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Abstract 

 

A central theme in animal ecology is the study of the relationship between 

ecology and behavior. This dissertation demonstrates how ecological parameters, 

particularly food and weather variables, correlate with ranging, activity budget, and diet 

in Udzungwa red colobus monkeys (URC, Procolobus gordonorum), endemic to the 

Udzungwa Mountains, Tanzania.  

From April 2009 – March 2010, four URC groups were habituated and studied in 

Mwanihana and Magombera Forests. During all-day follows, ranging, activity budget, 

and diet data were collected using GPS units and ten-minute scan samples of sustained 

activities. Food characteristics were assessed using transect and phenology surveys. 

Preliminary nutritional analyses were conducted on species-specific parts fed upon during 

October. I designed and employed novel methods for estimating ranging statistics which 

were compared with conventional methods. 

Home range sizes were relatively small (8.8 – 20.8 ha). Home range size may 

relate to food species diversity and feeding selectivity for species-specific food parts. 

Variability in dietary composition was partly explained by plant phenology, forest 

composition, and selectivity differences among groups. URC primarily fed upon young 

leaves with higher fat content. Some non-nutritive items eaten may function as 

detoxifying agents. Data suggest that the URC dietary strategy involves nutrient 
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balancing (i.e. maximizing energetic intake and nutrient acquisition while avoiding high 

concentrations of particular plant secondary compounds). 

Mean daily travel distance (DTD) was 970 m, longer than in other red colobus 

taxa. DTD was shorter in October and November when temperatures were warmer and a 

high abundance of young growth became available. Young growth comprised the 

majority of all groups’ diets in each sample period. When young growth abundances were 

highest, Magombera groups traveled shorter distances. One group’s DTD did not differ 

seasonally and was significantly longer compared to other groups. This group may have 

traveled longer distances and spent less time resting in order to consume young growth in 

a habitat with lower young growth abundances. A correlation between time spent resting 

and temperature suggests behavioral prevention of hyperthermia. URC energetic 

strategies may involve balancing thermoregulation with maximizing energy intake. 

Conservation recommendations are discussed and include stricter forest protection. 
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1. Introduction 

 

A central theme in animal ecology is the study of the relationship between 

ecology and behavior. Research on African red colobus monkeys (some Procolobus sp.) 

has shown that particular food characteristics of a group’s home range are correlates of 

behavior in terms of ranging, diet, and activity budget (e.g. Struhsaker 1975, 2010; Oates 

et al 1977; Oates 1978; Marsh 1981a,b,c; Siex 2003). How these food characteristics 

correlate with red colobus behavior differs across taxa, climates, and habitat types. 

Understanding this behavioral variability both within and among red colobus populations 

is important for predicting how species will respond to climate change, habitat 

degradation, and habitat restoration/regeneration. As more primate species are becoming 

endangered, accurate predictions of species-specific behavioral responses to ecological 

variation must be incorporated into conservation strategies. 

In this dissertation, I examine how ecological parameters, particularly vegetative 

parameters relating to food and weather variables, correlate with ranging, activity budget, 

and diet in four focal groups of Udzungwa red colobus monkeys (URC, Procolobus 

gordonorum). The URC is an endangered, endemic species with a distribution limited to 

the Udzungwa Mountains in south-central Tanzania. Data in this dissertation contribute 

to a better understanding of intraspecific and intrapopulation behavioral variability and 

are used to 1) draw conclusions about dietary and energetic strategies employed by this 

species and 2) make recommendations about species-specific conservation tactics. 
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The distribution of red colobus taxa spans equatorial Africa from as far west as 

The Gambia to as far east as Zanzibar (Struhsaker 2010). Throughout this area, red 

colobus inhabit diverse forest types from evergreen rainforest and regenerating secondary 

forest in Kibale, Uganda (Struhsaker 2010) to coral rag and mangrove forests in Zanzibar 

(Nowak 2007). In the absence of habitat degradation and hunting, red colobus 

populations can thrive across this large ecological gradient. Nowak (2007) argues that red 

colobus behavioral variability allows red colobus taxa to survive even within severely 

degraded habitats. Unfortunately, long-term survival of populations in degraded habitats 

is unlikely, as group survivorship ratios (# of juveniles per adult female) are lower in 

degraded habitats (Struhsaker et al 2004). 

The behavioral ecology of different red colobus taxa has been studied across 

diverse habitats and differs significantly in relation to population densities, climate and 

habitat types, and food variables. For instance, red colobus in Kibale spent less time 

resting than red colobus in warmer climates, perhaps because cooler temperatures reduce 

the risk of hyperthermia (Struhsaker 2010). A compressed population of red colobus in 

Zanzibar living on agricultural land has the highest known red colobus population density 

and relatively low food availability within their home ranges; these variables correlated 

with higher levels of aggression, smaller home range size, and shorter daily travel 

distances (Siex 2003).  

Results from these and numerous other studies have allowed researchers to 

hypothesize about the relationships between African colobine behavior and extrinsic 

variables such as habitat, climate, food, population density, competition, and 
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predation/hunting (e.g. Chapman and Chapman 1999, 2002; Clutton-Brock 1974, 1975; 

Dasilva 1992; Dunbar 1987; Gillespie and Chapman 2001; Linder 2008; Lwanga et al 

2011; Marsh 1981a,b,c; Marshall 2007; Marshall et al 2010; Mowry et al 1996; Mturi 

1991; Nowak 2007; Oates 1978; Oates et al 1977; Rovero et al 2006; Siex 2003; Skorupa 

1988; Snaith and Chapman 2008; Starin 1991; Struhsaker 1974, 1975, 1997, 2010; 

Struhsaker and Leland 1979, 1987; Struhsaker et al 2004).  

 

Species background: Biological importance of the URC and its 
habitat 

 

Procolobus gordonorum belongs to the Colobinae subfamily of Old World 

Monkeys. This monkey is an arboreal quadruped that usually lives in multi-male/multi-

female social groups ranging in size from 7-83 individuals (Struhsaker 2010, Struhsaker 

et al 2004). In a relatively recent review by Grubb et al (2003), the red colobus monkeys 

were placed in the Procolobus genus, and four species and eighteen taxa of red colobus 

were identified. Despite the uncertain specific and subspecific status of some taxa, 

Procolobus gordonorum was identified as a unique species of red colobus (Grubb et al 

2003, but see Ting (2008) whose genetic analysis grouped P. gordonorum with P. kirkii). 

The URC is currently considered endangered by the IUCN Red List of threatened 

species, and its distribution is limited to fragmented forests in the Udzungwa Mountains 

of south-central Tanzania and to nearby forest patches in the Kilombero Valley (Rodgers 
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and Homewood 1982, Struhsaker et al 2004, Struhsaker 2005, IUCN: Struhsaker et al 

2008). 

The Udzungwa Mountains are one of many mountains in the Eastern Arc 

mountain chain, which sweeps from southern Kenya through eastern Tanzania and to 

south-central Tanzania (Lovett and Wasser 1993). The Eastern Arc Mountains are 

considered one of the world’s twenty-five most biodiverse hotspots, defined by Myers et 

al (2000) as an area containing at least 0.5% or 1,500 of the world’s 300,000 plant 

species classified as endemics. In fact, the Eastern Arc Mountains and coastal forests of 

Kenya and Tanzania have the highest density of endemic plant and vertebrate species per 

unit area of anywhere in the world (Myers et al 2000). This high level of endemism can 

be attributed to both the age of these mountains (up to 30 million years old) and the 

climatic influences that have supported consistent forest coverage in this region 

historically (Lovett and Wasser 1993). New and endemic species of mammals and 

amphibians are being discovered within the Eastern Arc forests almost annually (e.g. in 

the Udzungwas: the giant elephant shrew, Rhychocyon udzungwensis (Rovero et al 2008) 

and the Magombera chameleon, Kinyongia magomberae (Menegon et al 2009)). 

Of all the mountains in the Eastern Arc, the Udzungwa Mountains have particular 

biological importance because they have the greatest amount of natural forest coverage 

(1576.5 km2 but only 547.9 km2 of closed-canopy forest according to Landsat imagery 

from 1999) (Marshall et al 2010), largest altitudinal range of continuous forest (300 - 

2,600 m) (Struhsaker et al 2004), and support two endemic primate species: the Sanje 

mangabey (Cercocebus galeritus sanjei) and the URC (Struhsaker et al 2004). In 
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addition, two near-endemic (i.e. found also in other Eastern Arc forests or ecological 

zones of close affinity) primates reside here: one of the only two populations of the newly 

discovered highland/Kipunji mangabey (Rungwecebus kipunji) occurs here (Jones et al 

2005, Davenport et al 2006) as does the mountain galago (Galagoides orinus, Rovero et 

al 2009).  

Estimates of the URC’s population size range from 10,000 to 20,000 individuals 

(Rodgers and Homewood 1982; Dinesen et al 2001; Struhsaker 2005). The population is 

fragmented into numerous subpopulations with most surveyed subpopulations containing 

less than 2,000 individuals (Rodgers and Homewood 1982). These population estimates 

may be low considering that one subpopulation in the Matundu Forest might contain as 

many as an estimated 13,705 (± 6,746) individuals (Marshall 2007). 

While half of the URC population is found within the Udzungwa Mountains 

National Park (UMNP: 1990 km2, not taking forest coverage into consideration), the 

other half could be lost to forest degradation or complete forest destruction (Struhsaker 

2005, 2010). Forests outside of the UMNP, including Forest Reserves, are being heavily 

degraded by logging, pole extraction, agricultural conversion, firewood collection, 

charcoal production, and hunting (Struhsaker 2005, 2010; Marshall 2008a,b, Rovero et al 

2012). Bushmeat and census data indicate that colobine densities in these forests outside 

of the park are particularly impacted by hunting and forest degradation, with one 

subpopulation of URC in the Udzungwa Scarp Forest Reserve dropping to a near-

extinction density over a five-year period (2004-2009, Rovero et al 2012). 
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In the past few decades, three known URC habitats outside of the UMNP have 

been nearly destroyed. Lukoga and Kalunga Forests have been recently destroyed 

(Struhsaker 2010). Nearly half of Magombera Forest was destroyed in the 1980s 

(Rodgers and Homewood 1982; Struhsaker 2005, 2010; Marshall 2008b), and the rest of 

Magombera is being degraded by pole cutting, firewood collection, pit-sawing, 

intentional fires, and hunting (Marshall 2008b, per. obs.).  

Magombera Forest is particularly important from a conservation perspective and 

is a focal forest studied in this dissertation. First, Magombera Forest contains the highest 

known density of URC: 149.2 / km2 based on a population size estimate by Marshall 

(2008a) and forest size estimate by Marshall et al (2010). Second, Magombera Forest is a 

tropical lowland forest with qualities of both lowland and montane rainforests. Within 

this forest, 41% of trees ≥ 20 cm diameter at breast height are endemic to the Eastern Arc 

Mountains and Coastal Forests or included in the IUCN Red List of threatened species 

(Marshall 2007; Marshall 2008a,b). 

 

Goals of ecological research 

 

Based on the high human population growth in the Kilombero Valley surrounding 

the URC’s forests (3.4% annually, Struhsaker 2010), forest disturbance and destruction 

will probably continue to increase without legal intervention. In coordination with 

substantial and immediate global conservation efforts in this region, effective 

conservation strategies for the resident primate species will require detailed data on 
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behavioral ecology and URC demographic responses to habitat variation and degradation. 

Negative URC demographic trends have already been found in association with declining 

habitat quality: URC group size, density, survivorship, composition, and recruitment are 

related to gross habitat type (e.g. evergreen forest) and quality (e.g. level of degradation) 

(Struhsaker et al 2004, Marshall et al 2005, Rovero et al 2012). As an example of how 

behavioral ecology data can inform conservation strategies, Harrison (1992) illustrated 

how knowledge of DTD and home range size can be used to design species-specific 

corridors between refuge habitats.  

The fact that red colobus taxa exist across such a wide variety of habitat types 

with variable levels of degradation suggests some level of behavioral variability (Nowak 

2007). While populations are currently surviving in these degraded habitats, it is 

important to understand what components contribute to a high quality home range and a 

high quality diet for this species in order to continually assess habitat quality and 

suitability (Lambert 2007). Furthermore, determining ecological correlates with ranging, 

activity budget, and diet behavior can provide insight into the energetic and dietary 

strategies employed by this species.  

Until this study, no substantial ecological data were available on the URC diet or 

other aspects of their behavioral ecology. Yet, understanding how ecological variables 

correlate with behavior is essential for interpreting behavioral variation within and among 

taxa. The five main chapters of this dissertation are built around the following general 

questions. 
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1. How do the methods used by primatologists for measuring ranging behavior 

influence ecological interpretations and cross-study comparisons?  

Accurate measures of ranging behavior are important for 1) testing hypotheses 

about red colobus energetic, foraging, and dietary strategies, 2) estimating population size 

and density, 3) assessing species’ space requirements, and 4) cross-study comparisons of 

ranging behavior. Ecological interpretations often necessitate cross-study comparisons of 

home range and DTD. However, there are several common methods used for collecting 

these data. The variation in ranging behavior as a result of home range method is not 

always taken into consideration when making these ecological interpretations.  

In the second chapter of this dissertation, I describe two novel methods that I 

designed for providing more representative measurements of home range size and DTD 

in arboreal, group-living primates. From comparisons of these methods with traditional 

methods, the recommended use for each methodology is discussed. 

 

2. What ecological factors correlate with home range size for red colobus, and what 

components contribute to a high quality habitat for URC?  

Hypothetical factors relating to home range size in red colobus include food 

variables (such as density, distribution, diversity, and availability), intra- and interspecific 

population density/feeding competition, and group size (Marsh 1981b, Struhsaker 2010). 

I expect a strong relationship between home range size and food variables. 

These relationships are examined in Ch. 3 of this dissertation using detailed data 

on URC home range size, diet, and food species composition, characteristics, and 
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availability within the habitat. The effects of group size and population density in 

addition to food variables are examined through interspecific comparisons across red 

colobus taxa.  

 

3. What factors correlate with daily travel distance (DTD) in red colobus? Can the 

ecological-constraints model be appropriately applied to describe variation in red 

colobus DTD? 

Previous research suggests that a group’s DTD could be related to a multitude of 

factors: food characteristics and availability within its home range (e.g. Clutton-Brock 

1975, Isbell 1983), group size (e.g. Struhsaker and Leland 1987, Gillespie and Chapman 

2001), weather (e.g. Struhsaker 1975, Isbell 1983), seasonality (e.g. Agostini et al 2010), 

and/or intra- and intergroup aggression or encounters (e.g. Struhsaker 1975, Wrangham et 

al 1993, Gillespie and Chapman 2001). In Ch. 4 of this dissertation, the relationships 

between these variables and DTD are examined using focal follow data from four URC 

groups and associated measures of food availability, phenology, weather, intergroup 

encounters, and characteristics about food species within each group’s home range. 

Additionally, the ecological-constraints model is often used to explain the 

interaction between DTD and food availability/distribution in red colobus. Proponents of 

this model hypothesize that intragroup scramble competition limits group size whenever 

a group must travel farther each day to meets its nutritional and energetic requirements 

than would be required for an individual. Researchers testing this model predict that DTD 

will be greater for larger groups than smaller groups (Chapman and Chapman 2000), but 



 

10 

tests of this model in red colobus have not upheld these predictions (e.g. Struhsaker and 

Leland 1987, Struhsaker 2010). Using data on both group size and temporal food 

availability with each group’s home range, I test the applicability of the ecological 

constraints model for describing DTD in the URC. 

 

4. Do ecological factors correlate with activity budgets, and what energetic 

strategies are employed by red colobus? 

How groups allocate their time each day may depend on the age-sex composition 

of a group, food variables with a group’s home range, weather, and intra- or intergroup 

interactions (including aggression and feeding competition) (e.g. Struhsaker 1975, 2010, 

Marsh 1981c). 

In the fifth chapter of this dissertation, daily activity budgets were measured in 

four URC groups and variability was examined in terms of group demography, weather, 

and food variables such as phenology patterns, food availability, dietary diversity, and 

characteristics of food trees within groups’ home ranges. 

These data on activity budget in combination with dietary and DTD data are used 

to pose hypotheses about red colobus energetic strategies.  

 

5. What factors influence dietary composition in red colobus, and what components 

comprise a high quality diet? 

Red colobus selectively consume large quantities of young growth which 

ferments within their multi-chambered stomachs (e.g. Struhsaker 1975, Marsh 1981a, 
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Kay and Davies 1994). Dietary strategies of red colobus are predicted to include a high 

consumption of young leaves due to their higher ratio of protein to fiber compared with 

mature leaves (e.g. Mowry et al 1996, Chapman and Chapman 2002). Dietary diversity 

may be important for obtaining a necessary mixture of nutrients while avoiding ingesting 

large quantities of any particular plant’s secondary compounds (Freeland and Janzen 

1974, Westoby 1974, Glander 1981, Waterman and Kool 1994, Struhsaker 2010). To 

achieve a necessary dietary complement and avoid large quantities of these plant 

defensive compounds, red colobus are expected to feed selectively on a large number of 

species-specific parts. 

In the sixth chapter of this dissertation, dietary observations and nutritional 

analyses are used to determine what components contribute to a high quality diet for 

URC. Food tree phenology and transect data are used to determine availability of species-

specific food parts and red colobus selectivity of particular species and plant parts. 
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2. The influence of ranging behavior method choice on 
comparative studies, ecological interpretations, an d 
conservation planning 

 

Introduction 

 

Primatologists rely on knowledge of home range size and daily travel distance 

(DTD) for understanding their study species. For example, knowledge of how DTD 

relates to food availability can be used infer if food shortages may correlate with 

energetic stress (i.e. insufficient energetic intake). However, few researchers take into 

consideration how methods for measuring these statistics can influence the accuracy of 

their results and conclusions (but see Marsh 1981b, Struhsaker 2010). Methods used for 

measuring ranging behavior can affect results and 1) the accuracy of behavioral and 

ecological assessments for a species, 2) conservation recommendations for a species, and 

3) comparative studies within and between species.  

In this chapter, two methods for estimating DTD and three methods for estimating 

home range area in groups of arboreal Udzungwa red colobus (URC) monkeys are 

compared in terms of how accurately they quantify their respective ranging statistic. Of 

these, two are novel methods that I designed to more accurately estimate ranging 

statistics: the Multiple Travel Paths method for estimating DTD and the Behavior-

corrected Polygon method for estimating home range area. 
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DTD is typically measured in groups of primates using the Center of Mass 

method (e.g. Struhsaker 1975, Marsh 1981, Isbell 1983, Chapman and Chapman 2000, 

Gillespie and Chapman 2001, Yiming 2002, Snaith and Chapman 2008, Teichroeb and 

Sicotte 2009, Agostini et al 2010). In brief, the Center of Mass method estimates DTD by 

1) marking a point at the group’s perceived center of mass, 2) measuring the distance 

between consecutive points, and 3) summing the distances measured throughout the day. 

The main problem arises when this method is used in arboreal species like red colobus in 

which group members may take multiple travel paths to reach a location. As Clutton-

Brock (1975) described, “[red colobus] seldom all moved along a particular path, usually 

advancing in several parallel columns.” In this situation, the Center of Mass method 

measures a straight, middle path which is the shortest of all of the travel paths and may 

underestimate group travel distance. Regardless, no alternative method for measuring 

DTD has been adopted by primatologists.  

My novel Multiple Travel Paths method improves upon the conventional Center 

of Mass method. While data collection is more time-intensive, the Multiple Travel Paths 

method provides better estimates of DTD by 1) following multiple travel paths taken 

through trees by group members, 2) weighing the length of each path by the number of 

individuals taking the path, and 3) summing the weighted path lengths. These two 

methods for measuring DTD are compared in detail below. 

Home range area is most commonly estimated using two methods: the Minimum 

Convex Polygon method and the Quadrat method (e.g. Clutton-Brock 1975, Struhsaker 

1975, Marsh 1981b, Siex 2003, Ganas and Robbins 2005, Nowak 2007). The Minimum 
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Convex Polygon method estimates home range by drawing a convex polygon around 

mapped location points of one or more members of a group. The area of that polygon is 

defined as the home range, even though the convexity can include areas that were never 

entered by the group. The Quadrat method overlays a grid of quadrats on the mapped 

location points of group members. A quadrat’s area is included in the home range if it 

contains one or more of the group’s points. Methods are often used to reduce lacunae 

(unused areas) within these quadrats and are detailed by Struhsaker (1975). 

In this chapter, these two conventional methods for estimating home range size 

are compared with my novel Behavior-corrected Polygon method. In the Behavior-

corrected Polygon method, polygons are drawn around the border of home range points, 

but the polygons are not required to be convex and areas that the group members never 

physically entered are excluded. The total area of the polygon(s) is defined as the group’s 

home range. When compared with the Minimum Convex Polygon or Quadrat method, the 

Behavior-corrected Polygon method more accurately estimates the area used by a group 

by most efficiently excluding lacunae. 

More recently, utilization distributions have been touted as an alternative concept 

to home range (e.g. Nowak 2007, DeLuca et al 2010, Agostini et al 2010). Using this 

method, core areas of use are determined rather than the entire home range.  A utilization 

distribution does not map or estimate a home range area but instead uses data on time 

spent in areas of the home range to define “core areas” of use. A utilization distribution 

commonly reports 95% core areas and 50% core areas. A 95% core area, for example, 

shows where the group has a 95% probability of being located at any given time.  
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There are problems with using core areas to make interpretations about the 

behavioral ecology, areas of importance, and conservation assessments of the study 

species. Core areas often exclude some ecologically important areas such as seasonal 

breeding sites, seasonal feeding trees, and/or corridors between feeding/sleeping/breeding 

sites. Utilization distributions are fundamentally different from a home range area 

because the information provided is based on the probability of an animal being in a 

specific location. 

In this chapter, I test the hypothesis that estimates of DTD and home range size 

are dependent upon measurement method. I predict that my novel method for estimating 

DTD will provide longer and more accurate estimates of DTD and that my novel method 

for estimating home range size will remove more lacunae from the home range estimate, 

providing smaller estimates of home range size. Then, I review the conventional methods 

for measuring ranging behaviors in primates and introduce my two novel methods for 

quantifying these data. Variability in results is compared across methods, and the 

potential applications for each method within specific research areas are discussed along 

with the influence of method choice on cross-study comparisons.  

Materials and Methods 

 

Study area 

 

This study was conducted in the Udzungwa Mountains (centered near 8° 20’S, 

35° 50’E (Struhsaker et al 2004)) and nearby Kilombero Valley of south-central Tanzania 
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(Fig. 1). Four URC groups were studied in two forests: Mwanihana Forest in the 

Udzungwa Mountains and Magombera Forest in the adjacent Kilombero Valley.  

 

Figure 1. Map showing Magombera and Mwanihana forests of south-central Tanzania, modified 
from Struhsaker et al (2004). 

 

Research in Mwanihana Forest was conducted between coordinates 7°49.6’- 

7°51.0’S, 36°52.9’ - 36°53.4’E and at a median elevation of 345 m. Mwanihana Forest 

has an area of 150.6 km2 with 69.3 km2 of closed canopy forest (Marshall et al 2010) and 

is located within the Udzungwa Mountains National Park (UMNP, 1990 km2) (Rovero et 

al 2006).  The study area in Magombera Forest was located between 7°48.7’ - 7°49.0’S, 
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36°57.1’ - 36°57.6E at a median elevation of 282 m. Magombera Forest has an area of 

11.9 km2 but with only 6.9 km2 of closed canopy forest (Marshall et al 2010). 

Magombera Forest is an unprotected forest island located between the Selous Game 

Reserve and the UMNP and is bordered by Katurukila, Magombera, Kanyenja, and 

Msolwa Stesheni villages. Mwanihana and Magombera are separated by 7 km of 

agricultural land, but a corridor existed between them as recently as 1979 (Rodgers et al 

1979, as cited by Marshall 2008b). The Mwanihana study area is within a semideciduous, 

lowland forest, while the Magombera study area is located in a semideciduous, ground-

water, lowland forest. Based on fifteen years of meteorological data collected at 

Kilombero Sugar Company’s Msolwa Mill (7° 43' 30.40" S, 36° 59' 27.48" E), the rainy 

season lasts from November to May with two peaks in December and March (data 

provided by Don Carter-Brown, Managing Director of Kilombero Sugar Company). 

Mean maximum temperature during the study was 32.4°C and mean minimum 

temperature was 20.7°C. This weather station was located 10.8 km NE from the 

Magombera Forest study area and 16.3 km NE from the Mwanihana Forest study area. 

Each study group’s home range shared at least one border with the forest edge and 

was located within disturbed forests that were exploited for firewood collection and 

logging. While the UMNP has protective status, there was evidence of tree pole 

extraction and animal trapping in Mwanihana. Magombera currently has no protective 

status, and there was evidence of hunting, animal trapping, timber extraction, pole 

extraction, and intentional fires.  
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Study groups 

 

In the northwest triangle of Magombera Forest, two neighboring URC groups 

were habituated and studied: Group 1 (30-33 individuals) and Group 2 (39-42 

individuals). In Mwanihana Forest, two groups with home ranges 1300 meters apart were 

studied: Campsite 3 (43 individuals) and Hondo Hondo (42-43 individuals) groups (Fig. 

2). (The Campsite 3 group ranged near UMNP’s campsite 3. The Hondo Hondo group 

ranged near the privately-run Hondo Hondo campsite. These campsites can be accessed 

from the Mikumi-Ifakara road.) My aim was to habituate groups of approximately equal 

sizes and to select groups that would take relatively little time to habituate. It was 

difficult to meet both criteria with neighboring groups in Mwanihana Forest, so distant 

groups were selected. During each follow, group identity was confirmed based on 

location of the group and the presence of known individuals. Individuals were 

differentiated based on pelage, facial coloration, and morphology (stiff digits, injury 

scars, body size, etc.).  

For this chapter, data were used from three groups: Group 1, Group 2, and Hondo 

Hondo group. The Campsite 3 group disappeared from its original ranging area and was 

not relocated after 11 days of searching from November 2009-March 2010.  
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Figure 2. Satellite image of the groups’ home range areas. Mwanihana Forest is west. 
Magombera Forest is east: the middle triangle of forest with the edge of the Selous Game Reserve 
expanding further west and south. Groups 1 and 2 are located approximately 7 km from Hondo 
Hondo group. Hondo Hondo group and Campsite 3 are separated by 1.3 km (“Udzungwa 
overview,” 2008). 

 

Ranging data 

 

When a focal group was observed (≥ 11.5 hours per day, from near sunrise to 

sunset), each new tree entered by any member of the focal group was assigned a 

numbered aluminum tree tag, given a corresponding GPS waypoint number, measured in 

diameter at a height of 1.3 meters (diameter at breast height or DBH), and taxonomically 

identified. The GPS waypoints were taken at the trunk of each tree. Garmin GPSMAP 
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60Cx GPS units were used for all GPS data collection and were accurate to within a few 

meters. Communication between the GPS unit and nearest satellites was never lost. Using 

Mapsource software (Garmin 2010), a final map was created for each group showing all 

trees entered by the group, representing the home range area of each group. 

 

Methods for estimating daily travel distance 

 

Two methods for measuring group DTD are compared: the conventional Center 

of Mass Method and a new method I designed: the Multiple Travel Paths Method. The 

Center of Mass method defines DTD as the sum of distances between consecutive group 

center of mass points. There are several variations of this method: 

1) The group’s center of mass or all visible individuals (whose location points are 

then used to determine and mark center of mass) are marked onto a map of the group’s 

range. The center of mass is plotted at A) a set time interval, usually a 15- or 30-minute 

interval, or B) any time group members move to another tree. Some studies employ both 

of these methods. 

2) The center of mass is determined at a set time interval by a GPS waypoint of 

the group’s perceived center of mass. 

Regardless of method for marking center of mass points, the distances between 

consecutive center of mass points are measured and then summed to estimate daily travel 

distance.   
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For this comparative study, the trees occupied by the monkeys were marked with 

GPS waypoints, noting the number of monkeys per tree, and then center of mass was 

determined at each move between trees. 

I designed the Multiple Travel Paths method to improve upon the conventional 

Center of Mass method. The Multiple Travel Paths method calculates DTD by recording 

(when applicable) the multiple travel paths taken by the group, weighing the distance of 

each path based on its proportional use by the group, and then summing those weighted 

distances to get the daily travel distance.  

The group’s travel paths are recorded in the form of a flow chart (e.g. 12 

monkeys: Tree 4 � Tree 9 � Tree 45; 28 monkeys: Tree 4 � Tree 10 � Tree 45). 

Using Mapsource software (Garmin, Ltd. 2010), distances between consecutive trees in 

each travel path are measured. To calculate the weighted travel path distance, each travel 

path’s distance is multiplied by the proportion of the group that used the path. All 

weighted travel path distances for each day are summed to get the group’s total DTD.  

To compare these two methods, DTD was calculated using both methods for a 

random sample of 30 focal follow days. Because study groups were sampled unequally, 

the random sample was not equally distributed across groups with Group 1 representing 9 

sample days, Group 2 representing 15 sample days, and Hondo Hondo group representing 

6 sample days. This sampling bias may have affected the results of this comparison 

because fewer simultaneous travel paths were recorded for the Hondo Hondo group, not 

as a result of any behavioral difference in how many paths were taken but rather due to 
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the difficulties of collecting these data in Mwanihana Forest. This bias is discussed 

below. 

It is important to note that the Center of Mass method used in this comparison 

would provide the same estimation of DTD as the Multiple Travel Paths method if the 

group never utilized multiple, simultaneous travel paths. DTD only varies between 

methods if the group splits into multiple paths when travelling. The focal groups never 

travelled as a whole for an entire day. Therefore, DTD estimations made by these two 

methods were never the same. 

The Shapiro-Wilk test was conducted using JMP (SAS Institute, Inc. 2010) to 

determine if DTD data fit the normal distribution. A repeated-measured ANOVA with an 

alpha level of 0.05 was conducted using Statistica (StatSoft, Inc. 2001) to test for 

differences in DTD based on method of measurement.  

 

Methods for estimating home range  

 

Home range area was calculated using three methods: the Minimum Convex 

Polygon method, the Quadrat method (following Struhsaker 1975), and the novel 

Behavior-corrected Polygon method. Home range area was calculated with the Minimum 

Convex Polygon method using ArcGIS 9.3 (ESRI 2008) and the Hawth’s Analysis Tool 

extension (Beyer 2007). The Minimum Convex Polygon method defines home range area 

as the area enclosed by the outermost points used by the group. All perimeter angles must 

be convex. All trees entered by the group represent the points of the home range area. 



 

23 

The Quadrat method defines home range area as the sum of the quadrat areas 

entered by the group. The home range area of a group, defined in this study by the trees 

and vine patches cumulatively entered by a group’s individuals during the study, is 

segmented into a grid, creating quadrats of equal size. Among primate studies, quadrat 

size is typically either 25 m x 25 m (0.0625 ha per quadrat) or 50 m x 50 m (0.25 ha per 

quadrat), and both quadrat sizes were used in this comparison. A quadrat is included in 

the home range if at least one home range waypoint was located within the quadrat. To 

calculate home range, the quadrat areas were summed. If only part of a tree’s waypoint 

symbol fell within a quadrat, it was considered to be within the quadrat if over half of the 

symbol fell within the quadrat.  

In addition to Quadrat home range area estimations, adjustments are often made 

to reduce lacunae (areas within the perimeter of the home range but not physically 

entered by the group), several methods of which are described by Struhsaker (1975). In 

this study, an adjusted area calculation was used: any quadrat containing only one tree 

entered by the group was counted as half of its area rather than its full area.  

The Behavior-corrected Polygon method is a new method I designed for 

measuring home range size and defines home range size as the sum of the polygon areas 

entered by the group. Polygons were drawn in ArcGIS 9.3 (ESRI 2008) using the editor 

toolbar. Every tree or vine patch entered by the group was included in a polygon, but, 

unlike the Minimum Convex Polygon method, polygon angles were not necessarily 

convex and unused areas were excluded from the polygons. Unused areas, such as large 

vine patches or dead trees, were located within the borders the group’s home range, and 
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some were never physically entered; instead, the group traveled around the unused area 

by taking a path through the trees.  

Home range areas were calculated using the three methods and then compared 

within groups. Methodological trends were compared among groups using descriptive 

statistics. 

Figures were created using ArcGIS 9.3 (ESRI 2008), KaleidaGraph 3.6 (Synergy 

Software 2003), and PAST (Hammer et al 2001). 

