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Introduction 

 

 

Sleep is a universal factor in the health of almost every animal on Earth, affecting 

development, cognition, hormone levels, thermoregulation, metabolic regulation, and 

memory consolidation (Oswald 1980; Parmeggiani 1987; Sharma & Kavuru, 2010; 

Rasch & Born, 2013; Koops et. al. 2012). When sleep deprived, maladaptive and adverse 

effects may cause direct or indirect fitness costs stemming from the reduction of the 

reparative processes that occur during sleep. While the benefits of sleep are clear, 

sleeping also carries potential costs; sleep requires a lack of consciousness and reduces 

responsiveness to external factors like predation and other extrinsic occurrences (Fruth, 

Tagg & Stewart, 2018). Thus, the benefits of sleep and the drawbacks of increased 

riskiness lead to an evolutionary trade-off between sleeping and maintaining key bodily 

functions, and staying wakeful and guarding from external factors. To maximize and 

regulate their sleep while staying safe from external agents, animals of different taxa 

evolved different ecological and behavioral adaptations that allowed for deeper and 

longer sleeping bouts (Keene & Duboue 2018; Fruth, Tagg & Stewart, 2018).  

In primates, adaptive processes to maximize sleep include discriminatory sleeping 

site selection, careful approach and departure from sleeping sites, alterations to social 

behavior at sleeping sites, and nocturnal activities in traditionally diurnal species (Fruth, 

Tagg, & Stewart 2018; Albert, Savini, & Huynen 2011; Bidner, Matsumoto-Oda, & 

Isbell 2018, Brividoro et. al. 2019; Di Bitetti et. al. 2000). Research by Stewart and 

Pruetz (2013) shows that increased predation risk pushes chimpanzees to nest in more 

densely forested areas, in higher densities, and in areas that are more difficult to access, 
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changing ranging and behavioral patterns. Some species, like olive baboons (Papio 

anubis), are targeted by predators at night, choose sleeping sites selectively, and nest in 

larger groups to avoid predation (Bidner, Matsumoto-Oda, & Isbell 2018). Francois’ 

langurs (Trachypithecus francoisi) exhibit predator-avoidant sleeping habits of choosing 

sleeping sites on steep terrain with open fields of vision and changing pre-sleep behavior 

to be inconspicuous (Wang, Luo, & Cui 2011). These trends are further supported by 

other literature and in other primate species (Ogawa, Yoshikawa, & Idani 2014; 

Brownlow et. al. 2001; Albert, Savini, & Huynen 2011). These behavioral adaptations are 

thought to increase safety at sleeping sites, mitigate risk of predation, and shield against 

inclement or extreme weather (Anderson 2000).  

In this study, I investigate how the nesting behavior of wild eastern chimpanzees 

(Pan troglodytes schweinfurthii) at Gombe National Park, Tanzania relates to the risk of 

intergroup and intragroup aggression. Chimpanzees live in multi-male multi-female 

fission fusion communities marked by fluctuating group size and composition, aggressive 

between group interactions, and within group competition. Past research demonstrates 

that wild chimpanzees have sleeping habits that balance potential negative effects of 

predation, human activity, disease, and environmental stressors (high wind velocity, 

rainfall, and extreme temperatures) through their selection of nesting trees, sleeping site 

locations, nesting group size, and frequency of nest reuse (Ogawa et al. 2014, Samson & 

Hunt 2012, Stewart & Pruetz 2012, Watts 1998). In natural environments, chimpanzees 

nest in subgroups and in preferred areas, with frequent nighttime awakenings that include 

predator warning vocalizations (Krief et al. 2014, Pruetz 2018, Tagg et al. 2018).  
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Despite a large knowledge base centered on nesting behaviors and predation 

(McNamara et. al. 2010), there is a lack of research on the ways in which intercommunity 

risk affects nesting behavior, especially in chimpanzees. Few other primate species have 

been studied in nighttime intergroup interactions, though, those that do have varied 

patterns of inter-community contact regarding sleeping site selection and behavior. 

