions from 1990 to 

2000  

Junker et al 2012, 

Jantz et al 2016 

survey gaps figure 6 this study this study 
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density distribution for western chimpanzees will be made available via the IUCN SSC A.P.E.S. database 1 

(http://apesportal.eva.mpg.de). 2 

 3 

References 4 

African Development Bank 2019 African Development Bank, ECOWAS, sign agreement for study on 5 

Abidjan-Lagos Corridor Highway Afr. Dev. Bank Online: https://www.afdb.org/en/news-and-6 

events/african-development-bank-ecowas-sign-agreement-for-study-on-abidjan-lagos-corridor-7 

highway-18962/ 8 

Baayen R H 2008 Analyzing linguistic data: A practical introduction to statistics using R (Cambridge: 9 

Cambridge University Press) 10 

BBOP 2013 To no net loss and beyond: an overview of the Business and Biodiversity Offsets Programme 11 

(BBOP) (Washington D.C., USA) Online: www.forest-12 

trends.org/biodiversityoffsetprogram/guidelines/Overview_II.pdf 13 

Bleich O, Gürlich S and Köhler F 2019 Verzeichnis und Verbreitungsatlas der Käfer Deutschlands 14 

Online: http://www.coleokat.de 15 

Boakes E H, McGowan P J K, Fuller R A, Chang-qing D, Clark N E, O’Connor K and Mace G M 2010 16 

Distorted views of biodiversity: spatial and temporal bias in species occurrence data PLOS Biol. 8 17 

e1000385 18 

Boesch L, Mundry R, Kühl H S and Berger R 2017 Wild mammals as economic goods and implications 19 

for their conservation Ecol. Soc. 22 36 20 

Brncic T, Amarasekaran B, McKenna A, Mundry R and Kühl H S 2015 Large mammal diversity and 21 

their conservation in the human-dominated land-use mosaic of Sierra Leone Biodivers. Conserv. 22 

24 2417–38 23 

Burnham K P and Anderson D R 2002 Model selection and multimodel inference: a practical 24 

information-theoretic approach, 2nd edition (New York, USA: Springer) 25 

Cade B S 2015 Model averaging and muddled multimodel inferences Ecology 96 2370–82 26 

Campbell G, Kuehl H, N’Goran Kouamé P and Boesch C 2008 Alarming decline of West African 27 

chimpanzees in Côte d’Ivoire Curr. Biol. 18 R903–4 28 

Collen B, Loh J, Whitmee S, McRae L, Amin R and Baillie J E M 2009 Monitoring change in vertebrate 29 

abundance: the Living Planet Index Conserv. Biol. 23 317–27 30 

Corlett R T 2011 Trouble with the gray literature Biotropica 43 3–5 31 

Costello M J, Michener W K, Gahegan M, Zhang Z-Q and Bourne P E 2013 Biodiversity data should be 32 

published, cited, and peer reviewed Trends Ecol. Evol. 28 454–61 33 

Edwards D P, Sloan S, Weng L, Dirks P, Sayer J and Laurance W F 2014 Mining and the African 34 

environment Conserv. Lett. 7 302–11 35 

Page 21 of 26 AUTHOR SUBMITTED MANUSCRIPT - ERL-106222.R2

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

A
cc

ep
te

d 
M

an
us

cr
ip

t



22 

 

Esch T, Taubenböck H, Roth A, Heldens W, Felbier A, Thiel M, Schmidt M, Müller A and Dech S 2012 1 

TanDEM-X mission—new perspectives for the inventory and monitoring of global settlement 2 

patterns J. Appl. Remote Sens. 6 061702–1 3 

FAO 2005 Roads of the World (Vmap0) Online: http://ref.data.fao.org/map?entryId=c208a1e0-88fd-4 

11da-a88f-000d939bc5d8&tab=metadata 5 

Friedl M A, Sulla-Menashe D, Tan B, Schneider A, Ramankutty N, Sibley A and Huang X 2010 Global 6 

land cover MCD12Q1, Collection 5.1, IGBP Land Cover, Boston University, Boston, MA, USA 7 

Online: http://landcover.org/data/lc/ 8 

Fruth B, Hickey J R, André C, Furuichi T, Hart J, Hart T, Kühl H S, Maisels F, Nackoney J, Reinartz G, 9 