 

Results 

 

Daily Travel Distance 

 

The average DTD among URC groups was 1064 m using the Multiple Travel 

Paths method and 932 m using the Center of Mass method of measurement. DTD data fit 

a normal distribution (Multiple Travel Paths DTD data: Shapiro-Wilk test, W = 0.965, p 

= 0.40; Center of Mass DTD data: W = 0.962, p = 0.349). The Center of Mass method 

underestimated DTD compared with the Multiple Travel Paths method by an average of 

12.5% or 132 meters (repeated measures ANOVA, df = 29, F = 59.3, p < 0.00001). Every 

Center of Mass method’s distance was shorter than its corresponding Multiple Travel 

Paths method’s distance (range of underestimation: 9 - 372 meters or 0.7 – 28.2%). The 

impact of method selection on DTD estimates varied across groups. The Center of Mass 
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method underestimated DTD by 14.6% in Group 1 and 14.2% in Group 2. The difference 

between methods for Hondo Hondo group is 6.4% (Tab. 1).  

 

Table 1. Among-group comparison of DTD averages, calculated using the Center of Mass (CM) 
method and Multiple Travel Paths (MTP) method. Column 2 shows the percentage by which the 
Center of Mass method underestimated DTD compared to the Multiple Travel Paths method.  

Group name

CM from 
MTP: % 

Difference

CM 
mean 
(m)

± Standard 
deviation

Coefficient 
of variation

MTP 
mean 
(m)

± Standard 
deviation

Coefficient 
of variation

Group 1 14.6 796.0 203.0 0.26 932.3 277.9 0.30
Group 2 14.2 918.6 326.5 0.36 1070.1 369.9 0.35
Hondo Hondo 6.4 1168.3 259.6 0.22 1248.1 265.5 0.21  

 

A frequency distribution shows that on the majority of sample days, the Center of 

Mass method underestimated DTD by 15% or less compared with the Multiple Travel 

Paths method (Fig. 3). This species’ range of DTD is large (446 – 1718 m in this sample, 

Multiple Travel Paths method). As a result, interpretations about the biological 

significance of these methodological differences should come from metric comparisons 

(Fig. 4) rather than by percentages alone. On the majority of days, the Center of Mass 

method underestimated DTD by 76-150 meters (Fig. 4). 
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Figure 3. Frequency distribution showing the percentage by which the Center of Mass method 
underestimated DTD compared to the Multiple Travel Paths method (n = 30). 
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Figure 4. Frequency distribution showing the Center of Mass method’s metric underestimation of 
daily travel distance compared with the Multiple Travel Paths method (n = 30).  

 

In addition to DTD varying between methods, the Center of Mass method’s range 

of DTD measurements was less than the Multiple Travel Paths’ range. DTD ranged from 

446 – 1718 meters (range of variation: 1272 m) using the Multiple Travel Paths method 

and from 411-1481 meters (range of variation: 1070 meters) using the Center of Mass 

method. Overall, data from the Center of Mass method were less variable and apparently 

less accurate, providing a less refined method for measuring DTD or detecting DTD 

correlates. 
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Home Range Area 

 

Home range size varied among the methods used (Tab. 2, Figs. 5-13). Depending 

on the group, the Minimum Convex Polygon method or large quadrats (0.25 ha) 

produced the largest estimates of home range size. Smaller quadrats (0.0625 ha) produced 

intermediate estimates, and the Behavior-corrected Polygon method provided the smallest 

estimates of home range size (Tab. 2). The smaller estimations resulting from the 

Behavior-corrected Polygon method imply that this method was better at removing 

lacunae than were the other methods. 

 

Table 2. Home range area (in hectares) for the primary Udzungwa red colobus focal groups, 
calculated using multiple methods (based on 48 focal follow days of Group 1; Group 2, n = 51; 
Hondo Hondo group, n = 30). Groups 1 and 2 were located in Magombera Forest and Hondo 
Hondo group in Mwanihana Forest. 

minimum 
convex 
polygon

quadrat 
(0.25 ha)

adjusted 
quadrat 
(0.25 ha)

quadrat 
(0.0625 ha)

adjusted 
quadrat 

(0.0625 ha)

behavior-
corrected 
polygon

1 13.2 16.3 15.6 12.4 11.4 8.8
2 18.6 20.8 20.4 17.8 17.0 12.7

Hondo Hondo 20.8 19.8 19.1 15.4 13.9 10.2

Home Range Calculation Method

Group

 

Home range size estimations for a group varied according to calculation method. Four methods 
were used: the minimum convex polygon method, the quadrat method (using two quadrat sizes), 
the adjusted quadrat method, and the behavior-corrected polygon method. The adjusted quadrat 
method estimated home range size by counting the area of any quadrat containing only one tree 
(or small area of ground vines) used by the group as half of its area rather than its full area. Other 
quadrats containing two or more trees were counted as their full area. The behavior-corrected 
polygon method estimated home range size by including in the area estimation the trees and vine 
patches entered by the group and excluding the trees, vine patches, and open areas never entered 
by the group. 
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Figure 5. Map of Group 1’s home range area in Magombera Forest, defined by GPS waypoints of 
the trees entered throughout the study by group members. The first column’s map shows GPS 
waypoints of tree locations for trees entered by Group 1. The second column’s map shows the 
home range area calculated using the minimum convex polygon method. The third column’s map 
shows the home range area calculated using the behavior-corrected polygon method which 
includes, in the area calculation, the trees and vine patches entered by the group and excludes the 
trees, vine patches, and open areas never entered by the group (sample days (n) = 48, May 2009 – 
February 2010). 

 

 

Figure 6. Map of Group 2’s home range area in Magombera Forest, defined by GPS waypoints of 
the trees entered throughout the study by group members (n = 51, April 2009 – March 2010). See 
Fig. 5 for details. 
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Figure 7. Map of the Hondo Hondo group’s home range area in Mwanihana Forest, defined by 
GPS waypoints of the trees entered throughout the study by group members (n = 30, June 2009 – 
February 2010). See Fig. 5 for details. 

 

 

Figure 8. Home range area of Group 1 in Magombera Forest with a 50 x 50 m (0.25 ha) quadrat 
overlay. 
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Figure 9. Home range area of Group 1 with a 25 x 25 m (0.0625 ha) quadrat overlay. 

 

 

Figure 10. Home range area of Group 2 in Magombera Forest with a 50 x 50 m (0.25 ha) quadrat 
overlay. 
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Figure 11. Home range area of Group 2 with a 25 x 25 m (0.0625 ha) quadrat overlay. 
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Figure 12. Home range area of Hondo Hondo group in Mwanihana Forest with a 50 x 50 m (0.25 
ha) quadrat overlay. 
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Figure 13. Home range area of Hondo Hondo group with a 25 x 25 m (0.0625 ha) quadrat 
overlay. 

 

The Minimum Convex Polygon areas were 46.5% larger than the Behavior-

corrected Polygon areas for Group 2, 49.9% larger for Group 1, and 103.9% larger for the 

Hondo Hondo group (Figs. 5-7; Tab. 3). The Quadrat method generally provided 

intermediate estimations of home range size (Figs. 8-13; Tab. 3). Among Quadrat 

methods, estimated home range size was largest when 50 x 50 m quadrats were used and 

smallest using adjusted quadrats measuring 25 x 25 m. The adjustments, based on 

reducing the area by half for quadrats containing only one tree entered by the group, were 

conservative and only decreased home range size by an average of 3.4% (for the 50 x 50 
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m quadrat) and 8.1% (for the 25 x 25 m quadrat) (Tab. 3). The primary factor causing 

variation in home range size estimations among Quadrat methods is quadrat size; smaller 

quadrats remove greater areas of lacunae than larger quadrats.  

 

Table 3. Home range size: percentage that method 1 overestimated home range size compared 
with method 2. In the comparison of MCP to large quadrats (0.25 ha), method 1 provided lower 
estimates of home range than method 2 for two groups. 

Group name
MCP: 
BCP

MCP: 
quadrat 
(0.25)

MCP: 
quadrat 
(0.0625)

quadrat 
(0.25 ha): 
adjusted 
quadrat 
(0.25 ha)

quadrat 
(0.25 ha): 
quadrat 

(0.0625 ha)

quadrat 
(0.0625): 
adjusted 
quadrat 
(0.0625)

quadrat 
(0.25 ha): 

BCP

quadrat 
(0.0625 ha): 

BCP
1 49.9% -19.0% 6.5% 4.5% 31.5% 8.8% 85.2% 40.9%
2 46.5% -10.6% 4.5% 2.0% 16.9% 4.7% 63.8% 40.2%

Hondo Hondo 103.9% 5.1% 35.1% 3.7% 28.6% 10.8% 94.1% 51.0%  

The size of the home range for each group was calculated using several methods. MCP = 
minimum convex polygon method; BCP = behavior-correct polygon method; adjusted quadrat = 
described in Methods section. 

 

Results of a pair-wise comparison of methods showing how one method 

overestimated home range size compared to another method are included in Tab. 3. Of 

the conventional methods, the 25 x 25 m Quadrat method most closely approximates the 

home range size estimated by the Behavior-corrected Polygon method. However, even 

the 25 x 25 m Quadrat method overestimates home range size by an average of 44.0%, 

and the conservatively adjusted 25 x 25 m quadrat overestimated home range size by an 

average of 33.1%.  
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Discussion 

 

Daily travel distance methods comparison 

 

Multiple Travel Paths Method 

The Multiple Travel Paths method provides estimates of an arboreal primate 

group’s DTD that are more representative of the true distance traveled than estimates 

made using the Center of Mass method. DTD is, on average, 12.5% or 132 meters shorter 

when calculated using the Center of Mass method. When logistically possible, the 

Multiple Travel Paths method should be used for measuring DTD in arboreal primates. 

The Multiple Travel Paths method has the additional benefit of providing a 

replicable data set. Waypoints are not taken at a perceived central location amidst a group 

or below a specific monkey; waypoints are taken at the trunks of tagged trees that were 

physically entered by group members. As trees are immobile, travel paths can be 

reconstructed and recalculated from travel path data.  

The Multiple Travel Paths method has two drawbacks. First, the data collection 

and calculations are time-intensive, which makes collecting data on additional variables 

difficult. Second, to properly record all travel paths taken by the group, multiple 

observers must be present to pursue the various travel paths. Often, there are only slight 

variations in the travel path that can be accurately recorded by a single observer. 
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However, sometimes these groups of red colobus split into travel paths that were more 

than 50 meters apart and required multiple observers to record. 

URC groups varied in the degree to which their DTD estimates were affected by 

measurement method. This discrepancy among groups can be explained by habitat 

differences rather than differences in how often the groups traveled by multiple paths. 

Group 1 and Group 2 home range covered flat terrain, and monkeys moved through tall 

trees, high in the canopy. These groups’ travel paths could be observed from far 

distances, resulting in well-documented travel path records. Conversely, Hondo Hondo 

group’s terrain was a series of hills and valleys, and the dominant tree species, Sorindeia 

madagascariensis, was much shorter than the dominant species in Group 1’s and Group 

2’s home ranges (Erythrophleum suaveolens and Isoberlinia scheffleri). As the Hondo 

Hondo group progressed through Sorindeia trees, observations became difficult beyond 

15 or 20 m. These features made recording complete and accurate travel paths for Hondo 

Hondo group challenging, sometimes requiring that a straight distance be measured from 

the last known tree to the next location. Due to this bias, Groups 1’s and 2’s results seem 

more accurate, suggesting that the Center of Mass method underestimates DTD by 14% 

on average under ideal conditions. 

Considering these costs, the Center of Mass method may be more advantageous 

than the Multiple Travel Paths method in some situations. A difference averaging 10-

15% or 76-150 m may be insignificant depending on the research question. Additionally, 

the Center of Mass method probably provides similar estimates of DTD compared to the 

Multiple Travel Paths for 1) small groups, 2) groups living in habitats with limited 
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potential travel pathways, and 3) groups in habitats with poor distance visibility. This 

study demonstrates how the third factor reduced the difference between Center of Mass 

and Multiple Travel Paths estimations of DTD. 

 

Center of Mass method 

The Center of Mass method has been used for decades as the main method for 

calculating daily travel distance for primate groups. Two primary advantages of this 

method are that distance can be calculated by a single observer and can be calculated 

more easily by summing distances between consecutive points.  

The disadvantage of the Center of Mass method is that it provides significantly 

lower estimates of DTD than primate groups are actually traveling. When the center of 

mass is determined by plotting all individuals at each move, DTD was underestimated in 

this study by an average of 12.5% or 132 meters compared with Multiple Travel Paths 

estimates. However, most researchers are now taking center of mass measurements with 

GPS units without plotting the group’s individuals and by marking center of mass at set 

time intervals. This method further underestimates DTD by recording only points along a 

track rather than a point at each deviation from a straight line. 

Plotting a center of mass without plotting the group’s individuals can contribute 

error to calculations and assessments. First, researchers lose information on group spread 

and areas of use within the home range. Second, the DTD measurement cannot be 

replicated if only a center of mass was marked without referencing where the individuals 

were located; researchers must assume that they marked center of mass without error and 
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cannot verify their original assessments of center of mass. Third, center of mass points 

may fall in areas of the home range that the study subjects never actually used (e.g. a vine 

patch surrounded by a group of trees), providing less useful information for 

understanding habitat use. Finally, if using center of mass points as home range points for 

determining home range area, the home range area will be underestimated by excluding 

data on group dispersion and the locations of the most peripheral individuals.  

However, more traditional Center of Mass methods, where all individuals are 

plotted at each move, can provide estimates of DTD that are relatively similar to 

estimates made from the Multiple Travel Paths method. These data points would also 

provide equally accurate data for measuring home range size. As previously mentioned, 

the Center of Mass method may be more suitable than the Multiple Travel Paths method 

depending on habitat limitations, research goals, and the number of observers.  

 

Implications for DTD research 

 

The results of these methodological comparisons have important implications for 

previous and future research and conclusions based on DTD calculations. Overall, the 

Multiple Travel Paths method provides more representative estimations of DTD than the 

Center of Mass method. Therefore, any equations requiring DTD estimates will provide 

results that are more behaviorally representative as a result of this methodological 

improvement. However, as previously discussed, the Center of Mass method may be 

preferable or necessary under certain situations.  
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Previous studies that reported DTD in primate groups based on Center of Mass 

measurements likely underestimated DTD. The severity of underestimation will depend 

primarily upon methodological details (e.g. center of mass plotted at each move or at time 

intervals) and group cohesiveness (how often and for how far the group split into multiple 

paths, which will depend in part on habitat variables such as tree density). In this study, 

the range of metric variation between methods depended on group cohesiveness. On the 

day the group was most cohesive, methods only differed in their estimations of DTD by 9 

meters. On the least cohesive sample day, DTD was underestimated by 372 meters using 

the Center of Mass method. This underestimation must be considered when assessing and 

comparing studies that measured DTD using a Center of Mass method. 

Primatology research can benefit from methods of estimating DTD that are more 

representative and record more exact travel paths. To test the Optimal Foraging Theory 

(e.g. MacArthur and Pianka 1966, Schoener 1971), for instance, many types of data must 

be collected including 1) the order of food trees (“patches”) visited, 2) the quality and 

quantity of food ingested, 3) the duration of the visit at each patch, 4) energy 

intake/spent, 5) food depletion at each patch, and 6) the distances traveled and time spent 

to get to the next patch. Data collected using the Multiple Travel Paths method can be 

used, in part, for testing foraging models because order of tree entry and distances 

between trees is recorded. Rather than calculating a straight-line distance or Center of 

Mass distance between feeding patches, this new method allows researchers to calculate 

the distance of the exact travel paths between patches.  
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Another application of the Multiple Travel Paths method is to more accurately test 

the Ecological-Constraints Model. Proponents of this model (e.g. Chapman and Chapman 

2000; Gillespie and Chapman 2001) hypothesize that group size is constrained by intra-

group feeding competition and predict that DTD will increase with group size when food 

availability is taken into account. Tests of this model have used DTD estimates derived 

from Center of Mass methods (e.g. Gillespie and Chapman 2001: perceived center of 

mass at 15-minute interval). The Multiple Travel Paths method can improve the DTD 

estimations needed for testing this hypothesis.  

One might argue that DTD method choice may not affect a study’s results as long 

as data were collected with methodology consistency. I would argue against this 

suggestion, at least for studies of large groups of red colobus (~30-45 individuals). 

Regressing the percentage by which the Center of Mass method underestimates DTD by 

DTD (calculated with the Multiple Travel Paths method) reveals no relationship between 

these variables (Fig. 8; n = 30, F = 0.0018, p = 0.9662, R = -0.008, R2 = 0.00007). This 

random variation implies that the Center of Mass method underestimates DTD by varying 

amounts and that daily variation in group cohesiveness will differentially impact Center 

of Mass DTD data within a study.  
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Figure 14. There is no relationship between daily travel distance estimates made with the MTP 
method and the percentage by which the CM method underestimates DTD compared to the MTP 
method (n = 30, p = 0.9662, R = -0.008). 

 

Future considerations for applying the Multiple Tra vel Paths method 

 

The Multiple Travel Path method was tested on four habituated, wild groups of 

URC. Red colobus are relatively slow-moving, arboreal monkeys that often travel in a 

procession with some of the leading monkeys beginning to move up to 30 minutes before 

the last group members. These qualities provide researchers with adequate time to 

accurately record multiple travel paths. However, the Multiple Travel Paths method may 

be problematic when applied to arboreal monkeys that move quickly and spread out in a 

broad front. For species with these movement patterns or living in fusion-fission societies 
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(e.g. spider monkeys and chimpanzees), it might be impossible to account for every travel 

path.  

Another consideration is the application of this method to terrestrial primates. 

Terrestrial primates are negotiating an entirely different type of substrate, one which does 

not limit an animal to specific path options in the same manner as tree location does for 

arboreal primates. Each terrestrial group member takes a slightly different path across the 

ground. For arboreal primates, waypoints are taken at every tree entered. What would the 

waypoints represent for terrestrial primates? And how different must terrestrial paths be 

to signify a separate path? 

Given the challenges, labor intensive effort required, and potentially limited 

applications of the Multiple Travel Paths method, the Center of Mass method is likely to 

remain a common method for measuring DTD. The Center of Mass method can produce 

estimates of DTD similar to those made with the Multiple Travel Paths, but how accurate 

and representative those estimates are of a group’s DTD will depend upon the Center of 

Mass method used. Center of Mass measurements where individuals are plotted at each 

move, rather than at set intervals, provide more detailed and accurate path lengths than 

punctuated measurements at set time intervals; measurements taken at set time intervals 

require the observer to measure straight-line distances for a path that, if it involved more 

than two trees, was not likely to be straight. Additionally, plotting all of the group’s 

individuals at each move (rather than just their perceived center of mass) provides a rich 

data set from which home range size and group dispersion calculations can be made. 
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Home range area methods comparison and research app lication 

 

The three methods compared for estimating home range size gave different 

results. Estimations of home range size were largest using the Minimum Convex Polygon 

method and large quadrats (0.25 ha), intermediate using small quadrats (0.0625 ha), and 

smallest using the Behavior-corrected Polygon method. Each of these methods is useful 

for answering specific types of research questions. 

The Behavior-corrected Polygon method provides the smallest estimates of home 

range size, meaning that this method is the most effective of the three at excluding 

lacunae. The Behavior-corrected Polygon method is best for conducting ecological 

assessments of a group’s home range because areas the group entered and avoided within 

its home range border can be identified. Subsequent ecological surveys of these areas can 

identify possible factors that correlate with use or avoidance. The Behavior-corrected 

Polygon method should also be considered when developing conservation strategies for 

species since data collected using this method give the most accurate account of what 

plant species and habitat types are being used and avoided by a species. 

Quadrat methods varied substantially in their estimations of home range size, with 

25 x 25 m quadrats excluding more lacunae from the home range estimate than 50 x 50 m 

quadrats. Home range estimates differed by an average of 25.7% based on quadrat size 

alone, indicating that researchers should aim to use smaller quadrat sizes when possible 

to achieve more accurate estimates of home range size. Marsh (1981b) had similar results 
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when comparing the effect of quadrat size on home range estimates in Tana River red 

colobus.  

While the home range estimations from the adjusted 25 x 25 m quadrat are larger 

by an average of 33.1% than those from the Behavior-corrected Polygon method, the 

Quadrat method is useful for ecological assessments or conservation planning. However, 

it must be emphasized that not all trees or vine areas included in the quadrats are 

necessarily used by the study species. Furthermore, many corrections have been designed 

to further reduce the lacunae included in quadrats (see Struhsaker 1975). The adjustment 

method used in this study was conservative and, with more stringent reductions, would 

provide similar estimates of home range size to those made using Behavior-corrected 

Polygon methods. Other studies that employed stricter lacunae adjustments should 

provide equally accurate data for ecological and conservation assessments as the 

Behavior-corrected Polygon method. 

Home range size estimations were generally larger when calculated using the 

Minimum Convex Polygon method. For two groups, the Quadrat (0.25 ha) method 

produced a larger home range estimate. The Minimum Convex Polygon method 

determines the border of a group’s home range and makes no attempt at excluding 

lacunae from the interior of that border. This method is best for determining the group’s 

space requirements. All forests are heterogeneous, and regardless of forest quality or 

location, a group will encounter a forest patch that it won’t use for whatever reason. 

Knowing the space requirements of a species is necessary for developing appropriate 

conservation strategies. A researcher could interpret from the Behavior-corrected 
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Polygon method, for example, that a group required 12.7 ha of space because only 12.7 

ha of space was physically entered by this group; however, this same group used 18.6 ha 

of space according to the Minimum Convex Polygon, and this is a more realistic 

estimation of the group’s space requirements given the habitat heterogeneity of tropical 

forests. 

For the same reason of habitat heterogeneity as discussed above, the Minimum 

Convex Polygon method is also best for making population density estimations. Areas of 

forest are not equally used by red colobus, but density estimates are typically made by 

extrapolating home range data from one small area to characterize the entire forested 

area. Population density estimations are more accurate when calculated using home range 

data from focal follows (rather than from transect data) (Struhsaker 2010) but also require 

information on home range overlap for multiple groups, which are not always available.  

Differences in habitat structure can explain why method variation impacted some 

groups’ home range estimates more dramatically than others. First, Group 1’s home range 

in Magombera Forest had a larger perimeter of forest edge compared with the other two 

groups and more disturbance along the perimeter as a result. Large patches of vines or 

grasses grew in areas where trees had been logged, and most of these patches were not 

entered by the group. As a result, home range estimates calculated using the Minimum 

Convex Polygon method and Quadrat method included more lacunae patches for Group 1 

than Group 2, particularly along the forest edge. Second, the difficult terrain within 

Hondo Hondo group’s home range in Mwanihana Forest meant losing the group’s travel 

path more often than Magombera groups’ paths. As a result, there were areas classified as 



 

47 

lacunae within Hondo Hondo group’s home range based on lack of data. This explains 

why Minimum Convex Polygon and Quadrat methods produced proportionally larger 

estimates of home range size for the Hondo Hondo group than the Magombera groups. 

This finding suggests that hilly terrains will require greater focal follow sample sizes to 

achieve the same level of accuracy in home range estimates as achieved in other habitat 

types. 

 

Implications for cross-study comparisons with home range data 

 

When comparing ranging behavior among studies, researchers often expect intra- 

or interspecific variation. However, the variation introduced by the method may, as 

demonstrated in this chapter, may mask the variance explained by ecological/biological 

differences. 

The most accurate home range comparisons can be made between studies which 

employ identical methods. When comparable data are unavailable, researchers could 

consider using the raw data (if available) to recalculate home range areas across the 

studies. Most useful would be if researchers reported multiple estimations of home range 

size using multiple methods. As a result, each primate group may have a range of home 

range size estimations rather than a single estimated value, and researchers could 

determine which value is most appropriate to use based on research scope. 
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Measuring Ranging Statistics: Groups versus Individ uals 

 

Whether ranging data are collected from groups or individuals depends upon your 

research question. My research interest is in determining how specific ecological 

variables affect the behavioral ecology of a group. However, if the question concerns 

variation in DTD or home range size among individuals (e.g. do pregnant females travel 

farther each day in disturbed or undisturbed forests to meet their nutritional 

requirements?), the methods for studying ranging behavior may differ from those 

compared in this chapter.  

DTDs of individuals are determined from focal follows. In this case, the Center of 

Mass method or Multiple Travel Paths method would be inappropriate. Instead, 

movements are typically plotted on detailed maps of the individual’s home range or 

tracked using a GPS collar to estimate DTD. While GPS collars reduce the amount of 

time required in the field, the raw data provide inaccurate estimates of DTD. As a GPS 

unit tracks distance and location, the unit updates its location in relation to accessible 

satellites at set intervals (typically ranging from a fraction of a second to thirty seconds). 

When an animal is not moving as the unit updates, a location error accumulates as a 

result of location updates with the satellites, adding a segment of a few meters onto the 

DTD estimate at every update. As a result, DTD calculated from raw GPS data can be 

more than twice the actual travel distance. Fortunately, there are methods for reducing or 

even removing this GPS distance error such as reducing the frequency of satellite 
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updates, combining GPS and accelerometer data, and/or removing any GPS 

points/distance segments that are less than the average location error away from the 

previous point (e.g. Rothwell et al 2011). 

Methods for calculating home range size for individuals and for groups, on the 

other hand, are the same. In addition to the methods compared in this chapter, home 

range size can be calculated from GPS collar data. In the case of home range estimates, 

the GPS location error should have little effect when calculating a border (Minimum 

Convex Polygon method), quadrat entered (Quadrat method), or area crossed through 

(Behavior-corrected Polygon). 

 

Conclusions 

 

Two novel methods for measuring ranging statistics were compared with standard 

methods. Both novel methods – the Multiple Travel Paths method for estimating DTD 

and the Behavior-corrected Polygon method for estimating home range area – provided 

more behaviorally representative estimations of their respective ranging statistic than the 

standard methods evaluated. 

Both DTD and home range size estimations varied based on method choice. 

Estimations of DTD were consistently shorter when calculated using the Center of Mass 

method compared with the Multiple Travel Paths method. Results from this chapter 

demonstrate that the Multiple Travel Paths method gives more representative estimates of 
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distance traveled, providing better data for various assessments (e.g. testing foraging 

models, determining ecological correlates with behavior, and comparative studies).  

Drawbacks of the Multiple Travel Paths method include 1) requiring multiple 

observers, 2) time intensive data collection, and 3) being difficult to employ correctly in 

habitats with low visibility. As a result, the Center of Mass method may continue to be 

important for some arboreal primate studies. Methods for maximizing the accuracy of 

Center of Mass estimates of DTD include mapping individual monkeys at each move 

rather than at set intervals of time. 

Home range methods were compared in terms of areal estimations and 

applicability to specific types of research. Home range estimations were generally largest 

using the Minimum Convex Polygon method of calculation, intermediate using the 

Quadrat method, and smallest using the Behavior-corrected Polygon method. The small 

quadrat (0.0625 ha) removed more lacunae from the home range estimate than the large 

quadrat (0.25 ha) and should be preferentially employed. Of these, the Behavior-

corrected Polygon method is the most effective for reducing lacunae from the home range 

estimate. However, if strict corrections for lacunae are made, the Quadrat method should 

remove lacunae as efficiently as the Behavior-corrected Polygon method. The Quadrat 

and Behavior-corrected Polygon methods are best for ecological assessments and aspects 

of conservation planning. The Minimum Convex Polygon method is best for determining 

space requirements for a species and for estimating population density. 

Overall, researchers must take into consideration these methodological biases. For 

comparative studies, it is crucial to know if results differ due to real biological 
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differences or methodological differences. When designing any research project, and 

especially when designing conservation plans for a species, researchers must consider 

what methods are best based on their goals.  
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3. Home Range Size and Characteristics 

 

Introduction 

 

The primary goal of this chapter is to examine the relationship between food 

variables (e.g. food density, availability, and diversity) and home range size in four focal 

groups of the IUCN-endangered Udzungwa red colobus monkeys (URC, Procolobus 

gordonorum; IUCN: Struhsaker et al 2008), endemic to the Udzungwa Mountains of 

Tanzania. The secondary aim of this chapter is to test some alternative hypotheses 

relating home range size to group size and intra- and interspecific population density. The 

third aim of this chapter is to estimate URC population density based on home range size 

and overlap of neighboring URC groups. 

In one of the first evaluations of the home range concept, home range was defined 

as “the area traversed by the individual in its normal activities of food gathering, mating, 

and caring for young,” and factors that might influence an individual’s home range size 

were outlined, including population density, sex, age, and season (Burt 1943). Since this 

early work, ecologists and primatologists have studied how animals interact with their 

environment, and how an animal’s behavioral ecology influences its use of home range 

(e.g. McNab 1963; Struhsaker 1967, 1974, 1975, 2010; Clutton-Brock 1975; Milton and 

May 1976; Clutton-Brock and Harvey 1977; Harvey and Clutton-Brock 1981; Marsh 

1981b).  
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Some knowledge of red colobus feeding ecology and physiology is required to 

develop hypotheses relating home range size to food variables. Red colobus taxa 

generally feed on a large number of plant species, rarely deplete a food tree before 

switching to another tree, and feed selectively on species-specific food parts (Struhsaker 

2010, Marsh 1981a,b, Starin 1991, Decker 1994). These findings suggest that food 

quantity alone does not explain home range size. Based on these behaviors, the red 

colobus dietary strategy seemingly involves nutrient balancing to maximize energy and 

nutrient intake while avoiding large concentrations of particular plant secondary 

compounds (discussed thoroughly in Ch. 6) (e.g. Freeland and Janzen 1974, Westoby 

1974, Mowry et al 1996, Lambert 1998, Wiggins et al 2006, Struhsaker 2010). Therefore, 

hypotheses relating home range size to food variables must consider the apparent 

importance of nutrient balancing. 

Marsh (1981b) and Struhsaker (2010) hypothesized that red colobus home range 

size would be dependent upon food variables within the home range. Marsh (1981b) used 

species-area curves as a measure of resource distribution and hypothesized that home 

range size would be dependent upon its species-area curve. He predicted that if the 

number of tree species surveyed within the home range reached an asymptote in 

relatively few transects and/or at a low number of species, monkeys would not be 

expected to range far or in diverse patterns because increasing the size of the home range 

would provide minimal benefits in terms of access to additional tree species. A 

comparison between Kibale and Tana River red colobus supported his hypothesis (Marsh 
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1981b), suggesting that tree species richness and distribution may be correlates of red 

colobus home range size. 

An intertaxa comparison indicated that red colobus home ranges are usually larger 

in large blocks of wetter forest that are less seasonal (Struhsaker 2010). However, no 

general measurements of food characteristics such as tree density, size, or dispersion 

consistently related to home range size and suggest that basic measurements meant to 

represent food quantity cannot explain home range size across red colobus taxa in 

varying habitat types. 

Alternative hypothetical correlates of red colobus home range size have been 

summarized by Marsh (1981b) and Struhsaker (2010) as 1) group size, 2) intraspecific 

population density (which corresponds to feeding competition), and 3) interspecific 

population density of food competitors. 

First, home range size and overlap are compared among groups and by 

measurement method. I correctly hypothesized in Ch. 2 that home range size is dependent 

upon measurement method. Knowing this, multiple estimates of population density were 

calculated to understand how home range methods affect estimates of URC population 

size and density, statistics necessary for conservation assessments. The most accurate 

estimates of primate population size and density come from focal follow data (Struhsaker 

2010), and this chapter presents the first data on home range size and overlap in URC.   

 Next, as part of my primary goal of understanding how food variables relate to 

home range size, vegetative parameters (e.g. tree species density, size, and richness), 

species assemblages, and species compositions within home ranges are described for four 
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URC groups in Magombera and Mwanihana Forests. Using these vegetative data, I tested 

the following hypotheses and predictions. 

H1: Home range size is dependent upon food variables within the home range. 

P1a: Home range size will inversely correlate with food density, availability 

(determined using Siex’s (2003) quantity index), and species diversity. 

P1b: Home range size will be larger when food-species area curves are steeper 

and higher (Marsh 1981b). 

P1c: Home range size will be smaller when top food species have clumped 

dispersions (Mitani and Rodman 1979, Siex 2003, Struhsaker 2010). 

P1d: Home range size will be larger when URC groups feed selectively rather 

than as expected based on species abundances within the home range. 

 

Habitat quality is a generalized term used to describe characteristics about a 

habitat such as forest size, tree density, tree size, species richness, species diversity, 

species-area curves, and food availability. Which components contribute to a high quality 

habitat are species-specific and based on the behavioral ecology of the study species. In 

this study, I consider food variables that correlate with home range size as components of 

a high quality home range for URC. I hypothesize that home range size will be dependent 

upon habitat quality and predict that higher quality home ranges will be smaller. 

 

I also tested hypotheses and predictions discussed primarily by Struhsaker (2010) 

and Marsh (1981b) in relation to red colobus. 
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H2: Home range size is dependent upon group size (argued against by Marsh 

1981b, Struhsaker 2010). 