Black-and-gold howler monkeys (Aloutta caraya) are seen to nest more frequently in 

overlapping home ranges when neighboring groups are nearby, with these patterns 

reflecting range defense (Brividoro et. al. 2019). Baboons are seen to nest alongside 

vervet monkeys (Chlorocebus pygerythrus), leading to an increased awareness of 

leopards due to vervet monkey alarm calls (Bidner, Matsumoto-Oda, Isbell 2018). My 

study is a natural opportunity to fill this gap in chimpanzees, looking at intercommunity 

aggression and nesting sites in precisely defined neighboring groups.  

Between-group competition and predation risk are major behavioral stressors for 

wild chimpanzee home range selection and behavior, and may significantly impact 

sleeping site selection (Lemoine et. al. 2020; Lindshield 2017). Wild chimpanzees are 

known to actively defend home ranges at all long-term study sites with multiple social 

communities (Wilson 2000). Intergroup aggression can have extreme impacts on 

individual and group fitness and behavior, accounting for 30% of adult male mortality 

within 20 years at Gombe National Park, Tanzania (Goodall 1986; Wilson 2000). 

Intergroup encounters can likewise cause loss of territory, resources, lives of group 

members, and group cohesion (Wilson 2000; e.g., Nishida et al. 1985; Goodall 1986; 

Packer et al. 1988; Soltis et al. 1995; Mech et al. 1998). Studies on chimpanzee ranging 

shows that home ranges can greatly overlap with neighboring communities, leading to 
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large swaths of territory that may be considered risky for intergroup aggressive 

encounters (Wilson & Wrangham 2003). Due to this and other factors, chimpanzees 

typically spend more time in central areas of the range and actively avoid border areas 

even when food resources are just as or more abundant in these areas (e.g. Boesch & 

Boesch-Achermann 2000; Herbinger et al. 2001; Wilson 2001; Anderson et al. 2002). 

Despite patterns of infrequent use, risk is apparent in behavioral changes when 

chimpanzees travel through these areas, as chimpanzees appear tense or cautious and 

oftentimes travel in increased group sizes with more males (Bygott 1979; Boesch & 

Boesch-Achermann 2000; Watts & Mitani 2001; Bauer 1980). Intergroup aggression has 

obvious implications for chimpanzee behavior; however, these implications may differ by 

sex, especially in regard to nesting in border areas. 

Females bear higher reproductive burdens and therefore should be more risk 

averse when compared to male sleeping site selection. Chimpanzee reproductive patterns 

of long gestation and lactation periods ultimately increase time and energy burdens on 

females that limit reproductive success and population growth (Thompson 2013). 

Chimpanzees deliver fewer, larger-bodied, larger-brained infants when compared to other 

mammals and require longer periods of maternal investment including, but not limited to, 

gestation, lactation, infant carrying, grooming, and socializing. Because of the extreme 

investment and cost of caring for offspring, female chimpanzees have a more 

conservative reproductive strategy, prioritizing food resources to replace energetic costs 

of gestation, lactation, and care (Emery Thompson 2012; Wittiger & Boesch 2013). In 

order to offset these costs, females should be more risk averse to decrease both their own 
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and their infant mortality risk, and should prioritize energy acquisition for offspring 

production and maturation as well as to regain body mass to resume cycling.  

Unlike females that tend to avoid direct intergroup aggressive encounters and 

large groups, males are more antagonistic and will respond aggressively and directly 

depending on participation and group size, patrolling borders and reacting to other 

communities with hostility (Wilson 2000, Wilson & Wrangham 2003). When aggressive 

intergroup encounters occur, males oftentimes aggressively attack anestrous females with 

young offspring, targeting young offspring to kill and eat in some instances or severely 

brutalizing mothers (Goodall 1986; Bygott 1972; Watts et al. 2002). Males often target 

mothers with young infants to increase their likelihood of siring offspring, as cycling 

resumes more quickly after infanticide (Hamai et al., 1992; Palombit et al., 2000). Unlike 

females, males are reproductively limited by the number of fertilizations they can 

achieve, so forcing cycles to resume through infanticide and aggression is theoretically a 

viable adaptation to increase fitness (Wittiger & Boesch 2013). Male aggressive 

encounters with other males do not typically resolve in severe injury unless a gang attack 

occurs in which many males attack a lone individual, oftentimes resulting in severe injury 

or death (Goodall 1986; Boesch & Boesch-Achermann 2000; Manson & Wrangham 

1991).  