Sop T, Thompson J and Williamson E A 2016 Pan paniscus. The IUCN Red List of Threatened 10 

Species 2016. Online: http://www.iucnredlist.org 11 

GBIF 2018 GBIF Home Page Online: https://www.gbif.org/ 12 

Golden C and Comaroff J 2015 Effects of social change on wildlife consumption taboos in northeastern 13 

Madagascar Ecol. Soc. 20 41 14 

GRASP and IUCN 2018 Report to the CITES Standing Committee on the Status of Great Apes (United 15 

Nations Environment Programme Great Apes Survival Partnership, Nairobi, and International 16 

Union for Conservation of Nature, Gland) 17 

Guberman J M, Ai J, Arnaiz O, Baran J, Blake A, Baldock R, Chelala C, Croft D, Cros A, Cutts R J, Di 18 

Génova A, Forbes S, Fujisawa T, Gadaleta E, Goodstein D M, Gundem G, Haggarty B, Haider S, 19 

Hall M, Harris T, Haw R, Hu S, Hubbard S, Hsu J, Iyer V, Jones P, Katayama T, Kinsella R, 20 

Kong L, Lawson D, Liang Y, Lopez-Bigas N, Luo J, Lush M, Mason J, Moreews F, Ndegwa N, 21 

Oakley D, Perez-Llamas C, Primig M, Rivkin E, Rosanoff S, Shepherd R, Simon R, Skarnes B, 22 

Smedley D, Sperling L, Spooner W, Stevenson P, Stone K, Teague J, Wang J, Wang J, Whitty B, 23 

Wong D T, Wong-Erasmus M, Yao L, Youens-Clark K, Yung C, Zhang J and Kasprzyk A 2011 24 

BioMart Central Portal: an open database network for the biological community Database 2011 25 

bar041 26 

Heinicke S, Mundry R, Boesch C, Amarasekaran B, Barrie A, Brncic T, Brugière D, Campbell G, 27 

Carvalho J, Danquah E, Dowd D, Eshuis H, Fleury-Brugière M-C, Gamys J, Ganas J, Gatti S, 28 

Ginn L, Goedmakers A, Granier N, Herbinger I, Hillers A, Jones S, Junker J, Kouakou C Y, 29 

Lapeyre V, Leinert V, Marrocoli S, Molokwu-Odozi M, N’Goran P K, Normand E, Pacheco L, 30 

Regnaut S, Sop T, Ton E, van Schijndel J, Vendras E, Vergnes V, Welsh A, Wessling E G and 31 

Kühl H S 2019 Characteristics of positive deviants in western chimpanzee populations Front. 32 

Ecol. Evol. 33 

Herbinger I, Boesch C and Rothe H 2001 Territory characteristics among three neighboring chimpanzee 34 

communities in the Taï National Park, Côte d’Ivoire Int. J. Primatol. 22 143–67 35 

Hilbe J M 2011 Negative binomial regression (Cambridge: Cambridge University Press) 36 

Hockings K J, McLennan M R, Carvalho S, Ancrenaz M, Bobe R, Byrne R W, Dunbar R I M, 37 

Matsuzawa T, McGrew W C, Williamson E A, Wilson M L, Wood B, Wrangham R W and Hill 38 

C M 2015 Apes in the Anthropocene: flexibility and survival Trends Ecol. Evol. 30 215–22 39 

Humle T, Boesch C, Campbell G, Junker J, Koops K, Kühl H and Sop T 2016 Pan troglodytes ssp. verus. 40 

The IUCN Red List of Threatened Species 2016. Online: http://www.iucnredlist.org 41 

Page 22 of 26AUTHOR SUBMITTED MANUSCRIPT - ERL-106222.R2

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

A
cc

ep
te

d 
M

an
us

cr
ip

t



23 

 

Humle T, Colin C, Laurans M and Raballand E 2011 Group release of sanctuary chimpanzees (Pan 1 

troglodytes) in the Haut Niger National Park, Guinea, West Africa: ranging patterns and lessons 2 

so far Int. J. Primatol. 32 456–73 3 

IUCN 2014 Regional action plan for the conservation of western lowland gorillas and central 4 

chimpanzees 2015–2025 (Gland, Switzerland: IUCN SSC Primate Specialist Group) 5 

IUCN and ICCN 2012 Bonobo (Pan paniscus): Conservation Strategy 2012–2022 (Gland, Switzerland: 6 