P2: As group size increases, home range size will increase. 

H3: Home range size is dependent upon intraspecific population density (argued 

against by Marsh 1981b, Struhsaker 2010). 

P3: As intraspecific population density increases, home range size will decrease 

due to aggressive intraspecific interactions related to intergroup feeding competition. 

H4: Home range size is dependent upon the interspecific population density of 

food competitors (argued for by Clutton-Brock and Harvey 1977, against by Marsh 

1981b). 

P4: As interspecific population density of food competitors increases, home range 

size will increase due to interspecific feeding competition (resulting in lower per capita 

food availability). 
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Materials and Methods 

 

Study area 

 

This study was conducted in the Udzungwa Mountains (centered near 8° 20’S, 

35° 50’E (Struhsaker et al 2004)) and nearby Kilombero Valley of south-central Tanzania 

(Fig. 1, Ch. 2). Four URC groups were studied in two forests: Mwanihana Forest in the 

Udzungwa Mountains and Magombera Forest in the adjacent Kilombero Valley.  

Research in Mwanihana Forest was conducted between coordinates 7°49.6’- 

7°51.0’S, 36°52.9’ - 36°53.4’E and at a median elevation of 345 m. Mwanihana Forest 

has an area of 150.6 km2 with 69.3 km2 of closed canopy forest (Marshall et al 2010) and 

is located within the Udzungwa Mountains National Park (UMNP, 1990 km2) (Rovero et 

al 2006).  The study area in Magombera Forest was located between 7°48.7’ - 7°49.0’S, 

36°57.1’ - 36°57.6E at a median elevation of 282 m. Magombera Forest has an area of 

11.89 km2 but with only 6.85 km2 of closed canopy forest (Marshall et al 2010). 

Magombera Forest is an unprotected forest island located between the Selous Game 

Reserve and the UMNP and is surrounded by the villages of Katurukila, Magombera, 

Kanyenja, and Msolwa Stesheni. Mwanihana and Magombera Forests are separated by 7 

km of agricultural land, but a corridor existed between them as recently as 1979 (Rodgers 

et al 1979, as cited by Marshall 2008b). The Mwanihana study area is within a 

semideciduous, lowland forest, while the Magombera study area is located in a 

semideciduous, ground-water, lowland forest. Based on fifteen years of meteorological 
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data collected at Kilombero Sugar Company’s Msolwa Mill (7° 43' 30.40" S, 36° 59' 

27.48" E), the rainy season lasts from November to May with two peaks in December and 

March (data provided by Don Carter-Brown, Managing Director of Kilombero Sugar 

Company). Mean maximum temperature during the study was 32.4°C and mean 

minimum temperature was 20.7°C. This weather station was located 10.8 km NE from 

the Magombera Forest study area and 16.3 km NE from the Mwanihana Forest study 

area.  

Each study group’s home range shared at least one border with the forest edge and 

was located within disturbed forests that were exploited for firewood collection and 

logging. While the UMNP has protective status, there was evidence of tree pole 

extraction and animal trapping in Mwanihana. Magombera currently has no protective 

status, and there was evidence of hunting, animal trapping, timber extraction, pole 

extraction, and intentional fires.  

 

Study groups 

 

In the northwest triangle of Magombera Forest, two neighboring URC groups 

were habituated and studied: Group 1 (30-33 individuals) and Group 2 (39-42 

individuals). In Mwanihana Forest, two groups with home ranges 1300 meters apart were 

studied: Campsite 3 (43 individuals) and Hondo Hondo (42-43 individuals) groups (Fig. 

2, Ch. 2). (The Campsite 3 group ranged near UMNP’s campsite 3. The Hondo Hondo 

group ranged near the privately-run Hondo Hondo campsite. These campsites can be 
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accessed from the Mikumi-Ifakara road.) My aim was to habituate groups of 

approximately equal sizes and to select groups that would take relatively little time to 

habituate. It was difficult to meet both criteria with neighboring groups in Mwanihana 

Forest, so distant groups were selected. During each follow, group identity was 

confirmed based on the location of the group and the presence of known individuals. 

Individuals were differentiated based on pelage, facial coloration, and morphology (stiff 

digits, injury scars, body size, etc.).  

The Campsite 3 group disappeared from its original ranging area and was not 

relocated after 11 days of searching from November 2009-March 2010. Limited home 

range data are available, and home range size was not calculated for Campsite 3 group. 

However, this group’s known home range was characterized and is described in this 

chapter for reference for other chapters.  

 

Methods for estimating home range size 

 

Home range size was calculated based on 48 focal follow days of Group 1 

(Magombera Forest) from May 2009-February 2010, 51 focal follow days of Group 2 

(Magombera Forest) from April 2009-March 2010, and 30 focal follow days of Hondo 

Hondo group (Mwanihana Forest) from June 2009-February 2010.  Each focal group was 

followed from sunrise to sunset (≥ 11.5 hours/day) on approximately four near-

consecutive days each month. A phenology assessment of the group’s home range was 
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conducted in the middle of the study week. Each week-long period where a focal group 

was observed was considered a sample period.  

When a focal group was observed, each new tree entered by any member of the 

focal group was assigned a numbered aluminum tree tag, given a corresponding GPS 

waypoint number, measured in diameter at a height of 1.3 meters (diameter at breast 

height or DBH), and taxonomically identified. The GPS waypoints were taken at the 

trunk of each tree. Garmin GPSMAP 60Cx GPS units were used for all GPS data 

collection and were accurate to within a few meters. Communication between the GPS 

unit and nearest satellites was never lost. Using Mapsource software (Garmin 2010), a 

final map was created for each group showing all trees entered by the group, representing 

the home range area of each group. 

Home range area was calculated using three methods: Minimum Convex Polygon 

method, the Quadrat method, and my novel Behavior-corrected Polygon method. Home 

range area was calculated with the Minimum Convex Polygon method using ArcGIS 9.3 

(ESRI 2008) and the Hawth’s Analysis Tool extension (Beyer 2007). The Minimum 

Convex Polygon method defines home range area as the area enclosed by the outermost 

points used by the group. All perimeter angles must be convex. All trees entered by the 

group represent the points of the home range area. 

The Quadrat method (following Struhsaker 1975) defines home range area as the 

sum of the quadrat areas entered by the group. The home range area of a group, defined 

in this study by the trees cumulatively entered by a group’s individuals during the study, 

is segmented into a grid, creating quadrats of equal size. Among primate studies, quadrat 
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size is typically either 25 m x 25 m (0.0625 ha per quadrat) or 50 m x 50 m (0.25 ha per 

quadrat), and both quadrat sizes were used in this study. A quadrat is included in the 

home range if at least one home range waypoint was located within the quadrat. To 

calculate home range, the quadrat areas were summed. If only part of a tree’s waypoint 

symbol fell within a quadrat, it was considered to be within the quadrat if over half of the 

symbol fell within the quadrat. 

In addition to calculating and reporting these Quadrat home range area 

estimations, adjustments are often made to reduce lacunae (areas within the perimeter of 

the home range but not physically entered by the group), several methods of which are 

described by Struhsaker (1975). In this study, an adjusted area calculation was used: any 

quadrat containing only one tree entered by the group was counted as half of its area 

rather than its full area.  

The Behavior-corrected Polygon method defines home range area as the sum of 

the polygon areas entered by the group. Polygons were drawn in ArcGIS 9.3 (ESRI 2008) 

using the editor toolbar. Every tree or vine patch entered by the group was included in a 

polygon, but, unlike the Minimum Convex Polygon method, polygon angles were not 

necessarily convex and unused areas were excluded from the polygons. Unused areas, 

such as large vine patches or dead trees, were located within the borders the group’s 

home range, and some were never physically entered; instead, the group traveled around 

the unused area by taking a path through the trees.  
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Methods for estimating population size and density 

 

Population size and density of URC in Magombera Forest were estimated from 

Group 1’s and Group 2’s home range data, including data on home range overlap. The 

extent of home range overlap between Groups 1 and 2 was known from focal follows. 

Two additional groups overlapped with Group 2’s home range: Group 3 and Group 4. 

One focal follow of Group 3 was conducted; otherwise, data on these groups were 

collected opportunistically during focal follows of Group 2 and, therefore, represent 

minimal estimates of range overlap. Areas of overlap were calculated between the focal 

group and each neighbor group. For instance, trees entered by Group 2 but also entered 

by Group 3 were mapped in ArcGIS 9.3 (ESRI 2008), and a minimum convex polygon 

was drawn around the trees using the Hawth’s Analysis Tools extension (Beyer 2007) to 

calculate the area of overlap. While I argue that the Minimum Convex Polygon method is 

best for estimating population densities (Ch. 2), overlap estimations were also made using 

the Quadrat method (with 0.0625 ha quadrats) for comparison. 

To account for areas of overlap between groups, home range size can be divided 

either by the number of groups using the overlap area or the number of individuals using 

the overlap area. To compare home range use and size among URC groups, home range 

overlap accounted for using the following equation: 

E + ∑Oi/2 
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where E is the area of forest exclusively used by the focal group and Oi is the area 

of forest used by the focal group and neighbor groupi.  

For estimating population density and size, home range overlap was accounted for 

using the following equation: 

E + ∑((Oi/TIi) x N)  
 
where E is the area of forest exclusively used by the focal group, Oi is the area of 

forest used by the focal group and neighbori, TIi is the total number of individuals (focal 

group + neighbor groupi) using the overlap areai, and N is the number of individuals in 

the focal group. 

The Udzungwa red colobus monkey’s population size in Magombera Forest was 

estimated by the following equation: 

population size =              number of individuals             x forest size 
                     home range size (adjusted for overlap) 

 The Udzungwa red colobus monkey’s population density in Magombera Forest 

was estimated by the following equation: 

population density (individuals/km2) = number of individuals            
        home range size (adjusted for overlap) 
 

Vegetation transects 

 

Vegetation surveys were conducted within each group’s home range using the 

transect method. These surveys were conducted at the completion of the behavioral study, 

when the boundaries of each group’s home range were known. Thirty transect locations 
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were randomly selected from approximately 200 randomized latitude/longitude locations 

within each home range. Each transect was 50 meters in length along a randomly chosen 

cardinal direction. No transect areas overlapped. Trees with trunk centers within 2.5 m of 

either side of the transect line and at least 20 cm DBH (diameter at breast height = 1.3 

meters) were measured and taxonomically identified. A length of 1500 m and area of 

0.75 ha was sampled within the home range of each URC group, totaling between 5.9 – 

8.5% of each group’s home range area. Data were recorded on dead trees but were not 

used for any calculations of habitat variables. 

DBH was calculated as circumference (in cm at a height of 1.3 m)/π. If present, 

additional stems were counted and measured. For trees with multiple stems at breast 

height, DBH was calculated using Chojnacky and Rogers’ (1999) equation: 

              _____ 
 Total DBH = √ Σ d2

i  where di is the diameter of a stem of tree i. 
 

Trees were identified by Aloyce Kisoma (of Magombera village and field 

assistant for the Udzungwa Ecological Monitoring Centre, Mang’ula, Tanzania) and 

myself. Each species was photographed in detail. Species’ identities were confirmed in a 

number of ways: referencing an extensive list of local trees made by Dr. Andy Marshall 

(confirmed at the University of Dar es Salaam herbarium or by East African botany 

specialists) (Marshall 2008a,b and unpublished) and verifying those identifications from 

tree identification books (Lovett et al 2006, Mbuya et al 1994, and Schulman et al 1998) 

and online flora databases.  
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Habitat Variables 

 

Using transect data, basic habitat variables were calculated for each home range 

(Tab. 4). Additional indices were used to describe and compare the four groups’ home 

ranges. The Jaccard (SJ coefficient) and Sørensen (SS coefficient) Indices quantify tree 

species similarity between pairs of home ranges and are used as indices of habitat 

similarity. These indices are calculated using the following formulas (Krebs 1999): 

   
SJ = ___a____    SS = ___2a____ 
        (a + b + c)           (2a + b + c) 
 
where a is number of species occurring at both sites, b is the number of species 

occurring only at site 1, and c is the number of species occurring only at site 2. 

Coefficients range from 0 to 1 with zero representing no species shared (no similarity) 

and one representing all species shared (complete similarity). These similarity indices use 

presence/absence data and do not incorporate variation of species’ abundances across 

sites. 
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Table 4. A summary of habitat variables calculated for each group’s home range. 

 

 

Species diversity within each home range was measured using the Shannon-

Wiener Diversity Index (H` coefficient). This information theory-based index uses data 

on number of species and number of individuals of those species to measure the 

uncertainty of correctly predicting the next species in a sample. A high H` value indicates 

that there is a large uncertainty of correctly predicting the next sample species, meaning 

that the habitat diversity is high. When comparing H` across samples, greater values of 

H` indicate higher levels of habitat diversity (Krebs 1999). Compared to other diversity 

indices, Stocker et al (1985) found the Shannon-Wiener Index to best incorporate both 

species richness and evenness into its quantification of diversity. The Shannon-Wiener 

Index is calculated using either formula (Brower and Zar 1977): 

H` = - ∑pi ln pi  or alternatively H` = (N ln N – Σ ni ln ni) / N 
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where pi = ni / N or the proportion of the total number of individuals (N) that 

belong to species i, where ln is the natural log, and where ni is the number of individuals 

that belong to species i.  

Tree species evenness in a home range is described with scores ranging from 0 to 

1 with a score of 1 indicating that all species in the sample are equally abundant. 

Evenness (J` coefficient) was calculated based on the Shannon-Wiener Index using 

Linder’s (2008) equation: 

 J` = __H`__ 
           ln S 
 
where H` is the Shannon-Wiener Diversity Index score for that home range, ln is 

the natural log, and S is the total number of species in that home range. 

 

Food tree species variables 

 

These same variables and indices were also calculated to describe characteristics 

of URC food sources, referred to throughout as “food tree species.” Food tree species 

produce at least one species-specific part ingested by URC. A species-specific plant part 

was considered a food item when it comprised at least 2% of the diet during at least one 

monthly sample (from May 2009 – March 2010). This 2% criterion was implemented to 

exclude species-specific parts that were ingested only once (i.e. sampled) and to 

accommodate monthly samples with relatively fewer feeding observations. Using this 
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criterion, an average of 87.4% of the species-specific parts eaten per sample period was 

included in the dietary repertoire.  

Dispersion indices were calculated for the five most frequently eaten food species 

for each group. A dispersion score was calculated for each species using data from the 30 

transect segments from each group’s home range and was defined as the species’ 

variance across transects divided by its mean (count/occurrence) among transects 

(Struhsaker 1975, Brower and Zar 1977). A score of less than one indicates a uniform 

dispersion, more than one indicates a clumped dispersion, and of approximately one 

indicates a random dispersion. A species is randomly dispersed unless its dispersion score 

differs significantly from one. To test for significant deviations from a random 

dispersion, t-values were calculated for each species and compared with critical t-values 

from the Student’s t distribution (following Brower and Zar 1977). When species’ 

dispersions significantly deviated from random, the species’ dispersion score was used to 

determine type of deviation (i.e. whether the dispersion was clumped or uniform). 

 

Phenology assessments 

 

A phenological assessment of a group’s home range accompanied each four-day 

focal-follow. Tree species selected for phenology assessments were determined after 

approximately two months of habituation and/or focal follows per URC group during 

which each group entered between 660-960 total trees. A random sample of ten adult 

trees (for groups in Magombera Forest) or seven adult trees (for groups in Mwanihana 
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Forest) from each of the ten most commonly entered trees by each group was monitored 

for the duration of the study. As it was impossible to predict which species would 

ultimately serve as URC food sources, phenology tree species monitored in this study 

were not necessarily food sources.  

Following Struhsaker (1975), seven phytophases were monitored: leaf buds, 

young leaves, mature leaves, flower buds, flowers, unripe fruit, and ripe fruit. The 

phytophase abundances were scored on a scale from 0 to 4. An abundance score of 0 

indicates that a tree exhibited 0% of its potential abundance of that phytophase during the 

assessment; 1 indicates 1-25%; 2 indicates 26-50%, 3 indicates 51-75%, and 4 indicates 

76-100%. Scores were assigned regardless of a tree’s crown size and were based on the 

production potential of the tree according to its crown size. As all trees were adults, 

crown size was similar within species. Abundance scores were averaged by species and 

phytophases.  

 

Food availability 

 

A quantity index (Q coefficient) was used to provide a rough estimate of temporal 

food availability. Data required for calculating Q include dietary observations to 

determine species-specific food items, phenology records of food tree species, and total 

basal areas of food tree species. Following Siex (2003), the quantity index for a group’s 

home range is based on the food-producing potential of the trees in that group’s home 

range weighted by food availability. Q is calculated as: 
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            n 
            Q = ∑Qi, 
          i = 1 

 

“where Qi is the quantity of each species in the plot. Each species’ Qi [is] calculated as the basal 

area of the species in the home range weighted by the sum of the mean monthly phenology scores 

for all phytophases of species Qi. Only phytophases that are red colobus food items [are] included 

in the weight. For example, the monthly Qi for speciesi from which red colobus consume only 

young leaves and flowers is: Qi = basal areai x (mean monthly phenology score for young leavesi + 

mean monthly phenology score for flowersi)” (Siex 2003, pg. 101). 

 

Methods for choosing and monitoring phenology trees have already been 

described, as well as methods for determining which species-specific parts to include in 

the dietary repertoire.  

Total basal area for each food tree species was calculated from transect data. Each 

species’ total basal area/ha was extrapolated to cover the group’s entire home range. For 

example, the transect area covered 0.75 ha (8.5% of Group 1’s range), and the home 

range size of Group 1 using the behavior-corrected polygon method was 8.8 ha; 

Erythrophleum suaveolens, a primary food source, has a basal area of 6.1551 m2/ha, for a 

total basal area of 54.288 m2 (6.1551 x 8.8) in the entire home range. 

 

Statistical analyses 

 

Using JMP (SAS Institute, Inc. 2010), Kruskal-Wallis tests ( = 0.05) were 

performed to test for differences in average DBH and average basal area of enumerated 
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trees among sites. Tree density, total basal area, species richness, species diversity, and 

species evenness were calculated for each of the 30 fifty-meter transects of each group’s 

home range, and then transect variables were compared across groups using Kruskal-

Wallis tests. Spearman’s rho (ρ) analyses were used as nonparametric tests of correlation. 

Two-tailed t-tests with alpha levels of p = 0.05 were conducted by hand to test if tree 

species dispersions deviated from random. Figures were created using ArcGIS 9.3 (ESRI 

2008), KaleidaGraph 3.6 (Synergy Software 2003), and PAST (Hammer et al 2001). 

 

Results 

 

Home range size 

 

Home range size varied across groups and by measurement method (Tab. 5; Figs. 

15-23). How the various measurement methods impact home range estimates is discussed 

in Ch. 2. In this study, URC home range size ranged from 8.8 ha to 20.8 ha, depending 

upon the group and the method used.  
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Table 5. Home range area (in hectares, ha) for the primary Udzungwa red colobus focal groups, 
calculated using multiple methods (based on 48 focal follow days of Group 1; Group 2, n = 51; 
Hondo Hondo group, n = 30). Groups 1 and 2 were located in Magombera Forest and Hondo 
Hondo group was located in Mwanihana Forest. 

minimum 
convex 
polygon

quadrat 
(0.25 ha)

adjusted 
quadrat 
(0.25 ha)

quadrat 
(0.0625 ha)

adjusted 
quadrat 

(0.0625 ha)

behavior-
corrected 
polygon

1 13.2 16.3 15.6 12.4 11.4 8.8
2 18.6 20.8 20.4 17.8 17.0 12.7

Hondo Hondo 20.8 19.8 19.1 15.4 13.9 10.2

Home Range Calculation Method

Group

 

Home range size estimations for a group varied according to calculation method. Four methods 
were used: the minimum convex polygon method, the quadrat method (using two quadrat sizes), 
the adjusted quadrat method, and the behavior-corrected polygon method. The adjusted quadrat 
method estimated home range size by counting the area of any quadrat containing only one tree 
(or small area of ground vines) used by the group as half of its area rather than its full area. Other 
quadrats containing two or more trees were counted as their full area. The behavior-corrected 
polygon method estimated home range size by including in the area estimation the trees and vine 
patches entered by the group and excluding the trees, vine patches, and open areas never entered 
by the group. 
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Figure 15. Map of Group 1’s home range area in Magombera Forest, defined by GPS waypoints 
of the trees entered throughout the study by group members. The first column’s map shows GPS 
waypoints of tree locations for trees entered by Group 1. The second column’s map shows the 
home range area calculated using the minimum convex polygon method. The third column’s map 
shows the home range area calculated using the behavior-corrected polygon method which 
includes, in the area calculation, the trees and vine patches entered by the group and excludes the 
trees, vine patches, and open areas never entered by the group (sample days (n) = 48, May 2009 – 
February 2010) 

 

 

Figure 16. Map of Group 2’s home range area in Magombera Forest, defined by GPS waypoints 
of the trees entered throughout the study by group members (n = 51, April 2009 – March 2010). 
See Fig. 15 for details. 
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Figure 17. Map of the Hondo Hondo group’s home range area in Mwanihana Forest, defined by 
GPS waypoints of the trees entered throughout the study by group members (n = 30, June 2009 - 
February 2010). See Fig. 15 for details. 

 

 

Figure 18. Home range area of Group 1 in Magombera Forest with a 50 x 50 m (0.25 ha) quadrat 
overlay 
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Figure 19. Home range area of Group 1 in Magombera Forest with a 25 x 25 m (0.0625 ha) 
quadrat overlay. 

 

 

Figure 20. Home range area of Group 2 in Magombera Forest with a 50 x 50 m (0.25 ha) quadrat 
overlay. 
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Figure 21. Home range area of Group 2 with a 25 x 25 m (0.0625 ha) quadrat overlay. 
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Figure 22. Home range area of Hondo Hondo group in Mwanihana Forest with a 50 x 50 m (0.25 
ha) quadrat overlay. 
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Figure 23. Home range area of Hondo Hondo group with a 25 x 25 m (0.0625 ha) quadrat 
overlay. 

  

Home range overlap 

 

URC population size and density can be estimated from data on home range size 

and overlap collected during focal group follows. Minimum Convex Polygon methods for 

estimating home range should be used for these population calculations because, unlike 

with other methods, these estimates include unused patches of forest within home range 

borders, accounting for habitat heterogeneity (discussed in Ch. 2). However, results are 

also presented on home range overlap calculated from 0.0625 ha quadrats for 

comparison. 
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In Mwanihana Forest, other groups were rarely observed within Hondo Hondo 

group’s home range. Neighboring groups regularly vocalized along the home range 

border at an estimated distance of 100 m from Hondo Hondo group, but were rarely 

observed within the border. In fact, other groups were observed to use only 0.191 ha of 

the Hondo Hondo group’s 20.8 ha home range. This is a minimum estimate since 

neighboring groups were never followed. From Minimum Convex Polygon method 

estimates, a group of ~20 URC used an area of 0.18125 ha, and another group of ~20 

used an area of 0.01 ha within Hondo Hondo group’s home range. From Quadrat (0.0625 

ha) estimates, these same groups used 0.3125 ha and 0.0625 ha of the Hondo Hondo 

group’s home range. The Hondo Hondo group’s home range size, adjusted for overlap 

with neighboring groups, was 20.6 ha according to Minimum Convex Polygon estimates 

and 15.2 ha according to Quadrat estimates (Tab. 6). Home range overlap was not 

calculated using the Behavior-corrected Polygon method because no data were available 

on non-focal group travel paths. 

 

Table 6. Home range size and overlap estimates (in hectares) for each group. Home range size 
estimates were calculated with the Minimum Convex Polygon (MCP) method and the Quadrat 
(0.0625 ha) method. Home range overlap for each group includes overlap with all other known 
groups. Results from both methods for determining home range overlap calculations are shown: 
1) the area of overlap is divided by the number of groups using the overlap area and 2) the area of 
overlap is divided by the number of individuals using the overlap area. 

Group name MCP

MCP with 
overlap 

adjustment 
(individuals)

MCP with 
overlap 

adjustment 
(groups)

Quadrat 
(0.0625 ha)

Quadrat with 
overlap 

adjustment 
(individuals)

Quadrat with 
overlap 

adjustment 
(groups)

Group 1 13.2 11.6 11.8 12.4 11.3 11.4
Group 2 18.6 15.2 13.0 17.8 15.5 14.1

Hondo Hondo 20.8 20.7 20.6 15.4 15.3 15.2  
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Areas of Group 1’s and Group 2’s home ranges in Magombera Forest overlapped, 

totaling 2.9 ha according to Minimum Convex Polygon estimates (Fig. 24, Tab. 7), 2.0 ha 

according to Quadrat estimates (Tab. 8), and 1.3 ha according to Behavior-corrected 

Polygon estimates (Fig. 25, Tab. 7). Using Minimum Convex Polygon method estimates, 

Group 1 shared 22.0% of its home range with Group 2 whereas Group 2 shared 15.6% of 

its home range with Group 1. Besides Group 2, no other group was observed within 

Group 1’s home range. Group 1’s home range size, accounting for overlap with Group 2, 

can be estimated as: 

10.3 ha + (           2.9 ha        x 32 individuals) = 11.6 ha or 
               72.5 individuals 

10.3 ha + 2.9 ha / 2 groups = 11.8 ha. 

 

Table 7. Home range overlap between Group 1 and Group 2 in Magombera Forest. Areas 
calculated using Minimum Convex Polygon (MCP) methods and Behavior-corrected Polygon 
(BCP) methods are compared. 

Group 
name

Home range 
size (ha) MCP

Home range 
overlap (ha) 

MCP
% of range 

shared MCP
Home range 

size (ha) BCP

Home range 
overlap (ha) 

BCP
% of range 

shared BCP
Group 1 13.2 2.9 22.0% 8.8 1.3 14.8%
Group 2 18.6 2.9 15.6% 12.7 1.3 10.2%  

 

Table 8. Home range overlap between Group 1 and Group 2 in Magombera Forest calculated 
using the Quadrat method (0.0625 ha quadrats). 

Group 
name

Home range 
size (ha)

Home range 
overlap (ha) 

% of range 
shared

Group 1 12.4 2 16.1%
Group 2 17.8 2 11.2%  
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Figure 24. Home range overlap between Group 1 and Group 2 in Magombera Forest, estimated 
using the Minimum Convex Polygon method. The crosshatched polygon used to estimate the 
overlap area was drawn only around the trees entered by both groups. The area of overlap totals 
2.9 ha. Group 1’s home range size was estimated at 13.2 ha and Group 2’s at 18.6 ha using the 
Minimum Convex Polygon method. 

 



 

82 

 

Figure 25. Home range overlap between Group 1 and Group 2 in Magombera Forest, estimated 
using the Behavior-corrected Polygon method. The polygon showing home range overlap was 
drawn only around the trees that both groups entered. The area of overlap measures 1.3 ha. Group 
1’s home range was estimated at 8.8 ha and Group 2’s at 12.7 ha using the Behavior-corrected 
polygon method. 

 

Two URC groups in addition to Group 1 used areas of Group 2’s home range: 

Group 3 with 14 individuals and Group 4 with ~40 individuals. Home range overlap of 

these groups with Group 2 was calculated using the Minimum Convex Polygon method 

and Quadrat method. Home range overlap with Group 3 and Group 4 was not calculated 

using the Behavior-corrected Polygon method because no data were available on non-

focal group travel paths. 
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Group 4’s area of overlap was small and in the southeastern area of Group 2’s 

range (0.21 ha = Minimum Convex Polygon estimate, 0.38 ha = Quadrat estimate). 

Group 3’s area of overlap was much more extensive and primarily in the northeast (8.12 

ha = Minimum Convex Polygon estimate, 4.9 ha = Quadrat method) (Fig. 26). One focal 

follow of Group 3 was conducted. Otherwise, these areas of overlap were recorded 

during focal follows of Group 2, indicating that areas of overlap with Groups 3 and 4 are 

minimum estimates. 

Group 2’s home range size, accounting for overlap with Group 1, Group 3, and 

Group 4, can be estimated as: 

7.45 ha + (      2.87 ha        x 40.5 ind.) + (8.12 x 40.5) + (0.21 x 40.5) = 15.19 ha 
             72.5 individuals         54.5         80.5 

or 

7.45 ha + (2.87 ha/2 groups) + (8.12 ha/2 groups) + (0.21 ha/2 groups) = 13.0 ha. 
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Figure 26. Home range overlap estimated using the Minimum Convex Polygon method between 
Group 2 and its other neighbors: Group 3 and Group 4 in Magombera Forest. The estimated home 
range size of Group 2 is 18.6 ha. Any trees entered by Group 2 but also entered by Group 3 or 4 
are highlighted as the overlap areas. The area of overlap between Group 2 and Group 3 was 8.12 
ha and between Group 2 and Group 4 was 0.21 ha. 

 

The relationship between Group 3 and Group 2 is noteworthy. The first intergroup 

encounter between Group 2 and Group 3 was recorded on September 26, 2009 where 

Group 3 followed Group 2 for part of the day. Group 3 was not within close proximity (< 

50 m) to Group 2 during the next focal follow period from October 5-10. Then, on 

October 20-24, Group 2 encountered Group 3 within a distance of 50 m, but Group 3 did 

not follow Group 2. On November 2-3, Group 3 followed behind Group 2 for the entire 
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day. During a focal follow of Group 3 on November 11 by Aloyce Kisoma, a leopard 

stalked the group for most of the day. Group 3 vocalized from the canopy and moved 

rapidly throughout the day. When the group descended into a ground-level vine patch 

along the forest edge around 17:00, where Kisoma witnessed the leopard successfully 

stalk and kill an adult red colobus. The group vocalized and fled to the tree canopy for the 

remainder of the evening. The predation event occurred within the border of Group 2’s 

home range area. During the next focal follow period from November 16-22, Group 3 

followed Group 2. My impression was that Group 3 was attempting to join Group 2 

surrounding this predation event. The leopard may have stalked Group 3 leading up to the 

successful attack, pushing Group 3 into Group 2’s range in the preceding weeks. Group 3 

was not seen in close proximity to Group 2 again until March 2, 2010. On March 4, 

Group 3 followed Group 2 for most of the focal follow period. Leaving the forest in the 

dark on March 4, I encountered a leopard. This leopard may have been stalking Group 3 

on March 4 without my noticing. On March 5, Group 3 followed Group 2 for most of the 

focal follow period. These were the only two leopard sightings during this study.  

 

URC population density and size estimates in Magombe ra Forest 

 

Using line transect methods to calculate density, the population of URC in 

Magombera Forest in 2005 was estimated at 1,022 ± 359 individuals (Marshall 2008a) 

with the assumption that 40% of the forest was unsuitable habitat for red colobus. This 

density estimate was calculated using transect data collected by Dr. Marshall in 
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2004/2005 across 0.432 km2 (or 3.6%) of Magombera Forest. The estimated size of 

Magombera Forest based on satellite imagery from 1999 is 11.89 km2; however, the area 

of closed canopy forest covers only 6.85 km2 (Marshall et al 2010). From URC Group 1, 

Group 2, Group 3, and Group 4’s home range and overlap data, the population density of 

URC in Magombera Forest in 2010 can be estimated using the Minimum Convex 

Polygon method as: 

      72.5 individuals       = 270.8 URC/km2 of Magombera Forest 
.1519 km2 + .1158 km2 

 

whereas the population size of URC in Magombera Forest can be estimated as: 

      72.5 individuals       x 6.85 km2 = 1855.2 URC in Magombera Forest. 

.1519 km2 + .1158 km2 
 
 

Using Quadrat (0.0625 ha) method estimates of home range size and overlap for 

Groups 1, 2, 3, and 4 in Magombera Forest, the population density of URC in 

Magombera Forest in 2010 can be estimated as: 

     72.5 individuals         = 271.1 URC/km2 of Magombera Forest 
.1546 km2 + .1128 km2 

 

whereas the population size of URC in Magombera Forest can be estimated as: 

     72.5 individuals         x 6.85 km 2 = 1857.2 URC in Magombera Forest. 
.1546 km2 + .1128 km2 

 
These two home range methods provide strikingly similar estimates of population 

size and density. However, these estimates are higher than Marshall’s (2008a,b) 
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estimates. Reasons for this inflation are discussed below and suggest that Marshall’s 

(2008a,b) estimates are more representative. 