Intergroup aggression is not the only possible risk female chimpanzees have to 

mitigate during sleeping site selection. Due to their high reproductive costs, low 

reproductive rates, and intragroup competition, females are less likely to join larger 

groups when compared to males (Wittiger & Boesch 2013). Chimpanzees specialize on 

ripe fruit that is typically patchily distributed. As is predicted in the socioecological 
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model, decreased patchy food availability, typically during the dry season, leads to 

increased intragroup competition and is one of the drivers of changing party size. 

Increased feeding competition and stress has led to female led, within group infanticide 

and other aggressive interactions against immigrant females (e.g. Wittiger & Boesch 

2013; Murray, Wroblewski & Pusey 2007; Pusey 1980; Goodall 1986). Despite 

infanticide infrequency, it is still believed to be a strong selective pressure for females 

and has been explained by the nutritive benefits hypothesis and resource competition 

hypothesis (Murray, Wroblewski & Pusey 2007). The nutritive benefits hypothesis 

predicts that attackers kill infants to acquire important nutrients supplied in meat. The 

resource competition hypothesis predicts that infanticide is a byproduct of intragroup 

competition over space and resources, and killing infants reduces competition for said 

resources through the loss of life (Pusey, 1983; Takahata, 1985; Watts and Mitani, 2000) 

These risks are prevalent in day ranging, especially impacting female group size in times 

of food scarcity, and could influence female nesting site and sleeping group size 

preference. 

 

Study Goals and Predictions 

In this study, I investigate how chimpanzee nesting site selection and behavior 

varies by sex and intercommunity risk. Predictions are as follows: 

1. Day-time patterns of border avoidance and increased risk of intergroup aggression 

in border areas gives reason to predict that both male and female chimpanzees 

should avoid nesting in overlapping sections of community home ranges and 

instead nest in the center of the home range, even when controlling for day range. 
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2. Due to increased reproductive burdens, anestrous females should be more 

selective than males in their sleeping site selection, avoiding border areas 

altogether or nesting in groups with significantly more males.  

3. Females should nest in smaller groups overall to ward against intragroup violence 

and to decrease food competition upon waking.  

4. Females in estrous should be more flexible in their sleeping site riskiness when 

compared to anestrous females, as they do not have a higher risk of infanticide 

from extra-group males.   

5. Although still preferentially avoiding overlapping, risky areas, males will nest in 

overlapping areas in larger groups to mitigate losing intergroup encounters and 

due to day-ranging patterns of territorial defense. 
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Methods 

 

 

Subjects and Study Site 

In order to investigate sleeping site selection as it relates to intergroup and 

intragroup aggression, I analyzed long term behavioral records from wild chimpanzees 

living in Gombe National Park, Tanzania. Covering 35.7 km2, Gombe National Park is 

the smallest national park in Tanzania. Despite its small size, it is home to three 

habituated chimpanzee communities: Mitumba, Kasekela, and Kalande, with an overall 

population estimate of 89-92 individuals (Pintea et. al 2012; Wilson et. al 2020). The 

focus study groups, Mitumba and Kasekela, are the northernmost neighboring 

communities in the park and are fully habituated to human observation. These 

community home ranges are bordered by human populations to the north and Lake 

Tanganyika to the west. The habitat at Gombe is highly seasonal with a distinct wet 

season, characterized by a higher quality diet, lasting from May to October, and a dry 

season lasting from November to April.  

Gombe National Park is an unusual study site in that there are no current 

chimpanzee predators, like leopards (Panthera pardus), present in the area; predation risk 

is a key factor driving animals to live in social groups (Kie 1999; Sorato et. al. 2012). 

Currently, inter-group aggression and disease are the highest contributing factors to 

mortality in Gombe chimpanzees with at least 9 adult and 6 infant chimpanzee deaths 

recorded due to intergroup aggression between 1972-2002 and 1967-2002 (Wilson & 

Wrangham 2003, Williams et. al. 2008).  
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Data Collection 

Systematic long-term behavioral data have been collected on the central Kasekela 

community since 1974 and the northern Mitumba community since 1993. Pairs of 

Tanzanian field and expatriate researchers conduct near daily full-day follows from dawn 

to dusk on adult focal chimpanzees, collecting continuous data on focal behavior, group 

composition, including female estrous state, and location every 15 minutes. The goal of 

the long-term behavioral project is to follow each adult member at least once per month. 