IUCN/SSC Primate Specialist Group & Institut Congolais pour la Conservation de la Nature) 7 

Jantz S M, Pintea L, Nackoney J and Hansen M C 2016 Landsat ETM plus and SRTM data provide near 8 

real-time monitoring of chimpanzee (Pan troglodytes) habitats in Africa Remote Sens. 8 427 9 

Jetz W, McPherson J M and Guralnick R P 2012 Integrating biodiversity distribution knowledge: toward 10 

a global map of life Trends Ecol. Evol. 27 151–9 11 

Junker J, Blake S, Boesch C, Campbell G, Toit L du, Duvall C, Ekobo A, Etoga G, Galat-Luong A, 12 

Gamys J, Ganas-Swaray J, Gatti S, Ghiurghi A, Granier N, Hart J, Head J, Herbinger I, Hicks T 13 

C, Huijbregts B, Imong I S, Kuempel N, Lahm S, Lindsell J, Maisels F, McLennan M, Martinez 14 

L, Morgan B, Morgan D, Mulindahabi F, Mundry R, N’Goran K P, Normand E, Ntongho A, 15 

Okon D T, Petre C-A, Plumptre A, Rainey H, Regnaut S, Sanz C, Stokes E, Tondossama A, 16 

Tranquilli S, Sunderland-Groves J, Walsh P, Warren Y, Williamson E A and Kuehl H S 2012 17 

Recent decline in suitable environmental conditions for African great apes Divers. Distrib. 18 18 

1077–91 19 

Kindsvater H K, Dulvy N K, Horswill C, Juan-Jorda M-J, Mangel M and Matthiopoulos J 2018 20 

Overcoming the data crisis in biodiversity conservation Trends Ecol. Evol. 33 676–88 21 

Knight A, Chapman H M and Hale M 2016 Habitat fragmentation and its implications for Endangered 22 

chimpanzee Pan troglodytes conservation Oryx 50 533–6 23 

Kormos R and Boesch C 2003 Regional Action Plan for the conservation of chimpanzees in West Africa. 24 

(Washington DC, USA: IUCN/SSC Primate Specialist Group and Conservation International) 25 

Kormos R, Boesch C, Bakarr M I and Butynski T 2003 West African Chimpanzees. Status survey and 26 

Conservation Action Plan (Gland, Switzerland and Cambridge, UK: IUCN/SSC Primate 27 

Specialist Group. IUCN) 28 

Kühl H S, Sop T, Williamson E A, Mundry R, Brugière D, Campbell G, Cohen H, Danquah E, Ginn L, 29 

Herbinger I, Jones S, Junker J, Kormos R, Kouakou C Y, N’Goran P K, Normand E, Shutt-30 

Phillips K, Tickle A, Vendras E, Welsh A, Wessling E G and Boesch C 2017 The Critically 31 

Endangered western chimpanzee declines by 80% Am. J. Primatol. 79 e22681 32 

Kühl H S, Williamson L, Sanz C, Morgan D and Boesch C 2007 A.P.E.S., IUCN SSC A.P.E.S. database 33 

Online: http://apesportal.eva.mpg.de/ 34 

Laurance W F 2018 Towards more sustainable infrastructure: challenges and opportunities in ape range 35 

states of Africa and Asia State of the apes: infrastructure development and ape conservation, ed. 36 

Arcus Foundation (Cambridge: Cambridge University Press) 37 

Laurance W F, Sloan S, Weng L and Sayer J A 2015 Estimating the environmental costs of Africa’s 38 

massive “development corridors” Curr. Biol. 25 3202–8 39 

Page 23 of 26 AUTHOR SUBMITTED MANUSCRIPT - ERL-106222.R2

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

A
cc

ep
te

d 
M

an
us

cr
ip

t



24 

 

Luncz L V, Mundry R and Boesch C 2012 Evidence for cultural differences between neighboring 1 

chimpanzee communities Curr. Biol. 22 922–6 2 

Maisels F, Bergl R A and Williamson E A 2018 Gorilla gorilla. The IUCN Red List of Threatened 3 