 

Habitat Parameters 

 

In each forest, 0.75 ha was surveyed; there was an asymptote in the cumulative 

number of species surveyed before or around transect 30 (a total of 0.75 ha, see species-

area curves in Fig. 29). Only rarer species were absent from the surveys. For example, 

out of the 1343 trees entered by Group 2 during this study, only seven (0.52%) were 

Treculia africana. Though this species was frequently used as a food and resting source, 

none were recorded in the survey of Group 2’s home range due to its low density (0.55 

Treculia/ha in the 12.7 ha home range based on the 1343 trees used to estimate Group 2’s 

home range size). 

Habitat characteristics are compared across the groups’ home ranges in Tab. 9. A 

total of 378 live trees ≥ 20 cm dbh were recorded along the sample transects in all four 

groups’ home ranges, representing a total area of 3 ha. Between 87 and 112 trees ≥ 20 cm 

dbh were surveyed within 0.75 ha of each home range. Average DBH and average basal 

area of trees ≥ 20 cm did not differ significantly between the groups’ home ranges (DBH, 

Kruskal-Wallis: df = 3, H = 4.14, p = 0.247; basal area: df = 3, H = 4.86, p = 0.183). The 

small sample size of only four focal groups precludes the use of quantitative statistics in 

comparing totals for the remaining habitat variables. An alternative method is to calculate 

each habitat variable (e.g. tree density, tree species diversity) for the individual transect 
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segments and statistically compare transect variables across groups. Using this method, 

no habitat variables differed significantly among groups. Tree density (n = 120, df = 3, H 

= 4.13, p = 0.248), species richness (n = 120, df = 3, H = 4.315, p = 0.229), species 

diversity (n = 120, df = 3, H = 3.5701, p = 0.3118), total basal area (n = 120, df = 3, H = 

1.0694, p = 0.7845), and species evenness (n = 120, df = 3, H = 1.2618, p = 0.7382) did 

not differ significantly between groups’ home range transects. 

 

Table 9. Habitat variables within each group’s home range. 

Group 1 Group 2 Hondo Hondo Campsite 3
Number of live trees 
surveyed ≥ 20 cm dbh 92 87 112 87
Total area surveyed (ha) 0.75 0.75 0.75 0.75
Tree (≥ 20 cm dbh) 
density/ha 122.7 116.0 149.3 116.0
Average dbh (cm) of trees ≥ 
20 cm dbh 43.5 49.4 39.7 44.4
Average basal area (m²) of 
trees ≥ 20 cm dbh 0.1797 0.2573 0.1462 0.1926
Total basal area (m²) of 
surveyed trees ≥ 20 cm dbh 16.532 22.384 16.375 16.759
Trees ≥ 20 cm dbh basal 
area/ha (m²) 22.043 29.845 21.833 22.345
Number of tree species 
surveyed 22 17 31 30
Species richness 
(species/ha) 29.3 22.7 41.3 40.0
Shannon-Wiener (H`) 
Diversity Index 2.65 2.05 2.79 2.96
Evenness (J) Index 0.856 0.724 0.812 0.870

Survey site
Magombera Forest Mwanihana Forest

Habitat Variable

 

Differentiating species of Ficus was often not possible, so several Ficus species are lumped. 
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Pairwise comparisons of tree species similarity between groups’ home ranges 

found that tree species similarity is lowest between Magombera and Mwanihana forest 

home ranges (average SJ = 0.16) and highest within forests (average SJ = .360) (Tab. 10). 

As Group 1 and Group 2 in Magombera Forest are neighboring groups with partially 

overlapping home ranges, their habitat similarity is the greatest ( SJ = 0.379, SS = 0.550). 

However, even with a separation of 1300 meters between home range borders, Hondo 

Hondo group’s and Campsite 3 group’s similarity coefficient is similar (SJ = .340, SS = 

0.508) to the similarity coefficient of neighboring groups’ ranges. 

 

Table 10. Pairwise comparison of tree species similarity coefficients between survey sites 
(groups’ home ranges). 

Survey Sites Compared
Jaccard's 
coefficient

Sørensen's 
coefficient

Hondo Hondo / Campsite 3 0.340 0.508
Hondo Hondo / Group 1 0.102 0.185
Hondo Hondo / Group 2 0.163 0.280
Campsite 3 / Group 1 0.152 0.264
Campsite 3 / Group 2 0.225 0.367
Group 1 / Group 2 0.379 0.550  

 

Comparing food tree variables across home ranges 

 

Food tree characteristics are compared across the groups’ home ranges in Tab 11. 

A total of 281 live food trees ≥ 20 cm dbh was surveyed within the total 3 ha sampled. 

Between 65 and 81 food trees ≥ 20 cm dbh were surveyed within 0.75 ha in each home 

range. Average DBH and average basal area of food trees ≥ 20 cm did not differ 
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significantly between the groups’ home ranges (DBH, Kruskal-Wallis: df = 3, H = 4.602, 

p = 0.203; basal area: df = 3, H = 4.602, p = 0.203). Tree density (n = 120, df = 3, H = 

2.00, p = 0.572), species richness (n = 120, df = 3, H = 1.794, p = 0.616), species 

diversity (n = 120, df = 3, H = 2.732, p = 0.435), total basal area (n = 120, df = 3, H = 

1.643, p = 0.650), and species evenness (n = 120, df = 3, H = 4.374, p = 0.224) did not 

differ significantly between groups’ home range transects. 

 

Table 11. Description of food tree species’ variables within each focal group’s home range. Data 
from live trees ≥ 20 cm DBH are reported. Food tree species are defined as producing a species-
specific part that comprised at least 2% of any group’s diet during at least one sample period. 
Home range size (ha) was estimated using the Behavior-corrected Polygon method. 

Group 1 Group 2 Hondo Hondo Campsite 3

Home range size (ha) 8.8 12.7 10.2 n/a
Number of live trees 
enumerated ≥ 20 cm dbh 65 70 81 65
Total area surveyed (ha) 0.75 0.75 0.75 0.75
Tree (≥ 20 cm dbh) density/ha 86.7 93.3 108.0 86.7
Mean dbh (cm) of trees ≥ 20 
cm dbh 47.6 52.8 41.4 47.8

Mean basal area (m²) of trees ≥ 
20 cm dbh 0.2109 0.2841 0.1574 0.2227
Total basal area (m²) of 
enumerated trees ≥ 20 cm dbh 13.711 19.889 12.753 14.478
Trees ≥ 20 cm dbh basal 
area/ha (m²) 18.281 26.519 17.003 19.305
Number of tree species 
counted in the sample 15 12 15 21
Species richness (species/ha) 20 16 20 28
Shannon-Wiener (H`) Diversity 
Index 2.22 1.60 2.05 2.56
Evenness (J) Index 0.820 0.644 0.756 0.840

Food tree species' variable

Survey location and Group name
Magombera Forest Mwanihana Forest
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Comparing results across short transect segments may not be a meaningful 

method for investigating these differences because transect segments contain only a few 

trees per segment. For instance, diversity calculations (H`) made from such few trees can 

provide only a small range of habitat diversity scores. Alternatively, qualitative 

comparisons using data from Tab. 11 suggest that home range sizes are larger for groups 

with greater food tree density. Yet, the size of those food trees, which is equally as 

important as density for assessing food availability from these trees, does not clearly 

relate to home range size (Tab. 11). No clear relationship was observed between food 

species richness, food species diversity, or food species evenness within home range size. 

Differences in home range size may be more dependent on the size, density, and 

distribution of particular species or species-specific parts rather than on gross measures of 

habitat variables. 

 

Species composition across home ranges 

 

The ten most common tree species and food tree species of each group’s home 

range are shown in Tabs. 12-19. Not all tree species could be identified. If multiple 

species were tied as the tenth most abundant species, greater than 10 species were listed 

in order to account for tied ranks. The 12 most abundant tree species recorded during 

assessments of Group 1’s home range represented 88% of the trees enumerated (Tab. 12).  

The 17 most abundant species in Group 2’s home range represented 100% of the trees 

enumerated (Tab. 13). The 11 most abundant species in Hondo Hondo group’s home 
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range represented 77% of the species enumerated (Tab. 14). Finally, the 16 most 

abundant species represented 79% of the species enumerated in Campsite 3 group’s home 

range (Tab. 15). 

 

Table 12. Abundances of the 12 most common tree species within Group 1’s home range (total 
trees enumerated = 92 within 0.75 ha). N is the number of each tree species enumerated. Species 
are ranked in order of abundance, with a score of 1 being the most abundant species. Species of 
equal abundance were given an averaged, shared rank number. 

Abundance 
rank Name N

% of trees 
surveyed

1 Erythrophleum suaveolens 19 20.7
2 Xylopia parviflora 12 13.0
3 Lettowianthus stellatus 11 12.0
4 Isoberlinia scheffleri 7 7.6
5 Ochna holstii 6 6.5
6 Voacanga africana 5 5.4
8 Casearia gladiiformis 4 4.3
8 Albizia gummifera 4 4.3
8 Craterispermum schweinfurthii 4 4.3
11 Vitex doniana 3 3.3
11 Pteleopsis myrtifolia 3 3.3
11 Milicia excelsa 3 3.3  
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Table 13. Abundances of the 17 most common tree species within Group 2’s home range (total 
trees enumerated = 87 within 0.75 ha). See Tab. 12 for details. 

Abundance 
rank Name N

% of trees 
surveyed

1 Isoberlinia scheffleri 35 40.2
2 Erythrophleum suaveolens 16 18.4
3 Lettowianthus stellatus 6 6.9
4 Voacanga africana 5 5.7

6.5 Xylopia parviflora 4 4.6
6.5 Pachystela brevipes 4 4.6
6.5 Albizia gummifera 4 4.6
6.5 Craterispermum schweinfurthii 4 4.6
13 Anthocleista grandiflora 1 1.1
13 Dracaena mannii 1 1.1
13 Unknown sp 1: mndope 1 1.1
13 Ficus  sp. 1 1.1
13 Pteleopsis myrtifolia 1 1.1
13 Sorindeia madagascariensis 1 1.1
13 Blighia unijugata 1 1.1
13 Piliostigma thonningii 1 1.1
13 Mallotus oppositifolius 1 1.1  

 

Table 14. Abundances of the 11 most common tree species within the Hondo Hondo group’s 
home range (total trees enumerated = 112 within 0.75 ha). See Tab. 12 for details. 

Abundance 
rank Name N

% of trees 
surveyed

1 Sorindeia madagascariensis 28 25.0
2 Tectona grandis 15 13.4

3
Unknown sp. 2: 
mvanga/mtalandi 12 10.7

4 Diplorhynchus condylocarpon 7 6.3
5 Harrisonia abyssinica 6 5.4

8.5 Milletia semseii 3 2.7
8.5 Unknown sp. 3: mkandikandi 3 2.7
8.5 Combretum molle 3 2.7
8.5 Unknown sp. 4: mpilipilidume 3 2.7
8.5 Antiaris toxicaria welwitschii 3 2.7
8.5 Malacantha alnifolia 3 2.7  
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Table 15. Abundances of the 16 most common species within Campsite 3’s home range (total 
trees enumerated = 87 within 0.75 ha). See Tab. 12 for details. 

Abundance 
rank Name N

% of trees 
surveyed

1 Antiaris toxicaria welwitschii 13 14.9
2 Ricinodendron heudelotii 12 13.8

3.5 Treculia africana 8 9.2
3.5 Lettowianthus stellatus 8 9.2
5 Unknown sp. 4: mkole (fluted variety) 7 8.0
6 Voacanga africana 4 4.6

7 Albizia gummifera 3 3.4
12 Unknown sp. 5: mbefu 2 2.3
12 Trilepisium madagascariense 2 2.3
12 Khaya anthotheca 2 2.3
12 Unknown sp. 6: mkole (large leaf variety) 2 2.3
12 Pachystela brevipes 2 2.3
12 Harrisonia abyssinica 2 2.3
12 Malacantha alnifolia 2 2.3
12 Milicia excelsa 2 2.3
12 Tectona grandis 2 2.3  

 

 The list of abundant food tree species in each group’s home range differs 

somewhat from the most abundant tree species in each range (Tabs. 12 – 19). The 15 

most abundant food tree species within Group 1’s home range accounted for 100% of 

food trees enumerated (Tab. 16). The 12 most abundant food tree species within Group 

2’s home range accounted for 100% of food trees enumerated (Tab. 17). The 15 most 

abundant food tree species within Hondo Hondo group’s home range accounted for 100% 

of food tree species enumerated (Tab. 18). The 11 most abundant food tree species within 

Campsite 3’s home range accounted for 85% of food tree species enumerated (Tab. 19).  

Each group overlaps slightly in species composition with every other group. 

However, comparing food and non-food tree composition and abundances across home 
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ranges demonstrates that the home ranges of Magombera groups (Group 1 and Group 2) 

are more similar in composition than the home ranges of Mwanihana groups (Hondo 

Hondo group and Campsite 3 group). Habitat indices of similarity, however, scored the 

home ranges of Group 1 and Group 2 as being only slightly more similar than the home 

ranges of Hondo Hondo and Campsite 3 group (Tab. 10), indicating that indices of 

similarity based on presence/absence data alone are less informative than composition 

comparisons for interpreting how diet and habitat use differ among groups. 

 

Table 16. The 15 most abundant food tree species within Group 1’s home range in Magombera 
Forest (total food trees enumerated = 65 within 0.75 ha). Food tree species are defined as a 
species-specific item that comprised at least 2% of the diet during at least one monthly sample. N 
is the number of each tree species enumerated. Species are ranked in order of abundance, with a 
score of 1 being the most abundant species. Species of equal abundance were given an averaged, 
shared rank number. 

Abundance 
rank Name N

% of food 
trees 

surveyed
1 Erythrophleum suaveolens 19 29.2
2 Xylopia parviflora 12 18.5
3 Isoberlinia scheffleri 7 10.8
4 Ochna holstii 6 9.2
5 Albizia gummifera 4 6.2
7 Milicia excelsa 3 4.6
7 Pteleopsis myrtifolia 3 4.6
7 Vitex doniana 3 4.6
9 Piliostigma thonningii 2 3.1

12.5 Ficus sp. 1 1.5
12.5 Treculia africana 1 1.5
12.5 Cassipourea gummiflua 1 1.5
12.5 Tapura fischeri 1 1.5
12.5 Unknown sp. 7: msolwa 1 1.5
12.5 Dalbergia boehmii boehmii 1 1.5  
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Table 17. The 12 most abundant food tree species within Group 2’s home range in Magombera 
Forest (total food trees enumerated = 70 within 0.25 ha). See Tab. 16 for details. 

Abundance 
rank Name N

% of food 
trees 

surveyed

1 Isoberlinia scheffleri 35 50.0
2 Erythrophleum suaveolens 16 22.9
4 Xylopia parviflora 4 5.7
4 Pachystela brevipes 4 5.7
4 Albizia gummifera 4 5.7
9 Dracaena mannii 1 1.4
9 Ficus sp. 1 1.4
9 Pteleopsis myrtifolia 1 1.4
9 Sorindeia madagascariensis 1 1.4
9 Blighia unijugata 1 1.4
9 Piliostigma thonningii 1 1.4
9 Mallotus oppositifolius 1 1.4  

 

Table 18. The 15 most abundant food tree species within Hondo Hondo group’s home range in 
Mwanihana Forest (total trees enumerated = 81 within 0.75 ha). See Tab. 16 for details.  

Abundance 
rank Name N

% of food 
trees 

surveyed
1 Sorindeia madagascariensis 28 34.6
2 Tectona grandis 15 18.5
3 Unknown sp. 1, mvanga 12 14.8
4 Diplorhynchus condylocarpon 7 8.6
6 Malacantha alnifolia 3 3.7
6 Antiaris toxicaria welwitschii 3 3.7
6 Unknown sp. 3, mpilipilidume 3 3.7

8.5 Piliostigma thonningii 2 2.5
8.5 Pteleopsis myrtifolia 2 2.5
12.5 Treculia africana 1 1.2
12.5 Pachystela brevipes 1 1.2
12.5 Acacia polyacantha 1 1.2
12.5 Milicia excelsa 1 1.2
12.5 Bridelia micrantha 1 1.2
12.5 Unknown sp. 8: mng'ulung'ulu 1 1.2  
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Table 19. The 11 most abundant food tree species within Campsite 3 group’s home range in 
Mwanihana Forest (total trees enumerated = 65 within 0.75 ha). See Tab. 16 for details. 

Abundance 
rank Name N

% of food 
trees 

surveyed
1 Antiaris toxicaria welwitschii 13 20.0
2 Ricinodendron heudelotii 12 18.5
3 Treculia africana 8 12.3
4 Unknown sp. 4: mkole (fluted variety) 7 10.8
5 Albizia gummifera 3 4.6

8.5 Tectona grandis 2 3.1
8.5 Milicia excelsa 2 3.1
8.5 Malacantha alnifolia 2 3.1
8.5 Pachystela brevipes 2 3.1
8.5 Khaya anthotheca 2 3.1
8.5 Trilepisium madagascariense 2 3.1  

 

The relationship between food variables and home ra nge size 

 

Temporal patterns of species abundance within each group’s diet 

Plant species that comprised at least 10% of a group’s diet during a sample period 

are shown in Tabs. 56-58, Ch. 6. Each of these species differed in its contribution to the 

diet across sample periods. Some species were ingested regularly and represented a large 

percentage of the overall diet (e.g. Erythrophleum for Group 1 and Group 2, Sorindeia 

for the Hondo Hondo group). The two most common species across sample periods for 

each group represented significant percentages of the diet across study periods because 

the URC ingested multiple phytophases from these trees: unripe fruit, flowers, leaf buds, 

young leaves, and/or mature leaves (primarily petioles).  Had monkeys ingested only 
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young leaves, for example, the tree species’ contribution to the diet would be limited to 

only to the months where it produced young leaves.  

These data show that the most consistent species included in the diets of Hondo 

Hondo group, Group 2, and Group 1 were some of the most abundant food trees within 

their home ranges (Tabs. 56-59). Sorindeia was the most abundant food tree within 

Hondo Hondo group’s home range and was the most consistently ingested across months. 

Erythrophleum was the most abundant food tree within Group 1’s home range and was 

the second most abundant in Group 2’s range; both groups fed on this species more 

consistently than any other species.  

 

The relationship between home range size and the top two food species  

Characteristics of the two most important food species per group are described in 

Tabs. 20 and 52-54 (Ch. 6) in an attempt to understand how these variables may relate to 

home range size. In this comparison, important food species were defined as species that 

constituted greater than 10% of the group’s diet for the greatest percentage of sample 

periods (described above). There were no clear relationships between home range size 

and 1) density or 2) basal area of the two most important food species (Tab. 20). Group 

2’s two most important food species were randomly dispersed, and the Hondo Hondo 

group’s and Group 1’s species had significantly clumped dispersions (Figs. 52-54). 

Group 2 with the largest home range fed selectively on its two most important food 

species. Group 1 with the smallest home range did not feed selectively on either of its 

two most important food species. The Hondo Hondo group’s home range was 
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intermediate in size, and the group fed selectively on one of its two most important food 

species.  

 

Table 20. The relationship between home range size and food characteristics within the home 
range. Home range size was estimated using Behavior-corrected Polygon methods. The two 
species that represented greater than 10% of a group’s diet for the greatest percentage of sample 
periods were considered “important” species. Data from transects were used to calculate the 
important food species’ densities and total basal areas. 

Group name Food species

% of 
sample 

periods of 
dietary 

importance

density of 
each top 

food 
species/ 

ha

top food 
species, 

total 
density/ 

ha

total basal 
area of each 

top food 
species (m²)

top food 
species, 

total basal 
area (m²)

Home 
range 
size 
(ha)

Group 1 Erythrophleum suaveolens 87.5 25.3 29.3 4.62 5.49 8.8
Pteleopsis myrtifolia 37.5 4.0 0.87

Group 2 Erythrophleum suaveolens 75 21.3 26.7 6.59 7.03 12.7
Albizia gummifera 50 5.3 0.44

Hondo Hondo Sorindeia madagascariensis 80 37.3 41.3 3.34 4.90 10.2
Antiaris t. welwitschii 40 4.0 1.56  

 

While there may be a relationship between home range size and food tree species 

dispersion and selectivity, the small variation in home range size among groups makes it 

challenging to interpret these relationships with confidence. However, these data suggest 

that there may be a positive relationship between selectivity and home range size. There 

may also be a relationship between dispersion of the top two food species and home 

range size with larger home ranges being associated with randomly dispersed top tree 

species.  

To further examine this relationship between home range size and selectivity and 

dispersion, selectivity and dispersion of the five most frequently fed upon tree species are 

compared among groups (Tab. 74, App. E). Group 2 and Hondo Hondo group both fed 
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selectively upon four species whereas Group 1 fed selectively on only one species. Most 

of the trees selectively fed upon were randomly dispersed throughout groups’ home 

ranges. Only Hondo Hondo group selectively fed upon a clumped species. Data from 

additional focal groups are required to better understand these relationships, though data 

from these three groups imply that groups with larger home ranges feed more selectively 

on their five most frequently eaten tree species and that dispersion is not apparently 

related to home range size. 

 

Food availability  

The influence of food availability on home range size was explored across URC 

groups. Using Siex’s (2003) quantity index (Q) to estimate food availability, an average 

food availability score was calculated for each home range (Tab. 21). Mean food 

availability was greatest for Group 2, around 300% larger than the mean food availability 

scores for Group 1 or Hondo Hondo group, and Group 2 had the largest home range. 

Group 1 and Hondo Hondo group had more similar food availability scores, but, in this 

two-group comparison, home range size was smaller for the group with the higher food 

availability score. These results imply that food availability as estimated with this method 

was unrelated to home range size. 
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Table 21. The relationship between food availability (Q) and home range size (calculated using 
the 0.25 ha quadrat method). URC groups are compared with Siex’s (2003) forest-dwelling 
groups of Zanzibar red colobus in Jozani. Food availability was estimated within each home 
range during each sample period using Siex’s (2003) quantity index (Q). The quantity scores 
calculated throughout the study were averaged for each group’s home range. Food availability 
was also calculated for only the two most frequently fed upon food tree species for each URC 
group (Tabs. 48 – 51, Ch. 6) and three most frequently fed upon tree species for each Zanzibar 
red colobus group (Tab. 2-4 in Siex 2003). 

Forest site Group name
Home range 

size (ha) Mean Q

Mean Q top 
food 

species
Magombera Group 1 9.8 493.1 268.1
Magombera Group 2 14.4 1,399.5 585.1
Mwanihana Hondo Hondo 12.6 346.8 304.0

Zanzibar Kwa Joshi 22.4 136.7 41.2
Zanzibar Miwaleni 18.2 86.0 10.8
Zanzibar TTK 14.2 140.0 28.7  

 

However, a few particular plant species accounted for the majority of feeding 

observations for each URC group. Comparing the mean food availability score of each 

group’s two most frequently fed upon tree species suggests that smaller home ranges 

have lower mean food availability scores than larger home ranges. These results are 

compared with Siex’s (2003) Zanzibar red colobus groups in the discussion. The two 

most frequently fed upon tree species for each group was determined from Tabs. 48 – 51, 

Ch. 6. The most frequently consumed species for Group 1 were Erythrophleum 

suaveolens and Ochna holstii, for Group 2 were Erythrophleum suaveolens and Albizia 

gummifera, and for Hondo Hondo group were Antiaris t. welwitschii and Sorindeia 

madagascariensis.  
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Discussion 

 

Home range size 

 

Home range sizes differ greatly across red colobus taxa, with the URC home 

ranges falling on the smaller end of this spectrum. Using 0.0625 ha adjusted quadrats to 

estimate size, URC home range size was 11.4 ha for Group 1 (mean = 32 individuals), 

17.0 ha for Group 2 (mean = 40.5 individuals), and 13.9 ha for Hondo Hondo group 

(mean = 42.5 individuals) (Tab. 5). Other red colobus taxa with small home range sizes 

include the P. rufomitratus along the Tana River (3 groups: 4.3 – 12.5 ha with 0.0625 ha 

quadrats or 2 groups: 3.9 – 5.0 ha excluding lacunae, Marsh 1981b), P. kirkii in Zanzibar 

(3.8 – 22.4 ha (Siex 2003, 0.25 ha quadrat method) and 2.5 - 23.2 ha (Nowak 2007, 

Minimum Convex Polygon method), and some P. temmincki groups in Senegal (13.2 ha, 

Galat-Luong and Galat 2005). Whether a taxon or group has a larger or smaller home 

range may relate to food variables within a group’s home range which is discussed in 

detail below. 

 

Home range overlap 

 

In Mwanihana Forest, the Hondo Hondo group had almost no overlap with 

neighboring groups, sharing only 1% (0.2 ha – Minimum Convex Polygon method) of its 



 

103 

home range with other groups. In Magombera Forest, Group 1 shared 22% (2.9 ha – 

Minimum Convex polygon method) of its home range with a neighboring group whereas 

Group 2 shared 60.4% (11.2 ha – Minimum Convex Polygon method). All overlap areas 

are minimum estimates because neighboring groups were not subjected to focal follows. 

Areas of exclusive use differed among groups and were unrelated to group size (e.g. 

Hondo Hondo group with 43 individuals had exclusive use of 20.7 ha whereas Group 2 

with 40.5 individuals had exclusive use of only 7.4 ha). 

This extreme intraspecific variation in home range overlap has been observed in 

other red colobus taxa. Zanzibar red colobus (P. kirkii) around Jozani inhabit both 

forested land and agricultural tree crops called shambas. Home range sizes were larger in 

forest groups than shamba groups (mean = 25.3 vs. 12.6 ha, 0.25 ha quadrats). Shamba 

groups’ home ranges almost completely overlapped with neighboring groups (with each 

group having only 5 – 30% of exclusive use of its range) whereas forest groups shared as 

little as 31% of their home ranges (with each group having exclusive use of 35 – 69% of 

its range) (Siex 2003). These home ranges, adjusted for overlap with neighboring groups, 

were 18.3 ha on average for the forest groups and 4.9 ha for the shamba groups. Siex 

(2003) attributed the high overlap in the shamba to the higher population density.   

Two other Zanzibar red colobus populations in coral rag forest and mangrove 

forest differed in patterns of overlap relative to the Jozani groups. Home range sizes were 

larger in the coral rag forest (mean = 19.6 ha, minimum convex polygon) than in the 

mangrove forest (mean = 5.0 ha, Nowak 2007). Groups in the coral rag forest had large 

areas of home range overlap with exclusive use of only 15% of their home ranges and a 
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lower population density whereas groups in the mangrove forest had little home range 

overlap with exclusive use of 86% of their home ranges and a higher population density 

(Nowak 2007). 

P. tephrosceles groups in Ngogo and Kanyawara, Kibale experienced similar 

home range overlap with neighboring groups, but the population densities of red colobus 

differed between sites (300 individuals/km2 in Kanyawara and 176 individuals/km2 in 

Ngogo). In Kanyawara, the CW group overlapped with 6-7 groups, two of which 

completely overlapped CW group’s home range. In Ngogo, the RUL group overlapped 

with at least 5 groups, one of which completely overlapped RUL’s home range, two that 

extensively overlapped, and two that slightly overlapped (Struhsaker 2010). For 

comparison, the population density near the Magombera groups (271 individuals/km2) 

was similar to the density at Kanyawara, but home range overlap was not as extensive. 

These studies suggest that population density may under some circumstances correlate 

with home range overlap but that population density alone cannot explain overlap 

variability across red colobus taxa.  

Mitani and Rodman (1979) argue that home range size and overlap may be related 

to a group’s mobility throughout its home range, which most likely relates to food 

distribution and density and the group’s energetic requirements. Greater overlap is 

predicted for groups feeding on clumped resources rather than uniformly dispersed 

resources. Larger home range sizes are predicted for groups with more uniformly 

dispersed resources (Mitani and Rodman 1979). 
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URC home range and dietary data do not support Mitani and Rodman’s (1979) 

hypothesis. In terms of home range size, the group with the largest home range 

selectively fed upon food tree species that were randomly dispersed (Tabs. 52-54). Four 

of the five most commonly fed upon food species were rare for each group, comprising 

less than 10% of trees in the home range. For Group 1, only one of these rare species was 

significantly, selectively fed upon, and it was randomly dispersed. For Group 2, all four 

rare species were significantly, selectively fed upon and were randomly dispersed. For 

the Hondo Hondo group, all four rare species were significantly, selectively fed upon; 

one was randomly dispersed, one had a clumped dispersion, and the other two were so 

rare that their dispersion scores could not be calculated. This comparison failed to find a 

relationship between the dispersion of rare, important food species and the extent of 

home range overlap or home range size. Group 2 had the greatest known extent of 

overlap with neighboring groups but fed primarily from randomly dispersed rather than 

clumped food species.  

Due to the history of Group 2 and Group 3 in Magombera Forest and their 

patterns of home range overlap, I speculate that predation threat drove their intergroup 

encounters and home range overlap. Under a less direct threat of predation, home range 

overlap between Groups 2 and 3 may have been reduced. An alternative or 

complementary explanation for why Group 3 attempted to join with Group 2 was the size 

of Group 3. Struhsaker (2010) noted that when the size of the CW group in Kanyawara 

dropped to 9 individuals, the CW group followed other, larger groups. One of 

Struhsaker’s other focal groups (RUL) was closely followed by a smaller neighboring 
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group (HTL). Struhsaker (2010) suggested that adult female group members were 

investigating immigration options that would increase their mating opportunities, as only 

one adult male remained in the group. The CW group dissolved within 6 months of this 

“following” behavior. Group 3 in Magombera Forest also had only one adult male. A 

very distinctive swollen adult female (who emigrated from an unknown group) briefly 

joined URC Group 1, suggesting that URC adult females also transfer between groups 

when sexually receptive like the P. r. tephrosceles in Kibale (Struhsaker 2010). However, 

the concurrence of leopard sightings with Group 3’s “following” behavior suggests that 

predation may be a stronger correlate of overlap area than group size in this case. 

 

URC population density and size in Magombera Forest 

 

Home range data from this study were used to estimate an URC population 

density of 270.8 URC/km2 in Magombera Forest with a population size of 1855.2 URC. 

This estimate of population size is large compared with Marshall’s (2008a) previous 

estimate. The size of Group 1 (mean = 32) is similar to the average size of Magombera 

groups (mean = 31.2, App. 3.2 in Struhsaker 2010), but the large size of Group 2 (mean = 

40.5) could partly explain this discrepancy. This difference could also be attributed to a 

high density of red colobus in the study area compared with the rest of the forest. 

Marshall (2008a) reported higher encounter rates with URC in this study area than in the 

southern part of Magombera Forest (1.28 groups/km walked vs. 1.06 groups/km walked). 

Due to these factors, my home range estimates based on focal follows of two neighboring 
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URC groups in Magombera Forest produced estimates of population size and density that 

are probably less accurate than Marshall’s (2008a,b). 

Furthermore, home range size estimates were small for Group 2 and Group 1 

compared to other red colobus taxa (Struhsaker 2010). Larger home range estimates, 

comparable to red colobus groups in Kibale and Gombe, would have decreased the 

estimate of population size, making it more similar to Marshall’s estimate. 

Yet, these small home range sizes appear to accurately represent URC behavior in 

the NW section of Magombera Forests. First, it is unlikely that this study was too short to 

calculate a reasonable estimate of home range size. Marsh (1981b) found that range size 

reached an asymptote after 35 focal follow days (during 7 months of observation). Data 

used to estimate URC home ranges came from groups that were followed for 48 and 51 

days, suggesting that the sample size was sufficient for measuring home range size. 

Second, though these groups’ home ranges appeared to be physically restricted by the 

shape of the forest, data from Hondo Hondo group disproves Marsh’s (1981b) hypothesis 

that home range size is dependent upon forest shape. The focal groups in Magombera 

Forest inhabited a small northwestern triangular tip of forest with large lengths of forest 

edge composing their home range perimeters. However, Hondo Hondo group in 

Mwanihana Forest did not expand its home range into adjacent forest areas and had a 

comparably small home range. However, it is possible that, because Hondo Hondo 

group’s home range was surrounded by many other red colobus groups, the threat of 

intergroup aggression acted as a possible deterrent against expansion.  
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This evidence suggests that estimates of home range size were representative. The 

differences between URC population size estimates in Magombera made here and by 

Marshall (2008a) are best explained by the high density of URC in the Magombera study 

area relative to other areas of the forest. 

 

Habitat variation across groups 

 

Statistical analyses found no significant differences in habitat variables (such as 

food species richness, food species diversity, or food species density) among groups’ 

home ranges when 50-meter transect segments were compared. However, this method of 

comparison may be insufficient for examining these relationships, as previously 

mentioned. Habitat characteristics are instead compared in the habitat quality discussion 

below using a larger sample of red colobus taxa to better understand the relationship 

between habitat variables and home range size.  