For the purposes of this study, I focused on a 10-year period (2005-2014) for which data 

have been digitized for both communities and to minimize potential confounds associated 

with a longer study period, e.g., longitudinal ecological and demographic changes. These 

analyses included ranging data from both communities which were used to determine 

home ranges and community overlap (see below). However, the behavioral analyses 

focused on nesting data from the Kasekela community. Location data were collected on 

hand-drawn maps during this period and then digitized for use. Nesting group size and 

composition, including total group size, total number of males, total number of females, 

and total number of maximally tumescent females, was determined from group 

composition data at the time of nesting and unnesting. Previous research has 

demonstrated that females are more gregarious when maximally tumescent (Wittiger & 

Boesch 2013; Surbeck et. al. 2021).   

 

Home Range and Overlap 

The data set used consists of 154,814 location data points in Kasekela and 118,762 

location data points in Mitumba across ten years, including 2295 total Kasekela sleeping 



 10 

 

sites where chimpanzees unnest in the morning and nest at night. Targeted individuals were 

both male and female adults above 12 years of age. Data points were projected using 

Universal Transverse Mercator coordinate system (WGS 1984; zone 35S) in ArcGIS Pro 

and were then used to calculate home ranges, overlap, and risky nesting sites.  

To calculate each community’s home ranges in ArcGIS Pro, I used daily focal 

location points to construct a minimum convex polygon (MCP) encapsulating 100% of 

points for each community each year (2005-2014) (Vieira, Kerry, & Hockings 2019; 

Martínez-Íñigo et. al. 2021; Moore et. al. 2018). All points were included in home range 

calculations in order to encompass outlying sleeping sites in border areas or on the edges 

of a community range. I subsequently marked overlapping areas between community home 

ranges and created a buffer zone of 150 meters around these overlapping, risky areas to 

approximately account for the average error in the location data (Gilby et al. 2006).  

 

  
 

 
 

2005 2006 2007 2008 2009 
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2010 2011 2012 2013 2014 

Figure 1: Distribution of wild chimpanzee nesting sites from the Kasekela group overlayed on 100% MCP 

home range polygons for both Kasekela and Mitumba between 2005-2014. White polygons show 

community range overlap with 150 meter buffer zone. 
 

Nesting Locations Compared to Habitat Use 

In order to get a better understanding of chimpanzee sleeping site preference within 

their home range, I calculated an Anselin Local Moran's I using ArcGIS pro and GeoDa. 

Local Moran’s I measures significant clustering and outliers within a set distance. This tool 

summarizes counts of points, or ratios of points when controlling for certain variables, and 

then compares these point counts to nearby point counts within a specified distance. This 

tool therefore pinpoints clusters of similar and dissimilar values on a small, local scale that 

compares each individual group of points to surrounding groups of points. In other words, 

Local Moran’s I identifies statistically significant hot spots, cold spots, and spatial outliers 

when compared to the rest of the geographic area. Local Moran’s I is a beneficial tool 

because it runs detailed analyses at localized spatial scales instead of generalizing spatial 

patterns across the entire dataset and erasing important spatial patterns, as is seen in global 

tools.  
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In this case, I tested how nesting sites cluster across the entire Kasekela home range, 

trying to pinpoint chimpanzee nesting hot spots; that is, operationally, locations in which 

chimpanzees nest more than would be expected based on range use. Before running the 

Local Moran’s I, I prepared the data for analysis and grouped nesting points into 

tessellations, or a grid that assigns values to groups of points based off of their sum. I used 

2A/r to generate tessellation sizes in ArcGIS Pro, and used hexagons for my grid shape to 

reduce edge effects (Greig-Smith 1952). My tessellation size was 22077.3 meters. After 

creating tessellations bounded by home range size, I controlled for daily space use and 

summarized nesting point to day range ratios within the tessellation. I ran an Incremental 

Spatial Autocorrelation (ISA) test (Figure 2) on the completed quadrats to find the distance, 

or scale at which clustering is most prevalent. I ran the ISA twice with 25 and 30 distance 

bands, with my beginning distance and distant increment set to 553.1 meters, or the length 

of each hexagon in the tessellation. In both tests, the first z-score peak and the highest z-

score peak occurred at 1891.4 meters, signifying that there is spatial data clustering of 

nesting sites in the Kasekela home range. This distance, with higher degrees of clustering, 

was then used to create my distance weights matrix for a Local Moran’s I in GeoDa.  
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Figure 2: ISA test results 

showing distances where 

clustering is significant. A 

distance band of 1891.4 meters 

shows the most significant 

clustering and is therefore the 

value that will be used for the 

Local Moran’s I Weights Matrix 

in GeoDa.  