Species 2018. Online: http://www.iucnredlist.org 4 

Manly B F J 1997 Randomization, bootstrap and Monte Carlo methods in biology, 2nd edition (CRC 5 

Press) 6 

Matsuzawa T, Ohashi G, Humle T, Granier N, Kourouma M and Soumah A G 2011 Green Corridor 7 

Project: Planting trees in the savanna between Bossou and Nimba The chimpanzees of Bossou and 8 

Nimba Primatology Monographs ed T Matsuzawa, T Humle and Y Sugiyama (Tokyo: Springer 9 

Japan) 10 

Morgan D, Mundry R, Sanz C, Ayina C E, Strindberg S, Lonsdorf E and Kühl H S 2018 African apes 11 

coexisting with logging: Comparing chimpanzee (Pan troglodytes troglodytes) and gorilla 12 

(Gorilla gorilla gorilla) resource needs and responses to forestry activities Biol. Conserv. 218 13 

277–86 14 

Mudunuri U, Che A, Yi M and Stephens R M 2009 bioDBnet: the biological database network 15 

Bioinformatics 25 555–6 16 

Mulenga G 2013 Developing economic corridors in Africa: rationale for the participation of the African 17 

Development Bank (Tunis: African Development Bank) 18 

Murai M, Ruffler H, Berlemont A, Campbell G, Esono F, Agbor A, Mbomio D, Ebana A, Nze A and 19 

Kühl H S 2013 Priority areas for large mammal conservation in Equatorial Guinea PLOS ONE 8 20 

e75024 21 

Norris K, Asase A, Collen B, Gockowksi J, Mason J, Phalan B and Wade A 2010 Biodiversity in a forest-22 

agriculture mosaic – The changing face of West African rainforests Biol. Conserv. 143 2341–50 23 

Peterson A T and Soberón J 2018 Essential biodiversity variables are not global Biodivers. Conserv. 27 24 

1277–88 25 

PIDA 2018 Dakar-Bamako Standard Gauge Railway, Virtual PIDA Information Centre, Programme for 26 

Infrastructure Development in Africa Online: http://www.au-pida.org/view-project/939/ 27 

Pocock M J O, Roy H E, Preston C D and Roy D B 2015 The Biological Records Centre: a pioneer of 28 

citizen science Biol. J. Linn. Soc. 115 475–93 29 

Poulsen J R, Clark C J, Mavah G and Elkan P W 2009 Bushmeat supply and consumption in a tropical 30 

logging concession in northern Congo Conserv. Biol. 23 1597–608 31 

Pruetz J D 2018 Nocturnal behavior by a diurnal ape, the West African chimpanzee (Pan troglodytes 32 

verus), in a savanna environment at Fongoli, Senegal Am. J. Phys. Anthropol. 166 541–8 33 

R Core Team 2018 R: A language and environment for statistical computing, R Foundation for Statistical 34 

Computing, Vienna, Austria Online: https://www.R-project.org/ 35 

Reichman O J, Jones M B and Schildhauer M P 2011 Challenges and opportunities of open data in 36 

ecology Science 331 703–5 37 

Page 24 of 26AUTHOR SUBMITTED MANUSCRIPT - ERL-106222.R2

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

A
cc

ep
te

d 
M

an
us

cr
ip

t



25 

 

Sauer J, Link W, Fallon J, Pardieck K and Ziolkowski D 2013 The North American Breeding Bird Survey 1 

1966-2011 North Am. Fauna 1–32 2 

Schwartz M W, Cook C N, Pressey R L, Pullin A S, Runge M C, Salafsky N, Sutherland W J and 3 

Williamson M A 2018 Decision support frameworks and tools for conservation Conserv. Lett. 11 4 

e12385 5 

da Silva Borges F F 2017 A country-level genetic survey of the IUCN critically endangered western 6 

chimpanzee (Pan troglodytes verus) in Guinea-Bissau Master thesis (Porto, Portugal: University 7 

of Porto) 8 

Sloan S, Bertzky B and Laurance W F 2017 African development corridors intersect key protected areas 9 

Afr. J. Ecol. 55 731–7 10 

Strindberg S, Maisels F, Williamson E A, Blake S, Stokes E J, Aba’a R, Abitsi G, Agbor A, Ambahe R 11 