One interesting comparison was of tree species similarity across the URC groups’ 

home ranges. The similarity coefficient between Group 1’s and Group 2’s home ranges 

was low considering their close proximity and partial overlap. Part of this difference in 

species assemblage might be explained by the location of the home ranges within the 

forest.  Group 1 occupied a home range area that includes a much larger perimeter of 

forest edge than Group 2. According to a study of tree species assemblages in forest 

edges and forest interiors, 24% of tree species were exclusive to the forest edge and 57% 

were exclusive to the forest interior (Oliveria et al 2004). The Hondo Hondo group’s and 
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the Campsite 3 group’s home ranges had similar perimeter lengths of forest edge but 

were separated by a greater distance (1300 m); species differences between the Hondo 

Hondo group’s and the Campsite 3 group’s home ranges are likely explained by 

geographic and ecological differences between sites.  

However, as shown in Tabs. 12 – 19, comparing food and non-food tree 

composition and abundances across home ranges demonstrates that the home ranges of 

Magombera groups (Group 1 and Group 2) are more similar in composition than the 

home ranges of Mwanihana groups (Hondo Hondo group and Campsite 3 group), 

indicating that indices of similarity based on presence/absence data alone may be less 

informative than composition comparisons for interpreting how diet and habitat use differ 

among groups. 

 

Factors influencing home range size across red colob us taxa 

 

Hypothetical correlates of red colobus home range size have been summarized by 

Marsh (1981b) and Struhsaker (2010) as 1) group size, 2) population density (which 

corresponds to feeding competition), 3) interspecific population density of food 

competitors, and 4) food variables/habitat quality. These factors are probably not 

independent. Each factor is addressed sequentially below, with specific attention given to 

the influence of habitat quality on home range size. Additionally, differences in 

methodology and sampling intensity among studies may introduce variation to home 

range estimates (Ch. 2, Marsh 1981b, Struhsaker 2010).  



 

110 

Data from this study do not support the hypothesis that home range size is 

correlated with group size. Group 2 and Hondo Hondo group were nearly identical in size 

(39-42 and 42-43 individuals), yet the difference between these two groups in home 

range size (12.7 ha, Group 2 and 10.2 ha, Hondo Hondo group) is as great as or greater 

than the difference between Group 1 (30-33 individuals, 8.8 ha) and either of these 

groups. This finding is true regardless of measurement method used to estimate home 

range size. However, the range in home range size differences among URC groups is 

relatively small and may not be biologically significant. Comparisons of home range size 

with group size may be more informative when differences in home range size and group 

size among groups are greater. 

 Other red colobus studies reported no relationship between home range size and 

group size (Marsh 1981b, Struhsaker 2010) or a negative relationship between home 

range size and group size (Nowak 2007). When combining data from across red colobus 

studies, no correlation was found between group size and home range size (Fig. 27; 

Spearman ρ (11) = 0.2527, p = 0.405). One caveat with this comparison is that habitat 

quality varied among groups, but data collected from groups with overlapping home 

ranges also suggest no relationship between group size and home range size (e.g. 

Zanzibar red colobus, Siex 2003).  
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Figure 27. Group size compared with home range size across red colobus taxa. Data taken from 
this study (Magombera, Hondo, gordonorum), Clutton-Brock 1975 (Gombe1, tephrosceles), 
Marsh 1981b (GrpM and GrpO, Mchelelo Tana River, rufomitratus), Siex 2003 (Shamba and 
Jozani, Zanzibar, kirkii ), Stanford 1998 (Gombe2, tephrosceles), Starin 1991 (Abuko 1&2, 
temminckii), and Struhsaker 2010 (CW, Kanyawara, tephrosceles; RUL, Ngogo, tephrosceles; 
Gatinot’s Fathala data from 1975, temminckii). 

 

Population density did not correlate with home range size in this study of URC or 

in a comparison across red colobus taxa (Fig. 28). However, relatively rapid, localized 

changes in population density may influence home range size under specific conditions, 

as shown by Siex (2003) in a compressed population of P. kirkii in Zanzibar. Groups in 

Jozani National Park were compared to groups living on agricultural shambas outside of 

the park. In the shambas, the population density was artificially high, compressed to 784 

individuals/km2 vs. 176 individuals/km2 in the forest. Home range size in the shambas 
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was smaller than in the forest and food availability was lower. Shamba groups were more 

aggressive than forest groups, most likely due to the higher levels of food competition in 

the shambas. In another example, population density of P. rufomitratus along the Tana 

River differed between 1973 – 1988, decreasing from 253 individuals/km2 to 56.3/km2. 

Red colobus home range size did increase from 4.6 ha to 6.1 ha, but not in proportion to 

the population decrease (77% population decline, 33% home range size increase) (Decker 

1994). 
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Figure 28. Population density compared with home range size across red colobus taxa. Data 
taken from this study (Magombera, Hondo, gordonorum), Rovero et al 2006 (population density 
in Mwanihana Forest, applied to Hondo Hondo group from this study), Marsh 1981b (GrpM and 
GrpO, Mchelelo Tana River, rufomitratus), Siex 2003 (Shamba and Jozani, Zanzibar, kirkii ), and 
Struhsaker 2010 (CW, Kanyawara, tephrosceles; RUL, Ngogo, tephrosceles and population 
density estimates for Marsh’s Tana River study). 

 

Data from intertaxa comparisons do not support the hypothesis that red colobus 

home range size is dependent upon the interspecific population density of food 

competitors. Marsh (1981b) argued against the hypothesis that a paucity of interspecific 

competitors explained the reduced home range sizes of red colobus groups in Fathala and 
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Tana compared with Kibale and Gombe. Marsh (1981b) noted that the number of primate 

species was similar across sites and dietary overlap seemed minimal.  

Here, the only primate species that may have a significant dietary overlap with the 

URC is the black and white colobus (Colobus angolensis palliatus) (preliminary Colobus 

dietary data in Marshall 2005). Black and white colobus (Colobus guereza) also inhabit 

Kibale National Park. Encounter rates of red colobus were similar between Ngogo and 

Mwanihana: ~0.54 groups per km walked at Ngogo (in 1975) and 0.57 groups per km 

walked in Mwanihana (between 2002-2004). Black and white encounter rates were very 

different between sites: 0.03 groups per km walked at Ngogo (in 1975) and 0.42 groups 

per km walked in Mwanihana (between 2002-2004) (Lwanga et al 2011 and Rovero and 

Struhsaker 2007). Yet contrary to predictions, home range size was larger in Ngogo 

(RUL group: 46.4 ha, 0.25 ha quadrats with lacunae adjustment, Struhsaker 2010) from 

1976-1978 than in Mwanihana (Hondo Hondo group: 19.1 ha, 0.25 ha quadrats with 

comparatively conservative adjustment) from 2009-2010. These data suggest that neither 

intra- nor interspecific population density correlates with home range size in red colobus.  

 

Relationships between home range size and habitat q uality 

 

In this section, I test the hypothesis that home range size is dependent upon food 

variables. I consider food variables that correlate with home range size as components of 

a high quality home range for URC. I hypothesize that home range size will be dependent 

upon habitat quality and predict that higher quality home ranges will be smaller. 
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Food variables such as tree density and size within home ranges are difficult to 

compare across studies due to differences in measurement criteria. For instance, Siex 

(2003) measured any tree greater than 2.5 m tall whereas trees ≥ 20 cm DBH were 

measured in this study. More standardized comparisons can be made across studies by 

testing for correlations between home range size and habitat quality indices such as 

species diversity (Shannon-Wiener Diversity Index, H`) and food availability (quantity 

index, Q). In this section, the relationship between several measures of habitat quality and 

home range size is examined such as tree species-area curves, tree species diversity, and 

food availability. 

 

Tree species-area curves 

One method for comparing habitat quality across groups is to examine the 

relationship between home range size and tree species-area curves (Marsh 1981b). Tree 

species-area curves plot the number of transects cumulatively surveyed by the cumulative 

number of tree species enumerated. If the number of species reaches an asymptote in 

relatively few transects and/or reaches an asymptote at a low number of species, monkeys 

would not be expected to range far or in diverse patterns because increasing the size of 

the home range would provide minimal benefits in terms of access to additional tree 

species. Conversely, groups with steeper curves and greater species richness may have 

greater dietary benefits from larger home range areas (Marsh 1981b). 

Species-area curves of URC groups, with their relatively small home ranges, and 

the CW group in Kibale, with its relatively large home range (Struhsaker 1997), are 
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compared in Fig. 29. The prediction that larger home ranges will have higher and steeper 

species-area curves is not completely supported. Of the URC groups, Group 2 had the 

lowest tree species-area curve, Group 1 had an intermediate curve, and Hondo Hondo 

group’s home range had the highest curve. Hondo Hondo group’s home range in 

Mwanihana and CW group’s home range in Kibale have similarly steep tree species-area 

curves, though Hondo Hondo group’s slope nearly reached an asymptote whereas the 

Kibale slope continued to increase. Sampling methods explain some of these differences: 

the measurement criterion in Kibale was based on a tree height of 9 m or taller (or 

approximately 11 cm DBH, Struhsaker 1997) whereas the measurement criterion in this 

study was based on a DBH of ≥ 20 cm. This difference will increase the number of 

individual trees and possibly species included in the Kibale survey. Also, the Kibale 

transect data were organized and plotted at random rather than by sampling sequence. 

What is clear is that the species-area curve for the Hondo Hondo group in Mwanihana 

Forest is steeper and begins to level at a higher point than the Magombera Forest groups’ 

curves.  
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Figure 29. A comparison of species-area curves for the home ranges of three Udzungwa red 
colobus groups and the CW group in K30 of Kanyawara, Kibale, Uganda. Home range sizes 
(0.25 ha adjusted quadrat method): Hondo Hondo group = 19.1 ha, Group 1 = 15.6 ha, Group 2 = 
20.4 ha, and CW group = 49 ha. Struhsaker (1997) observed the CW group of P. r. tephrosceles 
from 1970-1988. Each transect segment was 5 x 50 m. In this study, trees ≥ 20 cm DBH were 
measured. At Kibale, trees ≥ 9 m were measured (Struhsaker 1997, citing data from Skorupa 
1988). Kibale data are based on randomly arranged plots whereas URC data are based on 
sampling sequence. 

 

In a comparison of tree species-area curves for Tana River red colobus home 

ranges and the home range of the CW group of red colobus at Kibale, Marsh (1981b) 

argued that Tana River red colobus had smaller home ranges because any further increase 

in home range size would incur minimal benefit in terms of access to additional food tree 

species (Fig. 30). URC data (Fig. 29) do not support to Marsh’s (1981b) prediction. 
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Groups 1 and 2 had lower and flatter species-area curves than the Hondo Hondo group, 

yet the Hondo Hondo group’s home range was larger than Group 1’s and smaller than 

Group 2’s home range (using 0.0625 ha quadrats or the Behavior-corrected Polygon 

method).  

 

 

Figure 30. Comparison of species-area curves for the home range of Struhsaker’s (1975) CW 
group of P. r. tephrosceles in Kibale, Uganda and for the home ranges of Marsh’s (1981b) groups 
(in the Mchelelo area and Congolani area) of P. rufomitratus along the Tana River, Kenya. 
Methods were similar to Fig. 16 except entire 50 x 50 m quadrats were surveyed rather than strip 
transects. Trees over 10 m in height were included in Marsh’s (1981b) analysis. Figure from 
Marsh 1981b. 

 



 

119 

The Minimum Convex Polygon estimate or the 0.25 ha quadrat estimate (Tab. 5) 

of home range size is probably more representative of the Hondo Hondo group’s home 

range size due to sampling biases related to habitat structure and sampling intensity. This 

suggests that Hondo Hondo group’s home range may be larger than both of the 

Magombera groups’ ranges or at least as large as Group 2’s home range. However, 

comparing tree species-area curves between just Group 1 and Group 2 demonstrates an 

inverse trend relative to Marsh’s (1981b) prediction: Group 1 has a steeper and higher 

species-area curve with a smaller home range in comparison to Group 2. These 

intergroup comparisons suggest that, on a small-scale, home range size is more than a 

function of just species richness or species-area curves. 

Comparing species-area curves across the URC groups may not be an appropriate 

method for testing Marsh’s (1981b) prediction because the differences in home range size 

across these three groups were relatively small. Comparisons between groups or taxa 

with larger home range size differences may be more informative. Additionally, 

comparisons of food tree species-area curves among groups with large home range size 

differences may better demonstrate the relationship between home range size and 

species-area curves.  

A comparison of food-species area curves among the URC groups’ home ranges 

provided little insight into the relationship, if any, between these curves and home range 

size as a result of the small differences in food species richness and home range size 

among groups (Fig. 31). Group 1, with the smallest home range size, and Hondo Hondo 

group, with a home range size nearly equivalent to Group 2, have very similar food 
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species-area curves; Group 2’s food species-area curve is not as steep and begins to level 

at fewer species than Group 1 or the Hondo Hondo group. 

 

 

Figure 31. A comparison of food species-area curves for the home ranges of three Udzungwa red 
colobus groups. Home range sizes (0.25 ha adjusted quadrat method): Hondo Hondo group = 19.1 
ha, Group 1 = 15.6 ha, and Group 2 = 20.4 ha. Each transect segment was 5 x 50 m. Trees ≥ 20 
cm DBH were measured. Cumulative food species counts for each transect were derived from the 
mean of five trials where plots were randomly arranged. 

 

Species diversity 

Data from multiple taxa show no correlation between tree species diversity within 

the home range and home range size (Tab. 22; Spearman’s ρ (9) = 0.101, p = 0.768). 

However, there is a strong inverse correlation between food tree species diversity within 
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the home range and home range size (Tab. 22; Spearman’s ρ (9) = -0.788, p = 0.004), 

suggesting that food tree species diversity within the home range is a significant 

component of habitat quality for red colobus. Home range sizes were smaller in areas 

with greater food species diversity.   

 

Table 22. Influence of tree species diversity within the home range on home range size. In this 
sample of red colobus taxa, groups with greater food species diversity* had significantly smaller 
home range sizes.  

Location Group

Home range 
size (ha): 
quadrat 
method

Species 
diversity 

(H`)

Food 
species 
diversity 

(H`) Source

Kibale CW 49 2.76 - 2.82 1.67
Struhsaker 
1975, 1997

Udzungwa Hondo Hondo 12.6 2.79 2.05 this study
Udzungwa Group 1 9.8 2.65 2.22 this study
Udzungwa Group 2 14.4 2.07 1.6 this study
Zanzibar Forest 1 (Kwa Joshi) 22.4 2.73 2.15 Siex 2003
Zanzibar Forest 2 (Miwaleni) 18.2 2.93 2.18 Siex 2003
Zanzibar Forest 3 (TTK) 14.2 2.69 2.1 Siex 2003
Zanzibar Shamba 1 4.9 3.1 2.74 Siex 2003
Zanzibar Shamba 3 5.4 2.4 2.22 Siex 2003
Zanzibar Shamba 4 3.8 2.69 2.25 Siex 2003
Zanzibar Shamba 5 5.4 2.77 2.51 Siex 2003  

*CW group food species diversity calculated from transect and diet data in Tabs. 32 and 
34 in Struhsaker 1975. For the CW group, I defined a food tree species as any species 
that represented more than 1% of the total diet in Tab. 34. For the Udzungwa groups, I 
defined a food tree species as any species that represented more than 2% of the diet 
during any sample period. 
 

Food availability 

In the Zanzibar red colobus, Siex (2003) reported distinct behavioral differences 

between groups living in a forested area compared with groups living in an agricultural 

(shamba) area based on habitat quality and population density. Forest groups had greater 
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food availability, a larger total basal area of food trees, less aggression, lower population 

density, larger home ranges, and less home range overlap than shamba groups. The 

primary home range correlates in Siex’s (2003) case study were food availability and 

population density.  

To test Siex’s (2003) hypothesis that home range size is dependent upon food 

availability, these variables were compared between Siex’s (2003) three forest groups and 

the three URC groups for which home range data were available (Tab. 21). There was no 

apparent relationship between home range size and food availability in this intertaxa 

comparison. Furthermore, within Siex’s (2003) forest groups, there is no apparent 

relationship between home range size and food availability. These results indicate that 

food availability as quantified using this method does not correlate with home range size, 

suggesting that food quantity alone cannot be used to assess habitat quality for red 

colobus. Rather, the diversity of food within the home range correlates with home range 

size for URC. 

 

Conclusion 

 

URC have relatively small home range sizes compared with other red colobus 

taxa, and home range size differed by group and measurement method. However, 

differences in home range size among groups were relatively small. In Magombera 

Forest, Group 1 had 30-33 individuals, and its home range size was 8.8 ha using the 

Behavior-corrected Polygon method and 13.2 ha using the Minimum Convex Polygon 
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method. Group 2 had 39-42 individuals with a home range of 12.7 ha using the Behavior-

corrected Polygon method and 18.6 ha using the Minimum Convex Polygon method. In 

Mwanihana Forest, the Hondo Hondo group had 39 – 42 individuals, and its home range 

size was 10.2 ha using the Behavior-corrected Polygon method and 20.8 ha using the 

Minimum Convex Polygon method. Group size was not correlated with home range size 

across red colobus taxa. 

Home range sizes were used to estimate population size (1855.2 URC) and 

density (270.8 individuals/km2) of URC in Magombera Forest. These estimates were 

higher than those made from a 2004/2005 (Marshall 2008a) assessment which estimated 

a population size of 1022 ± 359 URC in Magombera Forest. The large size of Group 2 

and the high density of red colobus in the study area explain this discrepancy. More 

accurate estimates of URC population size for Magombera Forest will require focal 

follows of groups in different locations throughout Magombera Forest, which varies 

significantly in level of degradation. 

The extent that groups shared their home range differed among groups. In 

Mwanihana Forest, Hondo Hondo group was known to share only 1% of its home range 

with neighboring groups. In Magombera Forest, Group 1 shared 22% of its home range, 

and Group 2 shared 60.4% of its home range. Results from this study suggest that home 

range overlap may differ among groups and populations for at least two possible reasons. 

First, the majority of Group 2’s overlap was with a smaller Group 3 (14 individuals), and 

adult females in Group 3 may have been investigating immigration options into Group 2. 

Second, Group 3 followed Group 2 surrounding one leopard sighting and one successful 
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predation of a Group 3 adult by a leopard, suggesting that predation threat can drive 

intergroup encounters and home range overlap. Third, contrary to Mitani and Rodman’s 

(1979) prediction, there was no apparent relationship between home range overlap and 

the dispersion of the most frequently fed upon food species. 

Measures of habitat quality correlated with URC home range size. First, food tree 

species diversity within the home range was negatively correlated with home range size 

in several red colobus taxa. Home range sizes were smaller in areas with greater food 

species diversity. Second, a comparison of selectivity of the five most frequently eaten 

food species demonstrated that the two groups with the larger home ranges fed highly 

selectively on a larger number of their top five food species than Group 1 with its smaller 

home range.  

 Home range size was not apparently related to group size, intraspecific population 

density (except for shamba groups of P. kirkii (Siex 2003)), interspecific population 

density, or species-area curves. While there may be a general relationship between tree 

species-area curves and home range size, the small-scale variation in URC home range 

size could not be explained by differences in tree species-area curves across home ranges.  

While many of the hypotheses and predictions of this study were not supported, 

some important relationships between habitat variables and home range size were 

discovered and warrant further investigation. Most important, highly selective feeding 

behavior and food species diversity within the home range correlated with URC home 

range size. These findings suggest that the home range size is related more to the 

diversity of food species and selectivity of rarer food trees than overall food availability 
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or gross vegetative measures. Ranging behavior of the red colobus is clearly complex, but 

I predict that a better understanding of the relationship between ranging behavior and 

habitat variables will arise from more detailed analyses of nutrient distribution 

throughout the groups’ home ranges. 
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4. Daily Travel Distance 

 

Introduction 

 

The distance that a primate group travels each day results from a complex 

interaction of energetic intake and expenditure, ecological variables such as food 

distribution, and social factors. Studies of DTD have been used to inform models 

predicting how primates will respond to changes in environmental and social conditions. 

Understanding how variables influence DTD provides insight into species’ dietary and 

energetic strategies, ecological and metabolic constraints, and adaptive responses to 

ecological change. A thorough understanding of the interplay between habitat and DTD 

is also important for monitoring and conserving primate populations in different locations 

or within habitats undergoing natural (e.g. seasonal) or human-induced (e.g. selective 

logging) changes in condition. 

Considerable research suggests that a host of ecological variables may relate to a 

primate group’s DTD: 

• Food availability and distribution (Clutton-Brock 1975, Isbell 1983, Chapman 

1990, Gillespie and Chapman 2001, Siex 2003, Snaith and Chapman 2008), 

• Phenological patterns of food availability (Marsh 1981b, Bennett 1986, Doran 

1997, Nowak 2007, Matsuda et al 2009b), 
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• Food quality and dietary complement (Westoby 1974, Freeland and Janzen 

1974, Struhsaker and Leland 1979, Isbell 1983, Gillespie and Chapman 2001, 

Struhsaker 2010), 

• Weather (Struhsaker 1975, Raemaekers 1980, Isbell 1983, Baoping et al 2009), 

• Seasonality (Doran 1997, Agostini et al 2010),  

• Day length (Yiming 2002; Baoping et al 2009), and 

• Group size (Struhsaker and Leland 1987, Gillespie and Chapman 2001, Ganas 

and Robbins 2005, Snaith and Chapman 2008, Struhsaker 2010).  

 

Equally important to consider are social and species interactions that may 

influence ranging patterns: intra- and intergroup/specific feeding competition (Wrangham 

et al 1993, Gillespie and Chapman 2001, Snaith and Chapman 2008), intra- and 

intergroup mate competition and attraction (Isbell 1983, Struhsaker 2010), intra- and 

intergroup aggression (Struhsaker 1974, 2010; Isbell 1983), group biomass and metabolic 

demands (Clutton-Brock and Harvey 1977, Struhsaker 2010), energetic and biological 

limitations on the maximum distance an individual can travel per day (Wrangham et al 

1993), and predators (Matsuda et al 2009b).  

How these variables interact and correlate with DTD is not always predictable for 

various reasons. First, many of the variables are difficult to adequately quantify. Second, 

most studies aim to correlate some, but not all, of these variables for a species. Third, 

even when ecological correlates for behavior are determined in one population, these 

relationships vary among and within species.  
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The goal of this chapter is to explain variance in the Udzungwa red colobus 

monkeys’ (URC, Procolobus gordonorum) DTD as it relates to the following ecological 

variables: group size, seasonality, weather, food availability, phenological patterns, 

dietary diversity, characteristics about food species distribution and availability within 

the home range, and encounters with neighboring groups. Intra- and interspecific 

comparisons of these relationships between and among ecological variables and DTD are 

compared in order to make interpretations about URC dietary and energetic strategies. 

These data are also necessary for developing conservation management plans and 

predicting how populations will respond to ecological change. This is especially true for 

any endangered primate like the URC (IUCN, Struhsaker et al 2008).  

One model often used to explain the interaction between DTD and food 

availability and distribution in red colobus is the ecological-constraints model. 

Proponents of this model hypothesize that intragroup scramble competition limits group 

size whenever a group must travel farther each day to meets its nutritional and energetic 

requirements than would be required for an individual. Researchers testing this model 

predict that DTD will be greater for larger groups than smaller groups (Chapman and 

Chapman 2000). Gillespie and Chapman (2001) offer a different interpretation and 

approach for testing this model by suggesting that there must be a strong relationship 

among DTD, food availability, and group size – but not necessarily between any two of 

the variables.  

URC are good candidates for testing the ecological-constraints model. It is 

unclear how or if scramble competition is related to variation in URC groups’ DTD, and 
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contest competition is uncommon. Intragroup contest competition was witnessed when 

Magombera groups encountered 1) termite tunnels constructed along tree trunks or 2) 

areas of branches that had previously been infested by insects and had since turned into a 

sawdust material. Individuals vocalized, displayed, and/or physically fought over access 

to these materials (personal observation). Group sizes range from 7-83 individuals 

(Struhsaker et al 2004), and groups live in a range of forest types throughout the 

Udzungwa Mountains and in at least one groundwater forest in the Kilombero Valley (i.e. 

Magombera Forest) (Struhsaker and Leland 1980, Rodgers and Homewood 1982, 

Struhsaker et al 2004, Marshall et al 2005, Rovero et al 2006). Group size and habitat 

differences vary enough to test this model. 

Typically, the ecological-constraints model is tested by comparing DTD in groups 

of varying sizes. More detailed studies incorporate the effect of food availability and 

DTD on group size. However, another way of testing if food availability (which may 

correlate with scramble competition) relates to DTD is to measure DTD and food 

availability in groups of similar size. If groups of similar size living in habitats with 

similar food availability vary in their ranging behavior, other factors besides food 

availability must explain this variance. In this study, groups of similar size are studied 

and their ranging behaviors compared in relation to the ecological variables including 

food availability. 

This study furthers our understanding of primate ecology by 1) determining 

ecological relationships and testing ecological models in an endangered species for which 

no extensive ecological data has been published, 2) providing a detailed, comparative 
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data set with which to reevaluate results of other red colobus studies, 3) using a method I 

designed that calculates more representative estimates of DTD, and 4) using an index of 

food availability (Siex 2003) that takes into account the total basal area per food tree 

species within a group’s home range and temporal phytophase abundances of food tree 

species rather than less detailed measurements such as food tree density or basal area. 

Results from previous studies led to the development of the following hypotheses 

and predictions. 

H1: Ecological variation within and between home ranges will correlate with 

DTD in URC groups.  

P1a: As preferred foods (seasonal phytophases) become abundant, groups will 

reduce DTD. 

P1b: Red colobus groups will reduce DTD as temperature and humidity increase 

for thermoregulatory reasons. 

P1c: There will be a negative trend between average food tree size in a group’s 

home range and mean DTD because larger trees are more productive, allowing groups to 

consume a greater abundance at each food tree. 

P1d: There will be a negative trend between food tree species diversity in a 

group’s home range and mean DTD as groups will be able meet their dietary diversity 

requirements in shorter distances.  

H2: Variation in food availability throughout the study period will correlate with 

DTD. 

P2: As food availability increases, groups will reduce their DTDs. 
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H3: Variation in a group’s dietary diversity will correlate with DTD.  

P3: As groups travel farther, dietary diversity will increase.  

 

Methods 

 

Study area 

 

This study was conducted in the Udzungwa Mountains (centered near 8° 20’S, 

35° 50’E (Struhsaker et al 2004)) and nearby Kilombero Valley of south-central Tanzania 

(Fig. 1 in Ch. 2). Four URC groups were studied in two forests: Mwanihana Forest in the 

Udzungwa Mountains and Magombera Forest in the adjacent Kilombero Valley.  

Research in Mwanihana Forest was conducted between coordinates 7°49.6’- 

7°51.0’S, 36°52.9’ - 36°53.4’E and at a median elevation of 345 m. Mwanihana Forest 

has an area of 150.6 km2 with 69.3 km2 of closed canopy forest (Marshall et al 2010) and 

is located within the Udzungwa Mountains National Park (UMNP, 1990 km2) (Rovero et 

al 2006).  The study area in Magombera Forest was located between 7°48.7’ - 7°49.0’S, 

36°57.1’ - 36°57.6E at a median elevation of 282 m. Magombera Forest has an area of 

11.89 km2 but with only 6.85 km2 of closed canopy forest (Marshall et al 2010). 

Magombera Forest is an unprotected forest island located between the Selous Game 

Reserve and the UMNP and is surrounded by the villages of Katurukila, Magombera, 

Kanyenja, and Msolwa Stesheni. Mwanihana and Magombera are separated by 7 km of 

agricultural land, but a corridor existed between them as recently as 1979 (Rodgers et al 
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1979, as cited by Marshall 2008b). The Mwanihana study area is within a semideciduous, 

lowland forest, while the Magombera study area is located in a semideciduous, ground-

water, lowland forest. Based on fifteen years of meteorological data collected at 

Kilombero Sugar Company’s Msolwa Mill (7° 43' 30.40" S, 36° 59' 27.48" E), the rainy 

season lasts from November to May with two peaks in December and March (data 

provided by Don Carter-Brown, Managing Director of Kilombero Sugar Company).  

Each study group’s home range shared at least one border with the forest edge and 

was located within disturbed forests that were exploited for firewood collection and 

logging. While the UMNP has protective status, there was evidence of tree pole 

extraction and animal trapping in Mwanihana. Magombera currently has no protective 

status, and there was evidence of hunting, animal trapping, timber extraction, pole 

extraction, and intentional fires.  

 

Study groups 

 

In the northwest triangle of Magombera Forest, two neighboring URC groups 

were habituated and studied: Group 1 (30-33 individuals) and Group 2 (39-42 

individuals). In Mwanihana Forest, two groups with home ranges 1300 meters apart were 

habituated and studied: Campsite 3 (43 individuals) and Hondo Hondo (42-43 

individuals) groups (Fig. 2 in Ch. 2). (The Campsite 3 group ranged near UMNP’s 

campsite 3. The Hondo Hondo group ranged near the privately-run Hondo Hondo 

campsite. These campsites can be accessed from the Mikumi-Ifakara road.) My aim was 
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to habituate groups of approximately equal sizes and to select groups that would take 

relatively little time to habituate. It was difficult to meet both criteria with neighboring 

groups in Mwanihana Forest, so distant groups were selected. During each follow, group 

identity was confirmed based on the location of the group and the presence of known 

individuals. Individuals were differentiated based on pelage, facial coloration, and 

morphology (stiff digits, injury scars, body size, etc.).  

The Campsite 3 group disappeared from its original ranging area and was not 

relocated after 11 days of searching from Nov. 2009 - Mar. 2010. Limited home range 

data were available, and home range size was not calculated for Campsite 3 group. 

Campsite 3’s DTD was estimated during focal follows from Sept. to Nov. 2009. 

 

Daily travel distance data 

 

Daily travel distance (DTD) data were collected from the four focal URC groups 

from May 2009 to Mar. 2010. Group identity was confirmed daily. Ninety-nine records 

of DTD, totaling 1179.5 observation hours, were used for the following analyses except 

where noted (Tab. 63, App. A). DTD was calculated for sample days where groups were 

observed for at least 11.5 hours.  

Typically, each group was followed for four near-consecutive days each month. 

Groups were not sampled equally. DTD was recorded for 39 days for Group 1, 35 days 

for Group 2, 18 days for the Hondo Hondo group, and 7 days for the Campsite 3 group 
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(Tab. 39 in App. B). This sampling inequality resulted from varying habituation times 

among groups and the disappearance of Campsite 3 group from its known home range.  

 

Methods for calculating DTD 

 

When a focal group was observed, each new tree entered by any member of the 

focal group was assigned a numbered aluminum tree tag, given a corresponding GPS 

waypoint number, measured in diameter at a height of 1.3 meters (diameter at breast 

height or DBH), and taxonomically identified. The GPS waypoint was taken at the trunk 

of each tree. Garmin GPSMAP 60Cx GPS units were used for all GPS data collection and 

were accurate to within a few meters. Communication between the GPS unit and nearest 

satellites was never lost. 

To measure DTD, I designed the Multiple Travel Paths method to improve upon 

the conventional Center of Mass method (Ch. 2) The Multiple Travel Paths method 

calculates DTD by recording (when applicable) the multiple travel paths taken by the 

group, weighing the distance of each path based on its proportional use by the group, and 

then summing those weighted distances to get the DTD.  

Travel paths taken through the trees by the group were recorded in the form of a 

flow chart (e.g. 12 monkeys: Tree 4 � Tree 9 � Tree 45; 28 monkeys: Tree 4 � Tree 

10 � Tree 45). Using Mapsource software (Garmin, Ltd. 2010), distances between 

consecutive trees in each travel path were measured. To calculate the weighted travel 

path distance, each travel path’s distance was multiplied by the proportion of the group 
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that used the path. All weighted travel path distances for each day were summed to get 

the group’s total DTD. For example, if 10% of the group travelled 100 m and 90% of the 

group travelled 200 m, the group’s DTD would be 190 m. 

The conventional method for measuring DTD for arboreal primates is the Center 

of Mass method, but in this chapter, DTD was estimated using the Multiple Travel Paths 

method exclusively. However, for comparison, the Center of Mass method defines DTD 

as the sum of distances between consecutive group center of mass points which are 

plotted at each move between trees, at a set time interval, or both. The Multiple Travel 

Paths method provides estimates of DTD that are more representative of the distance 

traveled by an arboreal monkey group compared with the Center of Mass method (Ch. 2); 

however, if a group never used multiple travel paths, the two methods would provide 

identical estimates of DTD.  