 

 

 

 

 

 

 

Nesting Group Composition, Sex, and Intercommunity Risk  

All analyses were performed in RStudio version 1.4.1717 with package lme4 

(Bates 2015). To test my predictions, I fit linear mixed models to each response variable 

(group size, total number of females, total number of tumescent females, and total 

number of males). I used all non-repeating data points over the period between 2005-

2014, with points tagged as risky (Y/N) based on GIS modeling. My first predictor 

variables included riskiness (Y/N) and season (Wet/Dry), with Focal ID as a random 

effect. Additionally, to test for intragroup aggression, I looked at group size as it is 

impacted by season (Wet/Dry) and sex (Male/Female). These models resulted in an AIC 

value, an estimated value, standard error, T value, degrees of freedom, and P-Value.  

 

  

Figure 2: ISA Test Results 
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Results 

 

 

These analyses included 2295 sleeping site locations,  76 of which were located 

within community range overlaps and therefore designated as risky.  

 

Nesting Locations Compared to Habitat Use 

The Local Moran’s I calculation showed significant clustering of nesting sites in 

the central valleys of the Kasekela community home range (Figure 3.2). This test displays 

significant preference for nesting farther from border areas, specifically away from the 

northeast and southern areas of the community home range (Figure 3.3).  

Figure 3.1 displays a Moran’s I scatterplot. The variable of interest (ratio of 

nesting sites to day range) is on the x-axis, and the standard deviation is on the y-axis. 

Nesting areas of significant interest are in the top right and bottom left quadrants and 

represent nesting areas that are highly preferred or highly disused. Nesting sites in these 

areas have positive spatial autocorrelation and are surrounded by other highly clustered or 

highly unclustered sites.  

Figure 3.2 displays the Local Moran’s I significance map with values ranging 

from not significant to a p value of less than 0.0001. There were 362 quadrats that were 

not significantly clustered or dispersed. There were 882 quadrats that had a high 

confidence of spatial autocorrelation, with either significant non-random spatial 

autocorrelation of clustering or dispersal (p = 0.05 - 0.0001).  

Figure 3.3 displays the Local Moran’s I cluster map, and spatially maps values 

from the Moran’s I scatterplot (Figure 3.1). The cluster map shows hot spots and cold 
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spots in terms of significant clustering and dispersal, and additionally shows areas that 

have no spatial autocorrelation. The cluster map is displaying values with a p-value < 

0.05.  

 

 

 

 

 

 

 

Figure 3.1: Moran’s I scatter plot showing areas of 

positive spatial autocorrelation with similar values 

neighboring each other including high-high spatial 

autocorrelation (top right) and low-low spatial 

autocorrelation (bottom left). Negative spatial 

autocorrelation, or dissimilar values neighboring 

each other, is shown with points in the high-low 

quadrant (lower right), and low-high quadrant (top 

left). 

 

 

 

 

 

Figure 3.2: Local Moran’s I significance map 

displaying areas of non-random spatial 

autocorrelation. Changes in coloration display 

changes in p-value. Darkest green quadrats display 

areas of extremely high confidence (p = 0.0001) 

while areas of light, neon green display areas of 

high confidence (p = 0.05). Gray quadrats display 

no significant spatial autocorrelation.  
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Figure 3.3: Local Moran’s I cluster map 

displaying scatter plot values (Figure 3.1) 

geographically. Red quadrats display areas of high-

high spatial autocorrelation, or higher rates of use 

for nesting sites. Blue quadrats display areas of 

low-low spatial autocorrelation, or lower rates of 

use for nesting sites and significantly less use.  