D, Bakabana P C, Bechem M, Berlemont A, Bokoto de Semboli B, Boundja P R, Bout N, Breuer 12 

T, Campbell G, Wachter P D, Akou M E, Mba F E, Feistner A T C, Fosso B, Fotso R, Greer D, 13 

Inkamba-Nkulu C, Iyenguet C F, Jeffery K J, Kokangoye M, Kühl H S, Latour S, Madzoke B, 14 

Makoumbou C, Malanda G-A F, Malonga R, Mbolo V, Morgan D B, Motsaba P, Moukala G, 15 

Mowawa B S, Murai M, Ndzai C, Nishihara T, Nzooh Z, Pintea L, Pokempner A, Rainey H J, 16 

Rayden T, Ruffler H, Sanz C M, Todd A, Vanleeuwe H, Vosper A, Warren Y and Wilkie D S 17 

2018 Guns, germs, and trees determine density and distribution of gorillas and chimpanzees in 18 

Western Equatorial Africa Sci. Adv. 4 eaar2964 19 

Thessen A E and Patterson D J 2011 Data issues in the life sciences ZooKeys 15–51 20 

Thouless C R, Dublin H T, Blanc J J, Skinner D P, Daniel T E, Taylor R D, Maisels F, Frederick H L and 21 

Bouché P 2016 African elephant status report 2016. An update from the African Elephant 22 

Database. Occasional paper of the IUCN Species Survival Commission No. 60. IUCN/SSC 23 

African Elephant Specialist group (Gland, Switzerland: IUCN) 24 

Tweh C G, Lormie M M, Kouakou C Y, Hillers A, Kühl H S and Junker J 2015 Conservation status of 25 

chimpanzees Pan troglodytes verus and other large mammals in Liberia: a nationwide survey 26 

Oryx 49 710–718 27 

UNEP-WCMC and IUCN 2017 Protected Planet: The World Database on Protected Areas (WDPA), 28 

Online Jan 2017, Cambridge, UK: UNEP-WCMC and IUCN Online: www.protectedplanet.net 29 

Voigt M, Wich S A, Ancrenaz M, Meijaard E, Abram N, Banes G L, Campbell-Smith G, d’Arcy L J, 30 

Delgado R A, Erman A, Gaveau D, Goossens B, Heinicke S, Houghton M, Husson S J, Leiman 31 

A, Sanchez K L, Makinuddin N, Marshall A J, Meididit A, Miettinen J, Mundry R, Musnanda, 32 

Nardiyono, Nurcahyo A, Odom K, Panda A, Prasetyo D, Priadjati A, Purnomo, Rafiastanto A, 33 

Russon A E, Santika T, Sihite J, Spehar S, Struebig M, Sulbaran-Romero E, Tjiu A, Wells J, 34 

Wilson K A and Kühl H S 2018 Global demand for natural resources eliminated more than 35 

100,000 Bornean orangutans Curr. Biol. 28 761-769.e5 36 

Weng L, Boedhihartono A K, Dirks P H G M, Dixon J, Lubis M I and Sayer J A 2013 Mineral industries, 37 

growth corridors and agricultural development in Africa Glob. Food Secur. 2 195–202 38 

Wessling E G, Deschner T, Mundry R, Pruetz J D, Wittig R M and Kühl H S 2018 Seasonal variation in 39 

physiology challenges the notion of chimpanzees (Pan troglodytes verus) as a forest-adapted 40 

species Front. Ecol. Evol. 6 60 41 

Page 25 of 26 AUTHOR SUBMITTED MANUSCRIPT - ERL-106222.R2

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

A
cc

ep
te

d 
M

an
us

cr
ip

t



26 

 

Wich S A and Marshall A J 2016 An Introduction to Primate Conservation (Oxford: Oxford University 1 

Press) 2 

Wich S A, Singleton I, Nowak M G, Atmoko S S U, Nisam G, Arif S M, Putra R H, Ardi R, Fredriksson 3 

G, Usher G, Gaveau D L A and Kühl H S 2016 Land-cover changes predict steep declines for the 4 

Sumatran orangutan (Pongo abelii) Sci. Adv. 2 e1500789 5 

 6 

Page 26 of 26AUTHOR SUBMITTED MANUSCRIPT - ERL-106222.R2

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

A
cc

ep
te

d 
M

an
us

cr
ip

t