 

Home range characteristics: General measurements an d food tree 
variables 

 

Vegetation surveys were conducted within each group’s home range using the 

transect method. These surveys were conducted at the completion of the behavioral study, 

when the boundaries of each group’s home range were known. Thirty transect locations 

were randomly selected from approximately 200 randomized latitude/longitude locations 

within each home range. Each transect was 50 meters in length along a randomly chosen 

cardinal direction. No transect areas overlapped. Trees with trunk centers within 2.5 m of 
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either side of the transect line and at least 20 cm DBH (diameter at breast height = 1.3 

meters) were measured and taxonomically identified. A length of 1500 m and area of 

0.75 ha was sampled within the home range of each URC group, totaling between 5.9 – 

8.5% of each group’s home range area. Data were recorded on dead trees but were not 

used for any calculations of habitat variables.  

From these transect data, the following variables were calculated: tree density/ha, 

average DBH of trees ≥ 20 cm DBH, average basal area of trees ≥ 20 cm DBH, basal 

area/ha of trees ≥ 20 cm DBH, tree species richness/ha, tree species diversity (H`), and 

tree species evenness (J) (Tab. 4 in Ch. 3). (See Ch. 3 for methods and equations used to 

calculate these variables.) 

These same values were also calculated to describe characteristics of URC food 

sources, referred to throughout as “food tree species.” Food tree species produce at least 

one species-specific part/phytophase ingested by URC. A species-specific plant part was 

considered a food item when it comprised at least 2% of the diet during at least one 

sample period (from May 2009 – Mar. 2010). This 2% criterion was implemented to 

exclude species-specific parts that were ingested only once (i.e. sampled) and to 

accommodate monthly samples with relatively fewer feeding observations. Using this 

criterion, an average of 87.4% of the species-specific parts ingested per sample period 

was included in this analysis of diet. 
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Phenology assessments 

 

A phenological assessment of a group’s home range accompanied each four-day 

focal-follow. Tree species selected for phenology assessments were determined after 

approximately two months of habituation and/or focal follows per URC group during 

which each group entered between 660-960 total trees. A random sample of ten adult 

trees (for groups in Magombera Forest) or seven adult trees (for groups in Mwanihana 

Forest) from each of the ten most commonly entered trees by each group was monitored 

for the duration of the study. As it was impossible to predict which species would 

ultimately serve as URC food sources, phenology tree species monitored in this study 

were not necessarily food sources.  

Following Struhsaker (1975), seven phytophases were monitored: leaf buds, 

young leaves, mature leaves, flower buds, flowers, unripe fruit, and ripe fruit. The 

phytophase abundances were scored on a scale from 0 to 4. An abundance score of 0 

indicates that a tree exhibited 0% of its potential abundance of that phytophase during the 

assessment; 1 indicates 1-25%; 2 indicates 26-50%, 3 indicates 51-75%, and 4 indicates 

76-100%. Scores were assigned regardless of a tree’s canopy size and were based on the 

production potential of the tree according to its crown size. As all trees were adults, 

crown size was similar within species. Abundance scores were averaged by species and 

phytophases.  
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In one analysis, phytophase abundances were plotted against DTD. For each 

month’s sample period, DTD was averaged, and food species phytophases abundances, 

regardless of species, were averaged for each group.  

 

Weather data 

 

Mean maximum temperature during the study was 32.4°C and mean minimum 

temperature was 20.7°C. Weather data were collected at the Kilombero Sugar Company’s 

Msolwa Mill (data provided by Don Carter-Brown, Managing Director of Kilombero 

Sugar Company). This station is located at 7° 43' 30.40" S, 36° 59' 27.48" E, which is 

10.8 km NE from Group 1’s home range in Magombera Forest and 16.3 km NE from 

Hondo Hondo group’s home range in Mwanihana Forest. The following weather 

variables were collected daily: maximum temperature (°C), minimum temperature (°C), 

rainfall (mm), relative maximum humidity (%), and relative minimum humidity (%). The 

average humidity was calculated but was so strongly correlated with minimum humidity 

(Spearman ρ = 0.7103, p < 0.001) that this variable was not used in the multiple 

regression analysis. Data from Mar. 4, 2010’s follow of Group 2 were not included in this 

specific analysis because no corresponding weather data were available. 

Two additional analyses tested for a relationship between rain with DTD. In the 

first, DTD was compared within months to test for differences between rainy and non-

rainy days.  For example, all DTD data (regardless of focal group) from January 2010 

were categorized based on the presence or absence of rain. June 2009, November 2009, 
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and January 2010 were the only months with data for both rainy and non-rainy days. 

Restricting the analyses by month aimed to control for differences in DTD resulting from 

food availability or other seasonal influences (Isbell 1983). In the second, DTD was 

regressed against the amount of rainfall (mm) with the prediction that groups would 

reduce DTD in response to heavy rain. Only days where rain fell were used in this 

analysis (n = 9), reducing the power of this test. 

 

Determining Weather Seasonality 

 

Seasonality was determined based on Walter’s methodology (1985) by creating 

climate diagrams (Figs. 32-33) using KaleidaGraph software (Synergy Software 2003). 

Meteorological data were collected at Kilombero Sugar Company’s Msolwa Mill 

(described above). On a climate diagram, the x-axis represents months. For locations in 

the northern hemisphere, months are ordered from January to December while in the 

southern hemisphere (this study), months are ordered from July to June. This ordering 

places the hottest months in the center of the diagram. There are two y-axes, the first 

showing temperature (ºCelsius) and the second showing rainfall (mm). The y-axes are 

scaled such that 10 ºC is parallel with 20 mm. On the first y-axis, temperature increases 

in increments of 10º while on the second y-axis, rainfall increases in increments of 20 

mm. However, ticks greater than 100 mm on the second y-axis are scaled in increments 

of 100 mm for consistency with standard climate diagrams and to make the diagram 

easier to interpret. 
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Figure 32. Historical climate diagram showing fifteen years of meteorological data averaged for 
each month (ordered from July (7) to June (6) on x-axis). Data were collected from the 
Kilombero Sugar Company’s climate station located at the Msolwa Mill. In brackets under the 
station name: the number of years of temperature data-precipitation data collected at the station.  
Top right: average maximum monthly temperature (ºC), average total yearly rainfall (mm). Along 
first y-axis: top number is highest average maximum monthly temperature recorded, next to 
bottom number is lowest average minimum monthly temperature recorded. Curves show 
temperature (in Celsius) and rainfall (in average mm of total rainfall) per month. Solid dark 
shading indicates monthly average rainfall over 100 mm. Vertical line shading indicates relatively 
humid (i.e. wet) seasons for this climate. Dotted shading indicates relatively dry seasons for this 
climate. Dry seasons are defined by the rainfall curve dropping below the temperature curve. Wet 
seasons are defined by the temperature curve dropping below the rainfall curve.  
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These climate diagrams provide ecologists with an easy way to differentiate 

relatively arid (i.e. dry) from relatively humid (i.e. wet) seasons for a particular location. 

Areas on the diagram where the rainfall curve runs below the temperature curve is 

considered a dry season (shaded with dots); areas where the rainfall curve runs above the 

temperature curve is considered a wet season (shaded with vertical lines). Using this 

method, the dry season during this study period (Fig. 33) lasted from mid-May through 

October. The wet season lasted from November through mid-May with a slight dip in 

precipitation in February. According to the Msolwa Mill meteorological records, this 

April 2009 - March 2010 study period was the driest year on record (data from April 

1996 – February 2011), having only 962.3 mm of total rainfall. This amount of rainfall is 

about 450 mm (or 31.9%) below the historical average.  
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Figure 33. Climate diagram created from data during my study period (April 2009 – March 
2010). Months shown are July 2009 (7 on x-axis) through December 2009 (12 on x-axis), then 
January 2010 (1 on x-axis) through March 2010 (3 on axis), finishing with April 2009 - June 
2009 (4-6 on x-axis). Fig. 32 provides details for interpreting this diagram. 

 

Dietary diversity calculations 

 

Using the equation for the Shannon-Wiener Diversity Index (H`) (Ch. 3), two 

measures of dietary diversity were calculated using either species or species-specific 

parts as the increment of measurement. Feeding scores were summed daily by each 

species and species-specific part. Non-plant material, such as insects and soil, were 
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included in this analysis. Daily measures of species-level dietary diversity and species-

specific part dietary diversity were compared with DTD.  

 

Food availability calculations 

 

A quantity index (Q coefficient) was used to provide a rough estimate of temporal 

food availability. Data required for calculating Q include dietary observations to 

determine species-specific food items, phenology records of food tree species, and total 

basal areas of food tree species. Following Siex (2003), the quantity index for a group’s 

home range is based on the food-producing potential of the trees in that group’s home 

range weighted by food availability. Q is calculated as: 

            n 
            Q = ∑Qi, 
          i = 1 

 

“where Qi is the quantity of each species in the plot. Each species’ Qi [is] calculated as the basal 

area of the species in the home range weighted by the sum of the mean monthly phenology scores 

for all phytophases of species Qi. Only phytophases that are red colobus food items [are] included 

in the weight. For example, the monthly Qi for speciesi from which red colobus consume only 

young leaves and flowers is: Qi = basal areai x (mean monthly phenology score for young leavesi + 

mean monthly phenology score for flowersi)” (Siex 2003, pg. 101). 

 

Methods for choosing and monitoring phenology trees have already been 

described, as well as methods for determining which species-specific parts to include in 

the dietary repertoire.  
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Total basal area for each food tree species was calculated from transect data. Each 

species’ total basal area/ha was extrapolated to cover the group’s entire home range. For 

example, the transect area covered 0.75 ha (8.5% of Group 1’s range), and the home 

range size of Group 1 using the behavior-corrected polygon method was 8.8 ha; 

Erythrophleum suaveolens, a primary food source, has a basal area of 6.1551 m2/ha, for a 

total basal area of 54.288 m2 (6.1551 x 8.8) in the entire home range. 

To determine if DTD is correlated with food availability, DTD was regressed 

against Q coefficients. Four days of Campsite 3 group’s DTD data were excluded from 

this specific analysis due to an absence of phenology data.  

 

Intergroup encounters 

 

DTD was compared between days with and without intergroup encounters. Group 

2 was used in this analysis. The Hondo Hondo group and Group 1 were excluded because 

these groups rarely encountered other groups (Group 1 = 3 days, Hondo Hondo group = 4 

days) for statistical analyses. An intergroup encounter was defined as a neighboring URC 

group being within a 50 m proximity to the focal group. No physical interaction was 

required by this definition. In a second analysis, DTD was compared between days with a 

long intergroup encounter (i.e. greater than 1 hour in close proximity to another group) 

and days with no intergroup encounter. 
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Statistical analyses 

 

DTD data were tested for goodness of fit to the normal distribution using the 

Shapiro-Wilk Goodness-of-Fit test in JMP (SAS Institute, Inc. 2010). The null hypothesis 

that DTD data fit the normal distribution was not rejected (Group 1: W = 0.979, p = 

0.6572; Group 2: W = 0.974, p = 0.5609; Hondo Hondo: W = 0.937, p = 0.2572; and 

Campsite 3: W = 0.889, p = 0.2678).  

ANOVA tests with alpha-levels of 0.05 were used to test for differences in DTD 

between 1) groups, 2) seasons, 3) rainy and non-rainy days, and 4) days with and without 

intergroup encounters for Group 2. Pairwise comparisons were made with the Tukey-

Kramer HSD post-hoc test in JMP (SAS Institute, Inc. 2010). The formula for the Tukey-

Kramer test is 

qs = YA - YB 
 SE 
where YA is the larger mean and YB is the smaller mean in the pairwise 

comparison and SE is the standard error of the data set. The qs value is compared to the q 

value associated with the studentized range distribution.  

Least-squares regression and multiple regression analyses were conducted with 

JMP (SAS Institute, Inc. 2010) using the leverage effect. In the first analysis, DTD was 

regressed against group size. In the second, DTD was regressed against five daily 

weather variables: maximum temperature (°C), minimum temperature (°C), rainfall 

(mm), relative maximum humidity (%), and relative minimum humidity (%). In the third 

analysis, DTD was regressed against quantity index (Q) scores (i.e. food availability). In 
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the fourth analysis, DTD was regressed against dietary diversity and food availability. 

For the last analysis, DTD was regressed against food availability and group size to test 

the ecological-constraints model. 

Spearman’s rho (ρ) correlation tests and Kruskal-Wallis tests were conducted with 

JMP (SAS Institute, Inc. 2010). Figures were created using KaleidaGraph (Synergy 

Software 2003) and Past (Hammer et al 2001) software. 

 

Results 

 

Daily travel distance (DTD) summary 

 

URC groups ranging in size from 30-43 individuals traveled a mean of 970.1 m (± 

318.1 m SD) each day. Groups traveled between 500 and 1000 meters on 48.5% of the 

focal-follow days (48 out of 99 days) and between 1000-1500 meters on 38.4% of the 

focal-follow days (38 out of 99 days) (Fig. 34). 
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Figure 34. Frequency distribution of daily travel distance (m) for the four Udzungwa red colobus 
groups (n = 99). 

 

DTD significantly varied by group (ANOVA, df = 98, F = 9.7395, p < 0.0001). 

For Magombera Forest groups, mean DTD was 881.2 meters for Group 1 and 985.4 m for 

Group 2 while for Mwanihana Forest groups, mean DTD was 1248.7 m for Hondo 

Hondo group and 673.1 m for Campsite 3 group (Tab. 23, Fig. 35). Post hoc analyses 

found that the Hondo Hondo group traveled significantly farther per day than all other 

groups and that Group 2 traveled significantly farther per day than Campsite 3 group 

(Tukey-Kramer HSD pairwise comparison, Tab. 24). The groups with the highest and 

lowest mean DTD both lived in Mwanihana Forest, within the Udzungwa Mountains 

National Park. A source of bias in this comparison is that Campsite 3 group was sampled 

for only seven days from September – November 2009. 
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Table 23. Differences among groups in daily travel distance (DTD).  

Lower Upper
Group 1 30-33 881.2 254.7 445.7 1440.6 0.29
Group 2 39-42 985.4 313.0 410.9 1717.8 0.32

Hondo Hondo 42-43 1248.7 306.6 644.9 1678.8 0.25
Campsite 3 43 673.1 177.3 446.2 885.2 0.26

Coefficient of 
variationGroup name

Mean DTD 
(meters)

Standard 
deviation +/-

DTD range (m)Group size 
(range)

 

 

 

Figure 35. Daily travel distance (DTD) varied significantly by group. Depicted is the mean, 
standard deviation, and data range of DTD per group. 
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Table 24. Pairwise comparison results from the Tukey-Kramer HSD analysis which tested for 
differences in DTD between groups. 

Hondo Hondo Group 2 Group 1
Group 2 49.04
Group 1 157.07 -67.74
Campsite 3 246.6 6.48 -95.17  

Positive values signify pairs of groups that significantly vary. 

 

Relationship between group size and DTD 

 

While an attempt was made to control for group size, groups varied in size 

throughout the study: Group 1 = 30 – 33 individuals, Group 2 = 39 – 42 individuals, 

Hondo Hondo = 42 – 43 individuals, and Campsite 3 = 43 individuals. There was no 

correlation between group size and DTD (Spearman’s ρ (97) = 0.1402, n = 99, p = 

0.1663). Results from a regression analysis oppose these findings and suggest a 

significant relationship between these variables (Fig. 36, n = 99, F = 5.1994, p = 0.0248; 

R = 0.226, R2 = 0.051, R2 adj = 0.041). Regardless of its statistical legitimacy (p = 

0.025), group size is a poor predictor of DTD, explaining only 4.1% of the variance. 

Furthermore, Fig. 37 shows no apparent trend when mean DTD is plotted by group size. 

In fact, the largest group of 43 (Campsite 3 group) had the lowest mean DTD. The large 

range of variation in DTD for any given group size implies that variable(s) besides group 

size explain more of the variation in DTD. 
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Figure 36. Results from a regression analysis indicate a positive relationship between group size 
and daily travel distance (R2 adj = 0.041, p = 0.0248). Four Udzungwa red colobus groups were 
used for this analysis. The size of each group varied throughout the study.  
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Figure 37. The relationship between daily travel distance and group size is not apparent. The 
mean daily travel distance, standard deviation (SD), and range are shown for each group size. 
There was only one observation of a group with 39 individuals.  

 

 This analysis was repeated for individual groups to determine if intragroup 

variation in group size affected the group’s DTD. There was no relationship between 

DTD and within-group changes in group size (Group 1: df = 38, F = 2.107, p = 0.1550, R 

= 0.2321, R2 = 0.0539, R2 adj. = 0.0283; Group 2: df = 34, F = 0.249, p = 0.6213, R = -

0.0865, R2 = 0.00748, R2 adj. = -0.0226). Campsite 3 group and Hondo Hondo group 

were excluded from this analysis. Campsite 3 group’s size did not vary. Hondo Hondo 

group’s size varied during the study period but not during the focal follow days. These 

results imply that group size does not correlate with DTD. 
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Seasonal variation in DTD 

 

Within-season comparison of DTD among groups 

Some groups were sampled unequally between the dry and wet season. For 

example, most of Campsite 3’s data were collected during the wet season. These 

sampling inequalities between seasons may account for some differences in DTD among 

groups. In an attempt to control for seasonal differences in DTD, DTD was compared 

among groups within each season.  

DTD significantly varied among groups during the dry season (Fig. 38, Tab. 25, 

ANOVA, df = 57, F = 3.1564, p = 0.0320). In the dry season, mean DTD was 670.1 ± 

161.8 m for Campsite 3 group, 1117.4 ± 355.3 m for Hondo Hondo group, 857.3 ± 203.8 

m for Group 1, and 932.4 ± 309.9 m for Group 2. 

 

Table 25. Daily travel distance statistics, compared among groups and between seasons. 

Lower Upper
Dry season

Campsite 3 43 670.1 161.8 446.2 824.2
Group 1 30-33 857.3 203.8 482.5 1137.6
Group 2 42 932.3 309.8 533.7 1717.8
Hondo Hondo 42 1117.4 355.3 644.9 1568.5
Wet season

Campsite 3 43 680.5 289.4 475.9 885.2
Group 1 30-31 923.7 331.5 432.6 1440.6
Group 2 39-42 1065.0 311.7 410.9 1514.6
Hondo Hondo 42 1332.4 253.6 818.5 1678.8

Range (m)Standard 
deviation 

Mean DTD 
(m)

Group name 
and Season

Group size 
(range)

 



 

153 

 

Figure 38. Intergroup variation in DTD during the dry season. DTD significantly varied among 
groups (p = 0.0320). 

 

DTD significantly varied by group during the wet season (Fig. 39, Tab. 25, 

ANOVA, df = 40, F = 4.909, p = 0.0057). In the wet season, mean DTD was 680.6 ± 

289.4 m for Campsite 3 group, 1332.4 ± 253.6 m for Hondo Hondo group, 923.7 ± 331.5 

m for Group 1, and 1065.0 ± 311.7 m for Group 2. 

 



 

154 

 

Figure 39. Intergroup variation in DTD during the wet season. DTD significantly varied among 
groups (p = 0.0057). 

 

Seasonal comparison of DTD within groups 

Wet season DTDs were compared with dry season DTDs for each group. Though 

mean DTD was greater in the wet season than in the dry season for each group, DTD did 

not differ significantly between seasons for any group (ANOVA, Campsite 3: df = 6, F = 

0.004, p = 0.9511; Group 1: df = 38, F = 0.603, p = 0.4425; Group 2: df = 34, F = 1.533, 

p = 0.224; Hondo Hondo: df = 17, F = 2.259, p = 0.152).  
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The relationship between DTD and weather variables 

 

Of the five variables examined, only minimum relative humidity was significantly 

related to DTD (Fig. 40, df = 97, F = 18.821, p < 0.0001; R = 0.402, R2 = 0.1619, R2 adj. 

= 0.1552). As minimum relative humidity increased, URC groups traveled farther. 

Maximum and minimum relative humidity were correlated (Spearman’s ρ (96) = 0.2658, 

p = 0.0082), yet there was not a statistical relationship between maximum humidity and 

DTD (df = 97, F = 0.3054, p = 0.5818; R = 0.056, R2 = 0.003, R2 adj. = - 0.007). When 

the relationship between these same weather variables and DTD was tested for individual 

groups, weather was significantly related to DTD only in Group 2 (Group 2: n = 34, F = 

2.5764, p = 0.0487, R2 = 0.3151, R2 adj. = 0.1928l; Hondo Hondo group: n = 18, F = 

1.3096, p = 0.3235, R2 = 0.3530, R2 adj. = 0.0835; Campsite 3 group: n = 7, F = 1.9715, 

p = 0.4918; Group 1: n = 39, F = 1.2613, p = 0.3038), suggesting a spurious correlation 

between DTD and minimum relative humidity. 
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Figure 40. Minimum relative humidity had a positive, significant relationship with daily travel 
distance (DTD) across four groups of Udzungwa red colobus (R2 = 0.1639, p < 0.0001).  

  

Rain fell on only 9 of the 98 focal-follow days for which weather data were 

available. While rain was included as a variable in the multiple regression analysis, 

results may have been erroneous due to the small sample size. A second analysis was 

conducted where DTD was compared within months to determine if DTD was shorter on 

rainy days compared to days without rain. DTD did not vary between rainy and non-rainy 

days in June 2009 (ANOVA, two-tailed, df = 8, F = 0.128, p = 0.731), November 2009 

(df = 21, F = 0.132, p = 0.720), or January 2010 (df = 8, F = 2.528, p = 0.156). A third 

analysis regressed DTD against amount of rainfall (mm) for rainy days only and found no 

significant relationship between amount of rainfall and DTD (df = 8, F = 0.0242, p = 
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0.8808, R2 = 0.00344, R2 adj. = -0.1389). All analyses suggest that rainfall did not 

significantly correlate with DTD during this particularly dry year. 

 

The relationship between DTD and food tree species variables 

 

 The small sample of only four URC groups precludes the use of quantitative 

statistics to describe relationships between a group’s DTD and the food tree 

characteristics of its home range (Tab. 26). Furthermore, Campsite 3 group’s mean DTD 

is calculated from 7 focal-follow days and is less informative than the three primary 

groups’ means. 

Instead, qualitative comparisons can be made between DTD and food species 

variables. Both ranging behavior and food tree characteristics varied among the groups 

(Tab. 26, Fig. 41). The only trend is that DTD appears to increase as food tree density 

within the home range increases. Future research is necessary to test this relationship 

statistically.  
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Table 26. Characteristics of food tree species within each group’s home range are described. 
Relevant measurements of ranging behavior are shown for comparison. *Home range size was 
calculated using the Behavior-corrected Polygon method, and home range size was not calculated 
for the Campsite 3 group due to its small sample of focal follow days. 

 

 



 

159 

 

Figure 41 continues onto the next page.
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Figure 41. The relationship between DTD and food species variables within the home range of 
each group. Mean DTD from the entire study is shown for each group (Campsite 3 group = 
triangle, Group 1 = square, Group 2 = star, Hondo Hondo group = circle). The food tree 
characteristics within each group’s home range were calculated from transect data collected at the 
completion of the study. A food tree species produced an item that comprised at least 2% of any 
group’s diet during any sample period. 

 

Relationship between food availability (Q) and DTD 

 

 When data from all groups were combined, there was no relationship between 

food availability, as determined using the quantity index (Q), and DTD (regression, df = 

27, F = 0.1523, p = 0.6996; R = -0.076, R2 = 0.006, R2 adj. = -0.032). Likewise, no 

relationship was found between food availability and the DTD for a particular group 

(Group 1: df = 10, F = 1.150, p = 0.3115; R2 = 0.113, R2 adj. = 0.015; Group 2: df = 10, F 

= 0.318, p = 0.586; R2 = 0.034, R2 adj. = -0.0731). Hondo Hondo group and Campsite 3 

group were not analyzed individually since phenology assessments of their home ranges 

were only conducted for 5 and 1 months respectively.  
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When data from all groups were combined, DTD also did not differ in relation to 

food availability of each group’s two most commonly eaten food species (regression: df = 

91, F = 0.0003, p = 0.987, R = -0.002, R2 = 0.000, R2 adj. = -0.011; top food species list: 

Tabs. 48-51 in Ch. 6). Likewise, there was no relationship between DTD and food 

availability for the top two food species for a particular group (Group 1: top two food 

species: Erythrophleum suaveolens and Ochna holstii, df = 34, F = 2.222, p = 0.6516, R 

= -0.079, R2 = 0.006, R2 adj. = -0.024; Group 2: top two food species: Erythrophleum 

suaveolens and Albizia gummifera, df = 33, F = 0.2936, p = 0.5917, R = -0.095, R2 = 

0.009, R2 adj. = -0.022).  

 

The relationship between phenological patterns and DTD 

 

Monthly patterns of phytophase abundances of food tree species and mean DTD 

are shown for each group in Figs. 42-45. When comparing equivalent months, Group 1’s 

and Group 2’s home ranges had a higher mean abundance of young leaves and young 

growth than the Hondo Hondo group’s home range and a lower mean abundance of 

mature leaves (Tab. 27). This difference in phytophase abundances and/or seasonality in 

the home range may be related to soil-type and water availability. Mwanihana groups live 

at the base of the Udzungwa Mountains with its perennial streams, perhaps supplying 

trees with more consistent access to underground water, while Magombera groups are 

located in a flat valley, 7 km from the base of the Udzungwa Mountains. Therefore, 
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ground water supplies are likely to be more seasonal in Magombera than Mwanihana 

Forest. 

 

Table 27. Mean phytophase abundance scores of phenology trees within groups’ home ranges. 
Young growth includes leaf buds, young leaves, floral buds, flowers, and unripe fruit. Abundance 
scores range from 0 – 4 with a score of 4 indicating that trees were expressing their full potential 
of a specific phytophase for their adult tree size. Equivalent months are compared (September 
2009 to February 2010).  

young leaves young growth mature leaves
Magombera groups 1.25 0.51 2.38

Mwanihana, Hondo Hondo 0.70 0.36 3.83

Mean abundance score
Forest and Group
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Figure 42. Group 1: the relationship between food tree phenology and DTD. The month (and 
day, shown if there were two phenology samples conducted within one month) of the phenology 
assessment is displayed along the X axis. Average DTD for focal-follow days surrounding the 
phenology assessment is show on Y1. Error bars represent one standard deviation. Average 
phytophase abundances on a scale of 0-4 are shown for leaf buds (LB), young leaves (NL), flower 
buds (FB), flowers (FL), unripe fruit (UF), and mature leaves (ML) on Y2. An abundance score of 
0 indicates that a tree expressed 0% of its potential for that phytophase during the assessment; 1 
indicates 1-25%; 2 indicates 26-50%, 3 indicates 51-75%, and 4 indicates 76-100%. 



 

164 

 

 

Figure 43. Group 2: the relationship between food tree phenology and DTD. The month (and 
day, shown if there were two phenology samples conducted within one month) of the phenology 
assessment is displayed along the X axis. Average DTD for focal-follow days surrounding the 
phenology assessment is show on Y1. Error bars represent one standard deviation. Average 
phytophase abundances on a scale of 0-4 are shown for leaf buds (LB), young leaves (NL), flower 
buds (FB), flowers (FL), unripe fruit (UF), and mature leaves (ML) on Y2. An abundance score of 
0 indicates that a tree expressed 0% of its potential for that phytophase during the assessment; 1 
indicates 1-25%; 2 indicates 26-50%, 3 indicates 51-75%, and 4 indicates 76-100%. 
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Figure 44. Hondo Hondo group: the relationship between food tree phenology and DTD. The 
month of the phenology assessment is displayed along the X axis. Average DTD for focal-follow 
days surrounding the phenology assessment is show on Y1. Error bars represent one standard 
deviation. Average phytophase abundances on a scale of 0-4 are shown for leaf buds (LB), young 
leaves (NL), flower buds (FB), flowers (FL), unripe fruit (UF), and mature leaves (ML) on Y2. 
An abundance score of 0 indicates that a tree expressed 0% of its potential for that phytophase 
during the assessment; 1 indicates 1-25%; 2 indicates 26-50%, 3 indicates 51-75%, and 4 
indicates 76-100%. 
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Figure 45. Campsite 3 group: DTD and phytophase abundances during November. The month of 
the phenology assessment is displayed along the X axis. Average DTD for focal-follow days 
surrounding the phenology assessment is show on Y1. Error bars represent one standard 
deviation. Average phytophase abundances on a scale of 0-4 are shown for leaf buds (LB), young 
leaves (NL), flower buds (FB), flowers (FL), unripe fruit (UF), and mature leaves (ML) on Y2. 
An abundance score of 0 indicates that a tree expressed 0% of its potential for that phytophase 
during the assessment; 1 indicates 1-25%; 2 indicates 26-50%, 3 indicates 51-75%, and 4 
indicates 76-100%. 
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One month of phenology data were available for Campsite 3 group (Fig. 45). Like 

the Hondo Hondo group, this group lived at the base of the Udzungwa Mountains, but 

with a stream flowing through part of its home range. Phytophase abundances in 

November can be compared with phytophase abundances in other groups’ ranges during 

November. Comparative data suggest that phytophase abundances of Campsite 3’s food 

trees are more similar to those in Group 2’s and Group 1’s home ranges than Hondo 

Hondo group’s home range. Among Campsite 3’s food species, the average abundance 

score for young leaves was 2.23 and for mature leaves was 2.64. For Groups 1 and 2, the 

average abundance score for young leaves in November was 1.39 and for mature leaves 

was 2.23. For Hondo Hondo group’s food species, the average abundance score for 

young leaves in November was 0.39 and for mature leaves was 3.71.  

There was not a significant correlation between a group’s average DTD and the 

abundance of any specific phytophase. However, Groups 1 and 2 in Magombera Forest 

traveled significantly shorter distances in October and November, when a seasonal flush 

of leaf buds, young leaves, flower buds, flowers, and unripe fruits (i.e. young growth) 

occurred (Tab. 28, Figs. 41-42; Kruskal-Wallis, Group 1: n = 39, Z = -2.855, p = 0.0043; 

Group 2: n = 35, Z = -2.071, p = 0.0384). The same was not true for Hondo Hondo group 

(Tab. 28, Fig. 44), possibly because young growth phytophase abundances were lower 

within this group’s home range. 
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Table 28. Daily travel distance comparison between months with an abundance of young growth 
(October and November) and all other months in the study period. 

Mean DTD (m) Mean DTD (m)
Oct. and Nov. Other months

Group 1 738.9 288.4 960.8 198.1
Group 1 852.5 241.4 1074.0 328.7
Hondo Hondo 1294.3 325.4 1226.0 308.9
Campsite 3 657.1 188.6 768.8 n/a

± Standard 
deviation

± Standard 
deviationGroup name

 

 

These results may partly explain why Campsite 3’s DTDs were comparatively 

short and significantly less than Hondo Hondo group’s and Group 2’s (Tab. 23-24). Most 

DTD data for Campsite 3 group were collected during October and November whereas 

other groups were sampled for up to 9 months. While Group 1 and Group 2 traveled 

significantly shorter distances during this period, Hondo Hondo group did not (Kruskal-

Wallis, Hondo Hondo group: n = 18, Z = 0.328, p = 0.7431). DTD comparisons across 

groups in October and November indicate that the Hondo Hondo group traveled 

significantly farther than the other three groups (ANOVA, Tukey-Kramer HSD test, n = 

40, q = 2.69, p < 0.001), and that Group 1, Group 2, and Campsite 3 group’s DTDs did 

not significantly vary from each other during these two months with an abundance of 

young growth (Tab. 29). 

Anecdotally, the behavior of Magombera Forest groups seemed distinct during 

October and November, with groups traveling in the early morning and late afternoon 

while spending the majority of the day sleeping and feeding in only a few trees. Groups 

reduced their movement during the hotter times of day. During this October/November 

period, the daily maximum temperature was significantly higher and daily mean relative 
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humidity was significantly lower compared with other months in the study. Mean 

maximum temperature during the October/November focal follows was 34.4°C, while 

mean maximum temperature during the remainder of the study period was 31.5°C (May - 

September and January – March) (ANOVA, df = 74, F = 35.80, p < 0.0001). The average 

relative mean humidity was 65.7% on October and November focal-follow days and 

73.2% during focal-follow days in other months (ANOVA, df = 74, F = 24.90, p < 

0.001).  

 

Table 29. Pairwise comparison results from the Tukey-Kramer HSD analysis which tested for 
differences in daily travel distance between groups during the phenology period (October-
November) when a flush of young plant material was available from food tree species. 

Hondo Hondo Group 2 Group 1
Group 2 92.25
Group 1 205.91 -157.07

Campsite 3 223.65 -154.08 -267.73  

Positive values signify pairs of groups that are significantly different. Hondo Hondo varies from 
all other groups, which do not vary from each other. 