Figure 3: Local Moran's I Results 

 

Nesting Group Composition, Sex, and Intercommunity Risk 

Analyses reveal that both season and intercommunity risk are related to nesting 

group composition. Season had a significant effect in all tests run and was the most 

important predictor of number of females and number of tumescent females. Number of 

females, number of tumescent females, and number of males increased significantly in 

the wet season (p < 0.001 for all tests; Table 1), leading to an increase in overall group 

size during the wet season. Nesting sites in risky locations had significantly larger group 

sizes (p = 0.0006; Table 1). However, the number of females and number of tumescent 

females were not significantly impacted by the riskiness of the site (p = 0.7824, p = 

0.6145; Table 1). Number of males most likely swayed the significant increase of overall 

group size in risky nesting locations mentioned above, as the number of males increased 

significantly in risky areas when the number of females did not (p = 0.0011; Table 1).  
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Table 1: Model summary for analysis of risk and season in group size, number of females, number of 

tumescent females, and number of males. The reference value for risk is yes. The reference value for 

season is wet. Significance (p < 0.05) is indicated in bold.  

 

 The sample size was insufficient to test how risk and focal sex related to nesting 

group size, but a simple test of how nesting group size varies by sex revealed no 

difference. Season had a significant effect (p < 0.001), with chimpanzees sleeping in 

larger groups in the wet season. However, total nesting group size did not vary by sex (p 

= 0.84), meaning that there is no significant difference in male and female preference for 

group size across the Kasekela home range.  

 

 

Table 2: Model summary for analysis of season and sex in group size. The reference value for season is 

wet. The reference value for sex is male. Significance (p < 0.05) is indicated in bold.  
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Discussion 

 

 

The effects of competition on social behavior in wild chimpanzees has received 

considerable attention. However, less is known about how the risk of lethal aggression 

relates to nesting behavior. In this study, I investigated the social and ecological 

determinants of nesting behavior, specifically looking at spatial and statistical models 

quantifying space use, preference, and group size to better understand how risk impacts 

nesting behavior. As expected, chimpanzees were seen to preferentially nest in the center 

of the home range. However, this significance was greater than expected when compared 

to average day range usage and suggests evolutionary pressure to nest in central valleys, 

possibly because these areas are farther from neighboring communities. The areas that 

were used less often than expected based on ranging patterns correspond to the areas of 

highest potential risk in terms of intercommunity violence.  

It is interesting to note that during the study period, the southern community 

dwindled substantially in size and thus, represented a low actual risk for intercommunity 

aggression. The question remains of if chimpanzees avoid this area, and respond, based 

on perceived risk associated with boundaries or if other factors might explain less 

frequent than expected nesting behavior. Other factors that bear future study include 

ecological factors such as lack of sleeping trees, less-than-ideal sleeping conditions, or 

decreased food availability. As described in Foerster et. al. (2016), dense forests are 

located in the central and northern section of Gombe National Park, especially in valleys 

at lower elevations. The eastern side of the park, near border areas, generally have fewer 

trees, with higher elevation and grasslands. Future research should pinpoint how the 
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environment and other factors, such as human proximity and environmental conditions, 

may alter site selection and preference, as there is a significant disuse of border areas 

unrelated to intergroup risk in the southeast region of Kasekela’s home range.  

Despite preference for nesting in the center of the home range, chimpanzees did 

have instances of nesting in risky overlapping areas. In areas of community overlap, 

group size was significantly higher, which could mitigate the risk of intercommunity 

attacks. Previous research has demonstrated that lethal aggression most often occurs 

opportunistically, when individuals are encountered alone or in small groups (Wrangham 

& Glowaki 2012). However, this risk may not be great enough to stop chimpanzees from 

nesting in these areas completely – or there may be other factors impacting nesting 

selection in border areas as mentioned above.  

Importantly, the number of nesting sites in overlapping areas fluctuated across 

years, as seen in Figure 1, and could be attributed to territory expansion in some years. 

For example, the Kasekela community expanded after comparatively more frequent 

nesting in the border area in the first several years of the study period, and relaxed 

territorial pressure in later years resulting in decreased nesting in overlapping zones. One 

way to test this in the future is to look at risk gradation and increasing group size as 

nesting sites approach the border shared with Mitumba. This can be done via 3D Getis-

Ord Gi* Hot Spot Analysis or other mapped regression functions. Another avenue for 

future research is to look at changing dynamics across time with both the Kasekela and 

Mitumba communities, determining how Mitumba sleeping site selection reflects 

Kasekela in terms of proximity to each other’s sleeping sites in overlapping areas and in 

behavioral data analysis.  
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Unlike females, the number of males in nesting groups was significantly impacted 

by riskiness, and therefore the likely cause of overall group size increases in risky areas. 

One explanation for increases in the number of males in overlapping areas is cooperative 

territorial defense. Male chimpanzees are known to patrol border areas during the day, 

preferentially in larger groups (Wilson 2000). Nesting group size and significant 

increases in the number of males may be an offshoot of this pattern. More males are 

already in the area, so nesting is an outcome of day ranging and an inability to make it 

back to central areas of the home range before nightfall. An alternative explanation for 

this pattern is mate guarding and parental effort in border areas. According to Wilson & 

Wrangham 2003, chimpanzee intergroup aggression is thought to be caused by 

competition for mates. Males cooperate to defend their females from neighboring, 

competing males (e.g. Manson & Wrangham 1991). This point is further supported by 

genetic testing at Gombe National Park, with results showing that infants were all 

fathered by individuals within the same group as the mother (Constable et al. 2001). 

Males are not only acting as protectors of females during nighttime sleep but are also 

successful at defending themselves and females from extragroup male aggressive attacks 

(Wilson & Wrangham 2003). Increases in the number of males in a group in overlapping 

areas may be an act of parental effort as well as a mating effort, as males gain fitness 

when their offspring survive due to sheer male presence dissuading neighboring males 

from attacking (Wilson & Wrangham 2003).  

As in the case of intercommunity patterns, the question remains of whether 

females perceive the risk associated with nesting in overlapping areas close to 

neighboring groups. Previous studies show that species perceive predation risk and 
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therefore alter their use of space based on this perception, creating a conceived 

“landscape of fear” (Lima and Dill 1990; Brown and Kotler 2004; Cresswell 2008). As 

mentioned above, females with young offspring are targeted most frequently in 

intergroup aggressive encounters and should therefore be aware of potential lethal risk of 

nesting near competitive neighbors. Females in estrous are not often targeted for brutally 

or lethally aggressive attacks by neighboring males, as they are seen as potential mates 

(Wilson & Wrangham 2003). Despite these differences, estrous and anestrous females 

showed no significant difference regarding their nesting group size in these risky areas 

despite pre-existing research pointing to unequal risk in intergroup encounters. 

Group nesting size increased significantly as expected (Chancellor, Rundus, & 

Nyandwi 2011) during the wet season and decreased during the dry season, most likely to 

reduce overall food competition upon waking when resources are scarce. However, 

nesting group size did not differ significantly based on sex. These patterns show that 

intragroup competition is not a selective pressure for nesting behavior in females as was 

predicted, and females are not selectively nesting in significantly smaller groups than 

males to mitigate this. Future directions studying intragroup dynamics in nesting behavior 

should include dyadic associations at nesting sites, testing for nesting partner preferences. 

This pattern of nesting in larger groups in the center of the range may be an outcome of 

predation risk in chimpanzee evolution that still influences chimpanzee behavior at 

Gombe today despite a lack of predators. This pattern is exemplified in behavioral 

changes in black-tailed deer when exposed to wolf (Canis lupus) odor after 100 years of 

absence (Chamaillé-Jammes et. al. 2014), in white-tailed deer birth-site selection (Dion 

2021), and in Sitka black-tailed deer vigilance (Le Saout et. al. 2015). Threat sensitive 
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behaviors are thought to persist in species with long generation times and in areas where 

dangerous predators have historically been removed. Furthermore, innate anti-predator 

behavior can and should persist even when the predator is absent if there is limited 

genetic drift and low fitness costs of the current behavior (Chamaillé-Jammes et. al. 

2014).  Even when predators disappear, chimpanzees may still have an ingrained 

behavioral tendency to nest in larger groups to protect themselves from predation that no 

longer exists – seemingly just in case predators return. This would be further supported 

by Gombe chimpanzee preference for nesting in highly forested areas in the center and 

northwestern sections of the park, as previous studies show chimpanzees nest in more 

densely forested areas to mitigate high predation (Stewart and Pruetz 2013).  
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