 

This reduced DTD for Magombera groups during October and November can be 

explained in at least two possible ways. First, groups may travel shorter distances to 

avoid hyperthermia during these hotter months. Second, groups may have met their 

dietary requirements in shorter distances due to the higher abundances of young growth 

phytophases within their home ranges. Regardless of month, URC fed selectively on 

young growth phytophases, and young growth constituted the majority of the diet across 

sample periods (e.g. Group 1: October/November = 65.6% of diet, other months = 79.2% 
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of diet; Group 2: October/November = 87.1%, other months = 74.8%; Figs. 69 - 72, Ch 

6.). However, DTD was significantly shorter when phytophase abundances were high 

than when they were low /absent from phenology assessments. It seems that groups met 

their dietary requirements in shorter distances when selected foods were in high 

abundance. When selected foods were at low abundances, groups may have traveled 

farther to meet their dietary requirements.  

Like Group 1 and Group 2, young growth comprised the majority of the Hondo 

Hondo group’s diet regardless of sample period (Fig. 71, Ch. 6). However, the lower 

abundances of young growth in its home range, relative to other focal groups, may have 

required the Hondo Hondo group to travel longer distances each day to meet the its 

dietary requirements (Fig. 44, Tab. 28-29) and could explain why DTD did not differ 

significantly throughout the study period for this group. 

 

Relationship between dietary diversity and DTD 

 

DTD was not correlated with either measure of dietary diversity, whether it be the 

diversity of species consumed per day or the diversity of species-specific parts consumed 

per day (Fig. 46, species consumed: n = 75, F = 0.8267, p = 0.366, R = 0.106, R2 = 

0.0112, R2 adj. = -0.002; Fig. 47, species-specific parts consumed: n = 75, F = 1.6085, p 

= 0.209, R = 0.147, R2 = 0.0216, R2 adj. = 0.008).  
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Figure 46. Regression analysis results indicate that there is no significant relationship between 
daily travel distance (m) and the diversity of food species consumed (H`), as calculated using the 
Shannon-Weiner Diversity Index (H`). 
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Figure 47. Results of a regression analysis show no significant relationship between daily travel 
distance (m) and a group’s daily dietary diversity (H`)  in terms of species-specific parts 
consumed. 

 

When the relationship between DTD and dietary diversity was examined for each 

group, a significant relationship was found between DTD and species-level dietary 

diversity for the Campsite 3 group only (Fig. 48, n = 7, F = 12.7729, p < 0.0160; R = -

0.8478; R2 = 0.7187, R2 adj. = 0.6624). However, there were no significant relationships 

between DTD and species-specific part dietary diversity (SSPDD) or species-level 

dietary diversity (SLDD) for any other groups (Campsite 3 SSPDD: n = 7, F = 0.3502, p 

= 0.5797; R2 = 0.0655; Group 1 SSPDD: n = 27, F = 0.1567, p = 0.6956, R2 = 0.0062; 
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Group 1 SLDD: F = 2.1732, p = 0.1529, R2 = 0.080; Group 2 SSPDD, n = 23, F = 

1.1078, p = 0.3045, R2 = 0.0501; Group 2 SLDD: F = 0.9683, p = 0.3363, R2 = 0.044; 

Hondo Hondo SSPDD: n = 18, F = 0.7299, p = 0.4055, R2 = 0.0404; Hondo Hondo 

SLDD: F = 0.7098, p = 0.4119, R2 = 0.0425). The results suggest a spurious relationship 

between dietary diversity and DTD for the Campsite 3 group that may result from a small 

sample size. 

 

 

Figure 48. Campsite 3 group’s daily travel distance had a significant, negative relationship with 
the diversity of species (H`) consumed per day. 
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Intergroup encounters 

 

Group 2 encountered a neighboring URC group on 18 of 36 focal follow days 

(50% of days). Group 2’s DTD did not differ on days with and without intergroup 

encounters (ANOVA: df = 34, F = 0.5091, p = 0.4805). On days where Group 2 

encountered another group within 50 m, mean DTD was 948.5 ± 289.3 m compared to 

1024.5 ± 340.6 m on days where Group 2 did not encounter another group.  

DTD on days when Group 2 remained in close proximity to another group for 

longer than 1 hour (i.e. a long encounter) were compared with DTD on days where Group 

2 did not encounter another group. DTD did not vary between days with long intergroup 

encounters and days without intergroup encounters (ANOVA: df = 25, F = 0.3912, p = 

0.5376). Mean DTD on days with long encounters was 938.5 ± 319.8 m and on days with 

no intergroup encounter was 1024.5 ± 340.6 m.  

 

The ecological-constraints model 

 

Data from this study do not support the ecological constraints model. Even though 

the variance in group size among groups was small, others (e.g. Teichroeb and Sicotte 

2009) have tested the ecological-constraints model using a similarly small group size 

range. As reported above, there was no relationship between a group’s size and its DTD 

(tested in Group 1 and Group 2). There was also no relationship between a group’s DTD 

and food availability (measured using the Quantity index) within its home range. When 
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data from all groups were lumped, group size significantly explained only 4.1% of the 

variance in DTD, and food availability was not related to DTD. 

Testing Gillespie and Chapman (2001)’s hypothesis of a relationship among 

DTD, group size, and food availability, a multiple regression model was constructed with 

DTD as the dependent variable and group size and food availability as independent 

variables. There was no relationship between these variables for Group 1 (df = 38, F = 

1.031, p = 0.3668, R2 = 0.0542, R2 adj. = 0.0016) or Group 2 (df = 33, F = 0.6631, p = 

0.5224). When data from all groups were lumped, group size and food availability 

significantly explained only 7.8% of the variance in DTD (df = 95, F = 5.046, p = 0.0083, 

R = 0.3129, R2 = 0.09789, R2 adj. = 0.07849).  

Overall, these data do not support the ecological-constraints model. While some 

results were significant, group size or group size with food availability explained only a 

small amount of the variance in DTD. 

 

Discussion 

 

Summary 

 

The following summarizes the major findings of this study. URC mean DTD was 

970.1 m (± 318.1 m SD), which is relatively long for red colobus. Mean DTD 

significantly differed between URC groups. Some of the variation can be qualitatively 

related to disparities in food tree density among the groups’ home ranges; as density 
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increased, mean DTD was longer. Additional findings include that group size had a 

minimal influence on DTD, explaining only 4.1% of the variance. Group 2’s DTD was 

related to daily minimum relative humidity (%), but this finding is likely a spurious 

correlation.  

Ranging patterns of some groups correlated with phytophase abundances; Group 

1 and Group 2 traveled shorter distances in October and November when a seasonal flush 

of young growth phytophases (i.e. leaf buds, young leaves, flower buds, flowers, and 

unripe fruit) became available and their abundances peaked. Nearly every sample from 

Campsite 3 group was collected during October and November which may explain why 

its mean DTD was short relative to other groups’ annual mean DTDs. Hondo Hondo 

group’s DTD was not relatively short during October/November, perhaps due to lower 

abundances of young growth within its home range. The Hondo Hondo group may have 

traveled longer distances, relative to the other groups, to consume a comparable amount 

of young growth which comprised the majority of the diet across sample periods and 

groups (Figs. 69-72, Ch.6). 

Results from a multiple regression analysis did not support the ecological-

constraints model. In addition, no relationship was found between DTD and 1) season, 2) 

weather variables (temperature, humidity, or rainfall), 3) food availability, 4) specific 

phytophase abundances, 5) dietary diversity, or 6) intergroup encounters.  
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Comparing DTD among red colobus taxa 

 

The Udzungwa red colobus monkey’s DTD stands out as being long compared to 

other red colobus taxa. This taxon has relatively small home ranges (Ch. 3), and the 

groups’ movement patterns, particularly in Magombera Forest, involved traveling back 

and forth within their home ranges. While not calculated in this study, indices of quadrat 

utilization diversity should be relatively low as a result. 

 A comprehensive table (Tab. 6.12 in Struhsaker 2010) of DTD means and ranges 

from numerous red colobus taxa demonstrates that URC have a greater mean DTD and 

the greatest recorded DTD (Group 2: 1717.8 m) compared to any other taxa. The mean 

DTD for four URC groups was 970.1 m (± 318.1 m SD), while geographically nearby red 

colobus taxa had shorter mean DTDs: 420 m (P. kirkii, 7 groups, Jozani area, Siex 2003), 

530 m (P. kirkii, 6 groups, mangrove and coral rag forests, Nowak 2007), 603 m (P. 

rufomitratus, 1 group, Tana River, Marsh 1981b), and 620 m (P. r. tephrosceles, 2 

groups, Kibale, Struhsaker 2010). A group of 52.5 red colobus in the Taї Forest have the 

closest mean DTD to the URC (922 ± 214 m) (Korstjens et al 2007) while living in a 

different habitat: a large (3300 km2) moist evergreen forest with an average rainfall 90% 

greater than the amount of rain that fell during the URC study period and a cooler mean 

annual temperature of 24°C.  

The longer DTDs measured in this study can be partly attributed to the data 

collection method. Most studies of arboreal primate groups measure DTD with the Center 

of Mass method. However, the Center of Mass method underestimates DTD by an 
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average of 12.5% or 132 m compared with the Multiple Travel Paths method used here 

(Ch. 2). If, for comparative purposes, the URC DTD is adjusted by the average 

methodological difference of 12.5%, mean DTD would be 848.8 m, still longer than the 

average distance traveled by most red colobus taxa each day (with the exception of P. 

badius in the Taï Forest (Korstjens et al 2007)). As with all studies that employ varied 

methods, these findings suggest that caution must be exercised when making cross-study 

comparisons. 

Why URC have relatively longer DTD compared with other red colobus is 

unclear. However, tree species-area curves cannot explain these intertaxa differences in 

DTD (Fig. 29 and 31, Ch. 3). Struhsaker (2010) and Marsh (1981b) hypothesized that 

low tree species-area curves within a group’s home range may correlate with relatively 

shorter DTDs. Data from this study do not support this hypothesis. While Hondo Hondo 

group had the longest mean DTD and had the steepest and highest tree species-area 

curve, Group 1 had a higher curve than Group 2 but traveled shorter distances (Fig. 29 

and 31, Ch 3). In addition, URC DTDs are longer on average than the CW group’s DTDs 

in Kibale, but the tree species-area curve associated with the CW group’s home range is 

steeper and higher than any of the curves associated with URC home ranges (Fig. 29, Ch. 

3).  
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Ecological correlates with DTD 

 

Weather seasons 

URC DTD did not significantly differ between wet and dry seasons. However, 

Zanzibar red colobus traveled farther in the wet season than in the dry season (Nowak 

2007), and seasonal differences in day length correlated with DTD in snub-nosed 

monkeys (Rhinopithecus roxellana: Yiming 2002; R. bieti: Baoping et al 2009). 

 

Weather 

Group 2’s DTD was significantly and positively correlated with minimum relative 

humidity, while temperature, maximum relative humidity, and rainfall were not 

correlates. Weather variables were not correlated with DTD in other groups. Why Group 

2 traveled farther on days with a higher minimum relatively humidity is unknown. As 

minimum relative humidity increased, DTD was predicted to decrease. These results 

suggest a spurious positive correlation between relative minimum humidity and DTD for 

Group 2. However, it is possible that minimum relative humidity may covary with some 

other DTD correlate. One prediction for a covariate with relative humidity is food 

availability. However, while food availability and minimum relative humidity were 

correlated (Spearman’s ρ (93) = -0.2799, p = 0.006), there was no relationship between 

food availability and DTD.   
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Gillespie and Chapman (2001) found no correlation between rainfall and DTD in 

red colobus. In other studies, however, weather variables significantly correlated with 

DTD. In Kibale, there was a significant correlation between average monthly DTD and 

monthly rainfall (Struhsaker 1975), and Isbell (1983) found that red colobus groups 

traveled shorter distances on days with rain (when rainy and nonrainy days were 

compared within months). Gorillas (G. b. beringei, Ganas and Robbins 2005) and 

gibbons (Hylobates syndactylus continentis and H. lar lar, Raemaekers 1980) also 

traveled shorter distances on rainy days (Ganas and Robbins 2005). A study of snub-

nosed monkeys (Rhinopithecus bieti) found a positive correlation between daily 

maximum temperature and DTD (Baoping et al 2009).  

Given that rainfall is a correlate of DTD in other red colobus taxa, it is possible 

this study period was unsuitable for testing this relationship due to the historically low 

amount of rainfall. For instance, heavy downpours were rare and, when they did occur, 

were short. While red colobus typically sat and huddled while it rained, the duration of 

rain fall was short, and there was no clear correlation between these short rains and 

reduced movement during the remainder of the day. 

Alternatively, this relationship between weather and DTD can be examined on a 

shorter time scale. For instance, maximum daily temperature was significantly higher in 

October and November compared with the rest of the study period, and Magombera 

Forest groups traveled significantly shorter distances during these two months. Monkeys 

may move less to avoid hyperthermia during these hotter months.  
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There seems to be an interaction among temperature, phytophase abundances, and 

DTD which is discussed in the phytophase abundance section below.  

 

Food tree characteristics within the home range 

Qualitative comparisons of food species characteristics among URC groups’ 

home ranges suggest a positive relationship between DTD and food tree density but not 

other gross habitat characteristics. In this study, the Hondo Hondo group had the longest 

DTDs and the highest density of food trees within its home range, though this should not 

be interpreted to mean that food availability was greater. To the contrary, food 

availability was, on average, lower in Hondo Hondo’s home range than in Group 1’s and 

Group 2’s home ranges (according to quantity index scores). Rather, these food trees 

were smaller in diameter and more densely packed than other groups’ food trees. Because 

food tree diameter is roughly proportional to potential productivity (Chapman et al 1992, 

Peper et al 2001), the Hondo Hondo group may have traveled through many small trees 

in order to reach larger and more productive trees, increasing the group’s DTD relative to 

other groups. Data from additional groups are required to test this relationship 

statistically. 

Other studies report mixed results in terms of a relationship between gross habitat 

characteristics and DTD. For instance, Struhsaker (1974) reported no correlation between 

DTD and the dispersion of a red colobus group’s top four food species or food species 

diversity. However, Gillespie and Chapman (2001) found that DTD decreased as the 

cumulative diameter of food trees and food tree density increased for a larger group of 
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red colobus but not for a smaller group. (See Struhsaker 2010 for a critique of Gillespie 

and Chapman’s (2001) study, which evaluated food trees based on presence/absence of 

food items rather than with an abundance index.)  

Many studies failed to find relationships between gross habitat variables and 

DTD, and this project examined too few groups to be conclusive. Clutton-Brock (1975) 

reasonably summarizes that there may not necessarily be any relationship between DTD 

and broad food characteristics within a group’s home range due to 1) intraspecific 

variation in food production by trees, 2) the complex combination of variables required to 

meet the dietary requirements of red colobus, 3) the possibility that foraging strategies 

and requirements may vary seasonally, and 4) that additional, perhaps more influential 

variables, may affect DTD. 

 

Food availability  

Food availability (quantified using a quantity index (Q)) of all food trees within 

the phenology sample did not correlate with DTD. Food availability of the top two food 

species for each group also did not correlate with DTD. These results were surprising 

because, first, there is a relationship between phytophase abundances and DTD for Group 

1 and 2, and, second, numerous studies have found relationships between DTD and food 

availability (e.g. gibbons: Raemaekers 1980; red colobus: Siex 2003; howling monkeys: 

Agostini et al 2010) or DTD and habitat quality (which, in the savannah, was probably 

related to food availability (vervets (Cercopithecus aethiops): Struhsaker 1967)). 
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Furthermore, some researchers testing the ecological-constraints model report significant 

relationships between group size, DTD, and food availability (discussed below). 

One explanation is that the quantity index used in this study may not have 

adequately approximated food availability. Some species included in the phenology 

assessments were ultimately not URC food sources and were excluded from food 

availability calculations. Additionally, only ten (or seven) specimens of each of the ten 

phenology species were monitored. This number may have been sufficient for species 

with synchronized fruiting. However, phytophase availability in asynchronous species 

may have been misrepresented by this sample size. For example, unripe fruits of 

Erythrophleum suaveolens composed the majority of Group 1’s diet in June and July and 

Group 2’s diet in June, yet phenology assessments in Magombera Forest recorded an 

absence of unripe fruit on all Erythrophleum suaveolens specimens, reporting instead 

small abundances of ripe fruit (mean score of 0.4 in June and 0.75 in July). Compared 

with food availability measures used in other studies, however, which are often based 

only on food tree density and sometimes include presence/absence or ranked phenology 

data, this quantity index is more informative. 

The more probable explanation for why no relationship was found between DTD 

and food availability is that URC dietary selections are not based primarily or only on 

food quantity but also on food quality and nutrient balancing (Westoby 1974, Clutton-

Brock 1975, Isbell 1983, Chapman and Chapman 2002, Wiggins et al 2006, Struhsaker 

2010) which are more difficult to measure and quantify. In an observation of red colobus 

in Kibale, for instance, a group moved back and forth between two different food trees 
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for over 7 hours; this group may have dealt with secondary compounds and/or nutrient 

differences by switching between species-specific food items (Struhsaker 2010), as has 

been demonstrated experimentall in possums (Wiggins et al 2006). 

Another reason that food availability may not have correlated with DTD in this 

study is that food availability was determined based on the quantity of species-specific 

parts available for consumption. No consideration was made for the temporal variation in 

feeding behavior. For instance, if red colobus consumed unripe fruits of a species in June, 

mature leaves in July, and new leaves in October, abundances of these three phytophases 

would all be used to calculate food availability for this tree species’ specimens for each 

phenology period. As a result, a tree specimen may have a high quantity/availability 

score on a given day, but red colobus may not incorporate its available phytophases into 

their dietary repertoire that day. In other words, feeding selectivity may obscure the 

relationship between food availability and DTD.  

 

Phenology patterns of phytophase abundances 

Regardless of sample period, young growth comprised the majority of all groups’ 

diets (Ch. 6, Figs. 69-72). For Group 1, Group 2, and the Campsite 3 group, young 

growth phytophases within their home ranges became available in close synchrony and 

had a high peak in abundance. For Group 1 and Group 2, DTD was significantly shorter 

during October and November when the abundance of young growth peaked. For 

Campsite 3 group, which was sampled almost exclusively during this period, DTD was 

relatively short and did not differ significantly from Group 2’s or Group 1’s DTD during 
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this October/November period. These data suggest that groups may have minimized their 

DTD (and perhaps energy expenditure) when food was most abundant because their 

dietary requirements were more easily met. 

In the Hondo Hondo group’s home range, young growth abundances were less 

synchronized, did not have a pronounced peak, and were lower than abundances in other 

home ranges. The Hondo Hondo group’s DTD did not differ temporally in relation to 

known food variables and was long relative to other groups throughout the study period. 

These data suggest that the Hondo Hondo group traveled longer distances each day 

relative to other groups in order to maintain a high percentage of young growth in its diet 

in a home range where young growth was less abundant.  

During this October/November abundance peak, temperatures were also 

significantly higher than during the rest of the study period, and activity budget data 

show a positive correlation between the percentage of time spent resting and temperature. 

Taken together, these data suggest that groups may reduce DTD and spend more time 

resting on warmer days in order to avoid hyperthermia. However, there was not a 

correlation across the entire study period between DTD and temperature, and this finding 

might be explained by a synergistic effect of phenological conditions of food trees and 

temperature. When young growth was abundant, groups may have met their dietary 

requirements in shorter distances. However, when young growth abundance declined 

while temperatures were still relatively high, groups traveled longer distances than in 

October and November but during cooler times of day. 
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Again, the differences in young growth abundances between the Hondo Hondo 

group’s home range and other groups may explain why the Hondo Hondo group’s 

activity budget data and DTD data differed from the Magombera groups. DTD and the 

percentage of time spent resting was not correlated with temperature or phytophase 

abundances, suggesting that this group risked hyperthermia during hot temperatures in 

order to maintain a high percentage of young growth in its diet. Relatively longer DTDs 

may have been necessary to reach young growth food sources in a low-abundance 

habitat. 

Patterns of phytophase abundances correlate with DTD in other primates as well 

(e.g. Pan troglodytes verus, Doran 1997). Presbytis melalophos traveled greater distances 

when feeding on rare, widely dispersed fruits or flowers and had shorter DTDs when 

feeding on mature leaves (Bennett 1986). DTD and fruit phytophase abundance were 

correlated in Nasalis larvatus; the group decreased its DTD when the most abundant 

species in its home range produced high abundances of fruit (Matsuda et al 2009b). In a 

group of Procolobus r. tephrosceles, conversely, DTD was not correlated with the 

abundance of young growth ingested (Struhsaker 1974). However, it is emphasized that 

the proportional composition of the diet is not necessarily the same as the proportional 

composition of the food available within a group’s home range, as is evidenced in this 

study (Ch. 6). 

Ranging behavior correlates with phytophase abundances in other red colobus 

taxa. Procolobus kirkii in coral rag forests had shorter DTDs when young leaves were 

available (Nowak 2007). Marsh (1981b) reported a negative correlation between the 
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availability of young growth and the diversity of quadrats used by a group of Procolobus 

rufomitratus along the Tana River. (Though quadrat use diversity is not equivalent to 

DTD, quadrat use diversity and DTD were closely correlated in Marsh’s (1981b) study, 

suggesting a similar relationship between DTD and availability of young growth, as 

noted by Struhsaker (2010).) Marsh (1981b) also observed that as young growth declined 

in abundance, the group increased its DTD, possibly to consume the remaining available 

young growth. Similarly, Group 1 and Group 2 increased their DTDs when young growth 

was still being consumed but declining in availability (Figs. 42-43). 

An inverse correlation between similar, though not directly comparable, 

measurements of young growth abundances and DTD was reported in other red colobus 

taxa. A group of Procolobus r. tephrosceles at Gombe had larger day ranges during 

months when young growth was most available and most consumed (Clutton-Brock 

1975). Similarly, as the percentage of young growth in the diet increased, a group of 

Procolobus r. tephrosceles in Kibale increased its DTD; however, no relationship was 

found between DTD and abundance of buds and young leaves (Isbell 1983). One possible 

explanation for this seeming discrepancy is that Isbell’s (1983) measure of young growth 

excludes abundances of flowers and unripe fruit. Secondly, Isbell (1983) reported a 

covariance of young growth in the diet with rapid quavers, a vocalization indicative of 

intragroup aggression (Struhsaker 1975); Isbell (1983) argued that the correlation 

between DTD and young growth in the diet may be spurious. 

This variability in how groups and taxa respond to young growth abundance may 

be related to ecological differences in food tree species assemblages, phytophase 
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abundances, and habitat characteristics (tree density, diversity, etc.) among sites. As 

stressed by Struhsaker (2010), there are not direct relationships among the spatial and 

temporal distribution of nutrients, utilizable calories, and secondary compounds, which 

challenges attempts at determining correlates among ecological variables and DTD for 

red colobus. In addition to food variables, social factors such as intragroup aggression 

and competition for mates reportedly correlate with DTD (Isbell 1983, Struhsaker 2010) 

 

Dietary diversity 

 

Dietary diversity was not correlated with DTD when data from all groups were 

lumped. An analysis comparing DTD to species-level dietary diversity and species-

specific-parts dietary diversity found a strong correlation between species-level dietary 

diversity and DTD for the Campsite 3 group only. The sample size for this regression 

analysis of Campsite 3’s data was small (n = 7), which may have influenced this finding. 

Similarly, Struhsaker (1974) and Clutton-Brock (1975) found no correlation between 

quadrat use diversity or DTD with dietary diversity. However, there was a positive 

relationship between DTD and dietary diversity in Zanzibar red colobus (Nowak 2007), 

and a correlation of DTD with dietary diversity and food species richness in the diet in 

red colobus in Kibale (Isbell 1983). 

There is a relationship among food availability, dietary diversity, and DTD in 

some primates (Siex 2003, Bennett 1986, Matsuda et al 2009a,b, and Raemaekers 1980). 

In a compressed population of Zanzibar red colobus living on agricultural land, some 
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groups increased DTD and dietary diversity when food availability was low while others 

shifted home range areas or reduced DTD while increasing fruit consumption (Siex 

2003). Even taking into account the possible influence and interaction of food availability 

and dietary diversity on DTD, there was no relationship between dietary diversity and 

food availability with DTD in this study (multiple regression, species-level: F = 0.669, p 

= 0.516, R2 = 0.0190, R2 adj. = -0.009; species-specific level: F = 1.148, p = 0.323, R2 = 

0.0322, R2 adj = 0.0041).  

While dietary diversity correlated with DTD in some red colobus studies, 

differences among habitats and climate may explain why similar findings were not found 

in URC. Alternatively, dietary diversity may be too simplistic of a measure to capture the 

interactive effect of nutrient balancing, phenological conditions of food trees, weather, 

and characteristics of food species within the home range on red colobus DTD (Freeland 

and Janzen 1974, Westoby 1974, Chapman and Chapman 2002, Struhsaker 2010). 

Furthermore, additional factors may relate to DTD that were not measured in this study. 

  

Intergroup encounters 

 

Social interactions have been shown to influence DTD, specifically intergroup 

encounters, intergroup aggression, intragroup aggression, and mate competition (Isbell 

1983, Struhsaker 1975, Struhsaker 2010). Though causal relationships are difficult to 

determine, Struhsaker (2010) described one case where, within a 2.5 hour period, the CW 

group in Kibale traveled 790 m (more than the maximum recorded DTD for this group at 
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that size) during an intergroup encounter with a neighboring group. The intergroup 

encounter included fighting and aggression apparently in response to a CW group adult 

female in estrus, since at least one male of the other group copulated with her. Struhsaker 

(2010) noted other instances where similar intergroup encounters seemed to increase 

DTD. 

Intergroup encounters correlate with DTD in some red colobus groups but not 

others. An intergroup encounter was defined in all of these studies as a neighboring group 

being located within 50 m of the focal group. Isbell (1983) and Struhsaker (2010) argue 

that group size and/or number of adult males in the focal group vs. the neighbor group 

may be related to the frequency of and response to intergroup encounters. For instance, 

there was a significant correlation of intergroup encounters with DTD in a small group 

(20 individuals, CW, Struhsaker 1975) but not a large group (65, Blaze, Isbell 1983) of 

red colobus in Kibale. However, there was no correlation between intergroup encounters 

and DTD in groups of 24 or 48 in Kibale (Gillespie and Chapman 2001), in P. kirkii 

groups ranging in size from 20-65 (Siex 2003) and 7-31 (Nowak 2007), or in URC Group 

2 which ranged in size from 39-42. This URC group was larger than the CW group but 

had the same number of adult males (3-4), indicating that neither group size nor the 

number of males in the group necessarily correlates with DTD. 

Aggressive encounters may correlate better with DTD than a basic proximity 

measurement like an intergroup encounter. In the CW group in Kibale, intergroup 

aggression correlated with quadrat utilization diversity (which varies from DTD but is 

indicative of ranging patterns and, to some extent, distance (Struhsaker 1975)). In the 
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Blaze group in Kibale, there was a correlation between DTD and the rapid quaver 

vocalizations associated with intragroup aggression (Isbell 1983). Conversely, there was 

no correlation between intergroup aggression and DTD in the Zanzibar red colobus (Siex 

2003). The hypothesis that aggression is related to DTD cannot be tested in URC groups 

since aggression data were not systematically collected, but results from other red 

colobus studies indicate that aggressive interactions including aggression associated with 

mate competition can be a significant correlate of DTD.  

 

The ecological-constraints model 

 

Proponents of the ecological-constraints model hypothesize that group size is 

limited by the distance that a group can travel each day and its level of intragroup 

scramble competition, resulting from food availability and distribution within its home 

range (Clutton-Brock and Harvey 1977, Wrangham et al 1993, Chapman and Chapman 

2000, Gillespie and Chapman 2001, Snaith and Chapman 2008). A classic argument for 

this model comes from Milton (1980), who suggested that Brachyteles arachnoides 

function at the limit of their energetic resources. Milton argued that social groups further 

divided into foraging groups to maximize individual food consumption while minimizing 

DTD and lowering feeding competition.  

Tests of this model provide conflicting results. Many studies have explored the 

relationship between group size and DTD. Of these, some report no relationship between 

group size and DTD (several colobine taxa: Struhsaker and Leland 1987, Procolobus 
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taxa: Isbell 1983, Chapman and Chapman 2000, Struhsaker 2010, Cercopithecus 

ascanius: Struhsaker 1988, Alouatta caraya: Agostini et al 2010), while others found that 

smaller groups traveled shorter distances each day than larger groups (Procolobus r. 

tephrosceles: Gillespie and Chapman 2001, Gorilla b. beringei: Ganas and Robbins 

2005).  

The best method for testing the relationship between group size and DTD is to 

relate intragroup variation in group size to DTD (Struhsaker 2010) because this method 

controls for the intrinsic differences in home range characteristics that exist between 

groups. The CW group of red colobus in Kibale, for example, changed size over an 18- 

year period, and the mean DTD when the group had 20 individuals was significantly 

shorter than when the group had only 9 individuals (Struhsaker 2010). These data provide 

strong evidence against the applicability of the ecological-constraints model for 

explaining ranging behavior in red colobus. 

Data from URC offer no additional resolution. Four URC groups varied in size 

throughout the study period. While there was a significant, positive relationship between 

group size and DTD, group size explained only 4% of the variance in DTD (Figs. 36-37), 

and the largest group (Campsite 3 group) with 43 individuals traveled the shortest 

distances (Tab. 23). 

Other studies have reported similar contradictions. Teichroeb and Sicotte (2009) 

followed five groups of Colobus vellerosus; four groups of different sizes traveled the 

same average distance per day (~335 m) while the largest group traveled farther (453 m) 

(Tab. 4 in Teichroeb and Sicotte 2009). Similarly, in a study of Procolobus r. 
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tephrosceles, Snaith and Chapman (2008), along with 15 assistants, followed nine red 

colobus groups of different sizes for two months, and the third largest group traveled 

much farther per day than all other groups while the largest group of 127 traveled 

approximately the same distance per day as a group of ~45 (Fig. 1 in Snaith and 

Chapman 2008 and see Struhsaker’s (2010, pg 229) critique of the study). 

To address these discrepancies, Gillespie and Chapman (2001) argued that there 

would not necessarily be a relationship between any two of the three variables required to 

test this model: food availability, group size, and DTD. Rather, DTD is influenced by 

group size and food availability, and both variables must be taken into consideration. 

Gillespie and Chapman (2001) found that DTD correlated with food availability for a 

large group of red colobus but not a smaller group (Gillespie and Chapman 2001). Two 

other studies (previously discussed) which attempted to control for variation in food 

availability reported that group size and DTD were significantly correlated, though this 

relationship was more evident in some groups than others (Snaith and Chapman 2008, 

Teichroeb and Sicotte 2009).  

URC data were used to test this revised ecological-constraints model where both 

food availability and group size were incorporated into the model. First, within-group 

variation in group size and food availability throughout the study period did not correlate 

with DTD. These results do not support the ecological-constraints model. Second, when 

data from all groups were lumped, group size and food availability significantly 

explained only 7.8% of the variance in DTD. These secondary results do not lend strong 

support to the applicability of the ecological-constraints model to red colobus.  
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Close examination of the Campsite 3 group’s data makes a strong case against 

this model, in fact. The Campsite 3 group had the largest group size, the shortest mean 

DTD, and some of the lowest food availability scores of all of the groups’ home ranges. 

For example, during the November sample, the food availability score for Campsite 3 

group was 57% as great as Hondo Hondo group’s, 38% of Group 1’s, and 15% of Group 

2’s. According to the ecological-constraints model, relatively low food availability should 

increase intragroup feeding competition and DTD should increase.  

A caveat concerning the previous discrepancy is that food availability 

measurements may not have been as accurate for Campsite 3 compared to other groups. 

The breadth of dietary knowledge was comparatively narrow for Campsite 3 group 

resulting from fewer dietary observations. Dietary data were compiled from all groups, 

however, to determine what species-specific parts to include in the food availability 

calculations. Since the tree species similarity between Hondo Hondo group’s and 

Campsite 3 group’s home ranges is relatively high (SS = 0.508, Ch. 3), a reasonable 

assumption is that the Hondo Hondo group’s dietary observations would improve our 

understanding of possible food sources for Campsite 3 group. 

The unclear results from assessments of this model indicate that DTD may be 

correlate with many variables, some ecological and some social, as discussed in other 

sections. Furthermore, as Ganas and Robbins (2005) observe, none of these ecological-

constraints models consider the effects that interspecific and/or intergroup feeding 

competition might have on food availability and competition.  
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Conclusion 

 

Summary 

Udzungwa red colobus monkey DTDs are relatively long (mean = 970.1 ± 318.1 

m SD) compared with other red colobus taxa. The use of a new method for measuring 

DTD in arboreal primate groups contributes to this intertaxon difference but seems 

unlikely to be the only cause.  

In URC groups, DTD correlated with several ecological variables, and individual 

groups responded differently to these variables. The most striking finding is that DTD for 

two groups decreased when the abundance of young growth in their home ranges peaked. 

In a home range where young growth was less abundant, the Hondo Hondo group 

traveled farther distances each day, relative to other groups, while maintaining (or 

perhaps in order to maintain) a diet composed almost entirely of young growth. 

Temperatures during this period of abundance were significantly higher. Shorter DTDs 

during this warmer period suggest that URC may expend less energy in order to avoid 

hyperthermia. This relationship between temperature and DTD was not significant for the 

Hondo Hondo group. 

Other variables that significantly correlated with DTD include minimum relative 

humidity and species-level dietary diversity in one group, but these were most likely 

spurious correlations. Group size accounted for only 4% of the variance in DTD. When 

data for all groups were lumped, no relationship was found between DTD and food 
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availability, dietary diversity, or temperature. In addition, there was no relationship 

between intergroup encounters and DTD in Group 2.  

The small sample size of only four groups prevented statistic analysis, but general 

comparisons between food tree species variables within the home range and a group’s 

mean DTD suggest that food tree density correlates positively with DTD. Future research 

is necessary to test this relationship. 

Data from this study do not support the ecological-constraints model. Group size 

explained only 4% of the variance in DTD, and a model testing the relationship between 

group size and food availability with DTD explained only 8% of the variance in DTD. In 

particular, data from the Campsite 3 group contradict the predictions of the model; 

Campsite 3 had the largest group size but the shortest mean DTD. 

The relationship between aggressive interactions and DTD was not examined in 

this study. Results from other studies suggest that these aggressive encounters may 

strongly correlate with DTD. Future research on social interactions and specific dietary 

components will add to our understanding ecological and social correlates with DTD.  

 

URC energetic strategies 

 

For URC, the strongest ecological correlate with DTD was young growth 

abundance. DTD, activity budget (Ch. 5), dietary (Ch. 6), and phenology data imply that 

the URC are energy minimizers during the warmer wet season. Rather than traveling 

farther and spending more time feeding when highly selected young growth phytophase 
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abundances were highest, URC traveled shorter distances and spent less time feeding 

(Ch. 5), suggesting that the URC met their nutrient and caloric requirements but did not 

travel further to exceed those requirements. While traveling during warmer times of day 

may have been a risk in terms of hyperthermia, high temperatures did not necessarily 

restrict DTD and cannot completely explain why red colobus did not travel further to 

maximize energy intake when abundances were higher. The red colobus demonstrated 

behavioral flexibility after phytophases peaked in abundance. When phytophases 

abundances were declining but temperatures were still high, groups in Magombera 

increased their DTDs but moved primarily in the morning and later afternoon when 

temperatures were lower. This variability suggests that red colobus could have expended 

more energy by traveling farther at cooler times of day to increase energy intake but did 

not.  

It is possible that URC energetic strategies differ in relation to food tree 

phenological conditions and temperature, and activity budget data provide some insight 

into this hypothesis. For instance, when temperatures and, therefore, hyperthermia risk, 

were lower during the dry season, URC spent more time feeding (Ch. 5). In addition, 

unripe seeds, a hypothetically higher energy plant part, comprised a large percentage of 

the diet during the cooler dry season whereas during the warmer wet season young leaves 

composed the majority. When hyperthermia is not a high risk due to lower temperatures, 

groups may expend and intake more energy; when hyperthermia is a higher risk and 

energetic returns are potentially lower, groups may expend and intake less energy. 
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The Hondo Hondo group’s behavior and energetic strategy differed substantially 

from Magombera groups’, and characteristics about the Hondo Hondo group’s home 

range may explain some of these differences. Young growth phytophases did not peak 

and were lower overall in Hondo Hondo group’s home range than in other groups’ home 

ranges. Yet, the Hondo Hondo group maintained a high abundance of young growth 

phytophases in its diet in every sample period. The Hondo Hondo group’s DTD did not 

decrease in relation to higher temperatures. The lower abundances of young growth 

phytophases may have necessitated longer DTDs in order to meet minimum dietary 

requirements. Meeting nutrient and caloric requirements may have outweighed the risk of 

hyperthermia for this group. 

 

In conclusion, these data imply that URC ranging behavior is shaped by an 

interaction of many variables. While some food variables measured in this study 

correlated with DTD, it is surprising that food availability and dietary diversity did not. It 

is possible that the methods used to quantify these variables were too simplistic to test 

these more complex relationships. 

Results from other red colobus studies suggest that food quality and nutrient 

balancing correlate with DTD better than food availability. Critical data needed to better 

understand the relationship between diet and DTD in red colobus include nutritional 

measurements of selected and avoided plant parts, particularly compositional information 

on protein to fiber ratio, mineral and vitamin content and abundances, and the 

abundances and digestive effects of plant secondary compounds. Nutrient information 
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combined with data on food availability, phytophase abundance patterns, and ecological 

parameters within a group’s home range should provide a clearer explanation for both 

DTD and dietary composition.  
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5. Activity Budget 

 

Introduction 

 

In this chapter, the relationship between ecological variables and activity budgets 

is examined across four focal groups of Udzungwa red colobus monkeys (URC, 

Procolobus gordonorum). An activity budget is the percentage of time that a group or 

animal allocates each day to different behaviors. Determining how intraspecific variation 

in activity budgets within a population correlates with ecological factors such as weather 

and food availability allows primatologists to make predictions about how species will 

respond to both natural and human-induced ecological change. From activity budget data, 

hypotheses can be tested that relate red colobus energetic strategies to variation in food 

availability, seasonality, and weather. Moreover, knowledge about these ecological 

relationships can be incorporated into conservation strategies for this endangered species 

(IUCN: Struhsaker et al 2008). 

Possible correlates of activity budget variation in colobines include:  

• age-sex composition of the group (Marsh 1981c, Starin 1991, Zhou et al 

2007, Struhsaker 2010, Workman 2010), 

• weather variables such as temperature or rainfall (Marsh 1981c, Dasilva 

1992, Li and Rogers 2004), 
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• season (Clutton-Brock 1974, Dasilva 1992, Huang et al 2003, Zhou et al 

2007), 

• food variables (e.g. food tree species density, phenology, and dietary 

diversity) (Dasilva 1992), 

• time of day (Clutton-Brock 1974, Struhsaker 1975, Marsh 1981c, Nowak 

2007), and 

• levels of intraspecific food competition (Struhsaker 2010). 

 

In this chapter, activity budgets are compared across groups to examine these 

relationships. Specifically: how do extrinsic (i.e. seasonality, weather, habitat 

characteristics, food availability and food characteristics, and time of day) and intrinsic 

(i.e. age-sex composition of the group) variables correlate with variation in URC activity 

budgets? Furthermore, are a group’s natality and/or survivorship ratios related to how it 

allocates its time to specific activities? I tested the following hypotheses and predictions 

about how these ecological and demographic variables might correlate with activity 

budgets. 

 

Demography: 

 H1: A group’s activity budget is related to the age-sex composition of the group. 

 P1: Groups with more adult females will allocate more time to grooming and 

feeding than groups with fewer adult females. 
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 P2: Groups with more infants and juveniles will allocate more time to playing and 

clinging than groups with fewer infants and juveniles. 

 

Weather: 

H1: Weather variables (e.g. temperature and rainfall) will correlate with a group’s 

activity budget.  

P1: As temperatures decrease, groups will allocate more time to feeding and less 

time to resting due to thermoregulatory requirements. 

P2: Groups will allocate more time to feeding on rainy days than nonrainy days 

due to increased thermoregulatory requirements. 

 

Food seasonality and availability: 

 H1: Activity budgets will correlate with food availability and seasonality within a 

group’s home range. 

 P1: As food availability increases, groups will allocate less time to moving and 

more time to feeding.  

 

Intraspecific food competition: 

 H1: The percentage of time spent feeding will correlate with URC density. 

 P1: In Magombera Forest, with a higher density of URC, groups will allocate 

more time to feeding in relation to intraspecific food competiton. 
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Methods 

 

Study area 

 

This study was conducted in the Udzungwa Mountains (centered near 8° 20’S, 

35° 50’E (Struhsaker et al 2004)) and nearby Kilombero Valley of south-central Tanzania 

(Fig. 1, Ch. 2). Four URC groups were studied in two forests: Mwanihana Forest in the 

Udzungwa Mountains and Magombera Forest in the adjacent Kilombero Valley.  

Research in Mwanihana Forest was conducted between coordinates 7°49.6’- 

7°51.0’S, 36°52.9’ - 36°53.4’E and at a median elevation of 345 m. Mwanihana Forest 

has an area of 150.6 km2 with 69.3 km2 of closed canopy forest (Marshall et al 2010) and 

is located within the Udzungwa Mountains National Park (UMNP, 1990 km2) (Rovero et 

al 2006).  The study area in Magombera Forest was located between 7°48.7’ - 7°49.0’S, 

36°57.1’ - 36°57.6E at a median elevation of 282 m. Magombera Forest has an area of 

11.89 km2 but with only 6.85 km2 of closed canopy forest (Marshall et al 2010). 

Magombera Forest is an unprotected forest island located between the Selous Game 

Reserve and the UMNP and is surrounded by the villages of Katurukila, Magombera, 

Kanyenja, and Msolwa Stesheni. Mwanihana and Magombera Forests are separated by 7 

km of agricultural land, but a corridor existed between them as recently as 1979 (Rodgers 

et al 1979, as cited by Marshall 2008b, Struhsaker 2010). The Mwanihana study area is 

within a semideciduous, lowland forest, while the Magombera study area is located in a 
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semideciduous, ground-water, lowland forest. Based on fifteen years of meteorological 

data collected at Kilombero Sugar Company’s Msolwa Mill (7° 43' 30.40" S, 36° 59' 

27.48" E), the rainy season lasts from November to May with two peaks in December and 

March (data provided by Don Carter-Brown, Managing Director of Kilombero Sugar 

Company).  

Each study group’s home range shared at least one border with the forest edge and 

was located within disturbed forests that were exploited for firewood collection and 

logging. While the UMNP has protective status, there was evidence of tree pole 

extraction and animal trapping in Mwanihana. Magombera Forest currently has no 

protective status, and there was evidence of hunting, animal trapping, timber extraction, 

pole extraction, and intentional fires.  

 

Study groups 

 

In the northwest triangle of Magombera Forest, two neighboring URC groups 

were habituated and studied: Group 1 (30-33 individuals) and Group 2 (39-42 

individuals). In Mwanihana Forest, two groups with home ranges 1300 meters apart were 

studied: Campsite 3 (43 individuals) and Hondo Hondo (42-43 individuals) groups (Fig. 

2, Ch. 2). (The Campsite 3 group ranged near UMNP’s campsite 3. The Hondo Hondo 

group ranged near the privately-run Hondo Hondo campsite. These campsites can be 

accessed from the Mikumi-Ifakara road.) Groups differed in size and demography 

throughout the study. The number of adult females (~19) and adult males (3-4) were 
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similar across groups, but Group 1 differed from the other groups in having many fewer 

infants and small and medium-sized juveniles (5-7 vs. 12-14). The aim was to habituate 

groups of approximately equal sizes and to select groups that would take relatively little 

time to habituate. It was difficult to meet both criteria with neighboring groups in 

Mwanihana Forest, so distant groups were selected. During each follow, group identity 

was confirmed based on the location of the group and the presence of known individuals. 

Individuals were differentiated based on pelage, facial coloration, and morphology (stiff 

digits, injury scars, body size, etc.).  

The Campsite 3 group’s data set was small. This group disappeared from its 

original ranging area and was not relocated after 11 days of searching from November 

2009 – March 2010. 

Each focal group was followed from sunrise to sunset (≥ 11.5 hours/day) on 

approximately four near-consecutive days each month. A phenology assessment of the 

group’s home range was conducted in the middle of the study week. Each week-long 

period where a focal group was observed was considered a sample period.  

 

Activity Budget Data 

 

Activity budget data were collected systematically during ten-minute scan 

samples (methodology following Struhsaker 1975). Scan samples were conducted every 

thirty minutes, beginning and ending on the hour or half-hour when individuals were 

clearly visible. Visibility varied seasonally with the number of daylight hours, but groups 
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were typically scanned from 06:30-18:30. During the longest days, observations began as 

early as 6:00 and ended as late as 19:00. Group 1 and Hondo Hondo group tended to be 

visible earlier than Group 2 or Campsite 3 group because Group 1’s home range had the 

largest perimeter of forest edge (i.e. the group had greater exposure to sunlight) and the 

Hondo Hondo group often slept in trees along the forest edge. Observations were made 

using Nikon Monarch 10 x 42 binoculars. 

Activity budget data were collected on a total of 74 complete focal follow days (≥ 

11.5 hours/day), totaling 1,717 scan periods and 15,586 behavior recordings. Data were 

recorded from May 2009 – March 2010, but the study duration varied among study 

groups because some took longer to habituate (Tab. 64 in App. A). Because Campsite 3 

group’s data were limited (n = 7), this group’s data are included only in general 

summaries and not for intergroup comparisons. Other neighboring groups were 

occasionally followed for complete days, but these data were not used.  

Some focal follow days were incomplete because I lost contact with the group or 

there was interference from aggressive forest elephants. These incomplete days (n = 3) 

were not used for calculating activity budget but were used in temporal activity budget 

calculations. These incomplete days may be a source of bias in the temporal analysis. If 

only a single scan period was missed (e.g. due to lack of visibility or for a group count), 

the day was still considered complete.  

During a scan sample, activity data were recorded for as many individuals as 

possible over a ten-minute interval. If the group was moving, I began scanning the 

individuals at the front of the group which was determined by direction of movement.  If 
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the group was stationary, I scanned from left to right. An individual was scored no more 

than once per scan period. To be scored, an individual must sustain an activity for at least 

five seconds (Struhsaker 1975). The number of behavior recordings per day varied 

among groups as a result of visibility. Magombera groups were more visible than 

Mwanihana groups. An average of 156.5 behavior scores were recorded per day for the 

Hondo Hondo group, 162.2 for Campsite 3 group, 244.3 for Group 2, and 228.5 for 

Group 1. This variation in visibility is another potential source of bias. 

Results from this “sustained activity” scan sample methodology vary from results 

from “instantaneous” scan sampling methodology (see Marsh 1981c for details). The 

most significant difference is that activities that are typically sustained for less than five 

continuous seconds are underscored using the sustained activity method when compared 

with the instantaneous method. However, as argued by Struhsaker (1975), the sustained 

activities methodology may provide a behavior summary that is more ecologically 

relevant by distinguishing between a long sleeping period and a brief pause during 

feeding. The instantaneous method would score both of these events as resting while the 

method used here would distinguish between them. These differences in methodology 

should be considered when comparing results from different studies (e.g. Clutton-Brock 

1974 vs. Struhsaker 1975). 

Activities were categorized as climb, sit or lie, feed, social groom, self-groom, 

play/explore, suckle, cling, or other. Activities scored as ‘other’ were described.  

Definitions of activities are as follows. Climbing occurred when a monkey moved 

in a progression along a branch, trunk, or the ground. The term climb is used instead of 
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move to differentiate between, for example, moving the leg while resting (which would 

be scored as sit or lie) and actually relocating the body.  

Sitting or lying was defined as sitting on a branch (awake or asleep), lying on a 

branch (awake or asleep), sitting or lying while moving the head to scan the 

surroundings, clinging to a vertical tree trunk without moving, huddling against another 

monkey (typically performed by a juvenile against its mother but sometimes performed 

by older monkeys), or an infant or small juvenile lying across its mother’s lap.  

Feeding included handling food objects during feeding bouts as well as ingestion. 

The feeding category was originally separated into handling food and ingestion but was 

combined for comparative purposes with other studies. Food species and part consumed 

were recorded when possible. Detailed food categories are listed in Tab. 42, Ch. 6 

(descriptions in Ch. 6). 

Social groom was scored for a groomer or groomee; the groomer used its digits, 

teeth, or lips to search through the fur of the groomee. Self-groom occurred when an 

individual scratched itself or searched through its own fur. 

Play/explore is solitary or social. Social play occurred between two monkeys or 

among large groups and was often rough-and-tumble play. Examples of solitary play are 

bouncing on branches, jumping in vines, and brandishing branches. Only infants 

“explored” and did so by touching branches without ingesting parts, hopping, briefly 

climbing on branches away from its mother, climbing around on its mother’s body, and 

wiggling in its mother’s lap.  
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Clinging occurred when an infant or small juvenile (or very rarely a medium 

juvenile) clung ventrally to its mother while she sat or climbed. Suckling was scored 

when a dependent visibly suckled from its mother, usually while clinging. Suckling was 

probably underscored because the clinger’s face was not always visible.  

Behaviors that did not fit these descriptions were scored as other. This category 

consisted primarily of social postures (i.e. presents), aggressive behaviors, and sexual 

behaviors. Detailed notes were made for each score allocated to this category. 

The raw score and percentage of time spent in each category was calculated for 

each ten-minute scan period. The raw scores throughout the day were summed for each 

category and used to calculate the “overall percentage of time spent per activity” each 

day. An alternative statistic, the “average percentage of time spent per activity” averaged 

the percentages from each ten-minute scan sample period throughout the day for each 

category. 

The two percentage statistics differed somewhat but not in a predictable pattern. 

However, the “overall percentage of time” statistic is biased towards the sit or lie 

category, making the “average percentage of time” statistic preferable. During scan 

periods where monkeys were resting, around 20 monkeys could be scored per ten-minute 

scan; however, during scan periods where monkeys were primarily feeding, scoring the 

behavior and recording the food species and part eaten took longer. As a result, the 

number of monkeys scored during a feeding bout was fewer than during a resting period. 

This “average percentage of time” statistic also reduces bias introduced by visibility 

differences among sample periods. Overall, I recommend using the “average percentage 
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of time per activity” statistic to reduce the cumulative bias of the visibility and activity 

type. 

 

Methods for determining home range areas 

 

Habitat assessments were conducted within each group’s home range. Home 

ranges were determined using the following methods. When a focal group was observed 

(from near sunrise until sunset,  ≥ 11.5 hours/day), each new tree entered by any member 

of the focal group was assigned a numbered aluminum tree tag, given a corresponding 

GPS waypoint number, measured in diameter at a height of 1.3 meters, and 

taxonomically identified. The GPS waypoints were taken at the trunk of each tree. 

Garmin GPSMAP 60Cx GPS units were used for all GPS data collection and were 

accurate to within a few meters. Communication between the GPS unit and nearest 

satellites was never lost. Using Mapsource software (Garmin 2010), a final map was 

created for each group showing all trees entered by the group, representing the home 

range area of each group. 

 

Vegetation transects 

 

Vegetation surveys were conducted within each group’s home range using the 

transect method. These surveys were conducted at the completion of the behavioral study, 

when the boundaries of each group’s home range were known. Thirty transect locations 
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were randomly selected from approximately 200 randomized latitude/longitude locations 

within each home range. Each transect was 50 meters in length along a randomly chosen 

cardinal direction. No transect areas overlapped. Trees with trunk centers within 2.5 m of 

either side of the transect line and at least 20 cm DBH (diameter at breast height = 1.3 

meters) were measured and taxonomically identified. A length of 1500 m and area of 

0.75 ha was sampled within the home range of each URC group, totaling between 5.9 – 

8.5% of each group’s home range area (Ch. 3). Data were recorded on dead trees but 

were not used for any calculations of habitat variables. 

From these transect data, the following variables were calculated: tree density/ha, 

average DBH of trees ≥ 20 cm DBH, average basal area of trees ≥ 20 cm DBH, basal 

area/ha of trees ≥ 20 cm DBH, tree species richness/ha, tree species diversity (H`), and 

tree species evenness (J) (Tab. 4, Ch. 3). (See Ch. 3 for methods and equations used to 

calculate these variables.) 

These same values were also calculated to describe characteristics of URC food 

sources, referred to throughout as “food tree species.” Food tree species produce at least 

one species-specific part/phytophase ingested by URC. A species-specific plant part was 

considered a food item when it comprised at least 2% of the diet during at least one 

monthly sample (from May 2009 – March 2010). This 2% criterion was implemented to 

exclude species-specific parts that were ingested only once (i.e. sampled) and to 

accommodate monthly samples with relatively fewer feeding observations. Using this 

criterion, an average of 87.4% of the species-specific parts consumed during each sample 

period was included in this analysis of diet. 
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Phenology assessments 

 

A phenological assessment of a group’s home range accompanied each four-day 

focal-follow. Tree species selected for phenology assessments were determined after 

approximately two months of habituation and/or focal follows per URC group during 

which each group entered between 660-960 total trees. A random sample of ten adult 

trees (for groups in Magombera Forest) or seven adult trees (for groups in Mwanihana 

Forest) from each of the ten most commonly entered trees by each group was monitored 

for the duration of the study. As it was impossible to predict which species would 

ultimately serve as URC food sources, phenology tree species monitored in this study 

were not necessarily food sources.  

Following Struhsaker (1975), seven phytophases were monitored: leaf buds, 

young leaves, mature leaves, flower buds, flowers, unripe fruit, and ripe fruit. The 

phytophase abundances were scored on a scale from 0 to 4. An abundance score of 0 

indicates that a tree exhibited 0% of its potential abundance of that phytophase during the 

assessment; 1 indicates 1-25%; 2 indicates 26-50%, 3 indicates 51-75%, and 4 indicates 

76-100%. Scores were assigned regardless of a tree’s canopy size and were based on the 

production potential of the tree according to its crown size. As all trees were adults, 

crown size was similar within species. Abundance scores were averaged by species and 

phytophases.  
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Weather data 

 

Mean maximum temperature during the study was 32.4°C and mean minimum 

temperature was 20.7°C. Weather data were collected at the Kilombero Sugar Company’s 

Msolwa Mill (data provided by Don Carter-Brown, Managing Director of Kilombero 

Sugar Company). This station is located at 7° 43' 30.40" S, 36° 59' 27.48" E, which is 

10.8 km NE from Group 1’s home range in Magombera Forest and 16.3 km NE from 

Hondo Hondo group’s home range in Mwanihana Forest. The following weather 

variables were collected daily: maximum temperature (°C), minimum temperature (°C), 

rainfall (mm), relative maximum humidity (%), and relative minimum humidity (%). The 

mean humidity was calculated but was so strongly correlated with minimum humidity 

(Spearman ρ = 0.7103, p < 0.001) that this variable was not used in the multiple 

regression analysis. Data from Mar. 4, 2010’s follow of Group 2 were not included in this 

specific analysis because no corresponding weather data were available. 

 

Determining Weather Seasonality 

 

Seasonality (wet season vs. dry season) was determined based on Walter’s 

methodology (1985) by creating climate diagrams (Figs. 32-33, Ch. 4) using 

KaleidaGraph software (Synergy Software 2003). See Ch. 4 for details. Meteorological 

data were collected at Kilombero Sugar Company’s Msolwa Mill (described above). 
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Dietary diversity calculations 

 

Using the equation for the Shannon-Wiener Diversity Index (H`) (Ch. 3), two 

measures of dietary diversity were calculated using either species or species-specific 

parts as the increment of measurement. Feeding scores were summed daily by each 

species and species-specific part. Non-plant material, such as insects and soil, were 

included in this analysis. Daily measures of species-level dietary diversity and species-

specific part dietary diversity were compared with activity budget.  

 

Food availability calculations 

 

A quantity index (Q coefficient) was used to provide a rough estimate of temporal 

food availability. Data required for calculating Q include dietary observations to 

determine species-specific food items, phenology records of food tree species, and total 

basal areas of food tree species. Following Siex (2003), the quantity index for a group’s 

home range is based on the food-producing potential of the trees in that group’s home 

range weighted by food availability. Q is calculated as: 

            n 
            Q = ∑Qi, 
          i = 1 

 

“where Qi is the quantity of each species in the plot. Each species’ Qi [is] calculated as the basal 

area of the species in the home range weighted by the sum of the mean monthly phenology scores 

for all phytophases of species Qi. Only phytophases that are red colobus food items [are] included 
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in the weight. For example, the monthly Qi for speciesi from which red colobus consume only 

young leaves and flowers is: Qi = basal areai x (mean monthly phenology score for young leavesi + 

mean monthly phenology score for flowersi)” (Siex 2003, pg. 101). 

 

Methods for choosing and monitoring phenology trees have already been 

described, as well as methods for determining which species-specific parts to include in 

the dietary repertoire.  

Total basal area for each food tree species was calculated from transect data. Each 

species’ total basal area/ha was extrapolated to cover the group’s entire home range. For 

example, the transect area covered 0.75 ha (8.5% of Group 1’s range), and the home 

range size of Group 1 using the behavior-corrected polygon method was 8.8 ha; 

Erythrophleum suaveolens, a primary food source, has a basal area of 6.1551 m2/ha, for a 

total basal area of 54.288 m2 (6.1551 x 8.8) in the entire home range. 

To determine if activity budget is correlated with food availability, time allocated 

to specific categories was regressed against Q coefficients. The Campsite 3 group’s data 

were not included in this analysis due to small sample sizes. 

 

Temporal patterns of activity 

 

The temporal patterns of activity were summarized for each group. For each scan 

sample time period (every half an hour from as early as 6:00 to as late as 18:30), the raw 

scores for each activity were summed and converted into a percentage of the total scores 
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for that time period. To summarize results across groups, the percentages per activity 

from Group 1, Group 2, and Hondo Hondo group were averaged per time period. The 

sample sizes of the earliest and latest scan periods were smaller due to seasonal changes 

in visibility. 

 

Statistical analyses 

 

Activity budgets were compared among groups and between seasons using 

descriptive statistics, Kruskal-Wallis tests, and Mann-Whitney U tests. Statistical tests 

were conducted using Statistica software (version 6, StatSoft, Inc. 2001) with an alpha 

level of 0.05. Weather variables, habitat variables, and quantity index scores (Q) were 

related to activity budget data using JMP (version 9.0.0, SAS Institute, Inc. 2010) where 

least squares multiple regression analyses (emphasis: leverage effect) were conducted. 

The Shapiro-Wilk Goodness-of-Fit test was conducted using JMP (SAS Institute, Inc. 

2010); this test was used to determine if activity budget data fit a normal distribution with 

the null hypothesis that the data are normally distributed. Habitat statistics were 

correlated with activity budget data using Spearman’s rho correlation tests (JMP 

software, SAS Institute, Inc. 2010). Figures were created using KaleidaGraph  (Synergy 

Software 2003) and PAST (Hammer et al 2001) software.  
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Results 

Activity budget summary 

 

URC allocate the majority of their time to three activities: sitting or lying 

(51.4%), feeding (22.2%), and climbing (11.9%) (Tab. 30). The remaining 14.5% of the 

time was spent socially grooming, self-grooming, clinging, play/exploring, suckling, or in 

other (primarily social) activities. 

 

Table 30. Activity budgets of the four URC focal groups throughout the study period. 

feed
sit or 

lie climb
social 
groom

self-
groom cling

play/ 
explore suckle other

GROUP 1
n 1600 3199 688 229 49 127 185 34 59

*overall % per activity 25.9 51.8 11.2 3.7 0.8 2.1 3.0 0.6 1.0
**average % per activity 28.8 48.8 12.6 3.1 0.8 2.0 2.7 0.5 0.9

GROUP 2
n 1067 2999 581 137 41 248 428 49 70

overall % per activity 19.0 53.4 10.3 2.4 0.7 4.4 7.6 0.9 1.2
average % per activity 21.3 50.6 11.8 2.1 0.7 4.4 7.1 0.8 1.1

HONDO HONDO
n 579 1382 430 83 25 112 162 27 17

overall % per activity 20.6 49.1 15.3 2.9 0.9 4.0 5.8 1.0 0.6
average % per activity 21.5 47.2 17.8 2.7 0.8 3.3 5.2 0.9 0.6

CAMPSITE 3
n 221 427 163 27 3 44 74 10 10

overall % per activity 22.3 43.8 16.8 2.6 0.3 4.5 7.5 1.1 1.0
average % per activity 22.1 45.8 16.5 2.5 0.3 3.9 7.3 0.9 0.7

TOTAL: all groups
n 3467 8007 1862 476 118 531 849 120 156

overall % per activity 22.2 51.4 11.9 3.1 0.8 3.4 5.4 0.8 1.0

Activity categories

*overall % per activity: the raw score for each activity is divided by the sum of all of a specific group's 
activity scores and multiplied by 100 to calculate a percentage of time spent per activity for each focal 
group.

**average % per activity: for each ten-minute scan period, the percentage of time allocated to each 
activity was calculated. Then, an "average percentage of time spent per activity" was calculated by 
averaging these individual scan percentages per activity from the entire study for each group.  See text 
for more details.  
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Intergroup comparison of activity budgets  

 

The percentage of time allocated to the main activity categories (feed, sit or lie, 

climb, social groom, and play) differed among URC groups throughout the study period 

(Tab. 30). Groups spent an average of 45.8 - 50.6% of their time sitting or lying, 21.3 - 

28.8% of their time feeding, 11.8 - 17.8% of their time climbing, 2. 7- 7.3% of their time 

playing/exploring, and 2.1-3.1% of their time socially grooming. In the following 

comparisons, the Campsite 3 group was not included due to its small sample size. 

The percentage of time spent sitting or lying (or “resting”) and grooming did not 

differ significantly throughout the study period among groups (rest: Kruskal-Wallis test, 

n = 68, H = 1.585, p = 0.4528; groom: n =68, H = 4.025, p = 0.1337). However, the 

percentages of time spent feeding, climbing, and playing differed significantly among 

groups (Kruskal-Wallis test, feed: n = 68, H = 15.170, p = 0.0005; move: n = 68, H = 

16.973, p = 0.0002; play: n = 68, H = 16.115, p = 0.0003).  

 

Age-sex composition and its effect on activity budg ets 

 

Dependents 

Some of these among-group differences in activity budget were related to 

variation in age-sex composition among groups. Dependents (small infant through 

medium juvenile size classes) made up similar proportions of both Group 2 and the 

Hondo Hondo group (0.33 and 0.34 respectively). However, dependents represented only 
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16% of Group 1. This two-fold difference in composition may explain the approximately 

two-fold difference in the percentage of time the groups spent engaged in dependent-

dominated behaviors such as clinging, suckling, and play/exploring (Tab. 30).  

As shown above, play behavior differed significantly among groups. Clinging 

behavior also differed significantly among groups (Kruskal-Wallis test: n = 68, H = 

18.0769, p = 0.0001). Group 1 allocated an average of 1.99% of its time to clinging while 

Group 2 and Hondo Hondo group allocated 4.43% and 3.28%, respectively, of their time 

to clinging. Group 2 and Hondo Hondo group spent nearly twice the percentage of time 

suckling compared to Group 1 (Group 1: 0.48%; Group 2 = 0.83%; Hondo Hondo group 

= 0.89%), but this difference was not significant (n = 68, H = 1.568, p = 0.457).  

 

Adults 

Marsh (1981c) proposed a method for controlling for differences in age-sex 

composition between groups. He suggested that relationships between ecological 

variables and activity budget could be obscured by the effects of age-sex differences 

among groups and instead compared activity budgets of adults only. In the URC among-

group activity budget variation generally decreased when only adult activity budgets 

were compared (Tab. 31, Figs. 49 - 51). (The ranges shown in Tab. 31 are ranges among 

the three group’s averages, not the range of data from the individual focal follow days.) 

For example, the average percentage of time allocated to feeding varied by 6.9% among 

the study groups when all age classes were considered, but when comparing only adults, 

the range of variation decreased to 4.6%. One activity category, sitting or lying, increased 
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in its average range of variation. Adults spent an average of 55.67 - 61.53% (range: 

5.86%) of their time sitting or lying whereas all age classes combined spent an average of 

49.06% - 53.36% (range: 4.30%) of their time sitting of lying, partly because infants and 

juveniles are more active. 

 

 

 

Figure 49. Activity budget of Group 1’s adults throughout the study. Overall percentage of time 
spent per activity is shown. 
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Figure 50. Activity  budget of Group 2’s adults throughout the study. Overall percentage of time 
spent per activity is shown. 
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Figure 51. Activity  budget of the Hondo Hondo group’s adults throughout the study. Overall 
percentage of time spent per activity is shown. 

 

Table 31. Comparing the adult activity budget to the complete group’s activity budget. Each 
percentage represents a range of variation in the overall percentage of time allocated to an activity 
category. The percentage range is a range of averages only, not a range in the total data set of 
individual focal follow days. 

feed sit or lie climb social groom
Entire group 6.94% 4.30% 4.92% 1.27%
Adults only 4.56% 5.86% 4.08% 1.07%

Activity categoriesSorting 
criteria

  

 

No significant differences were found when comparing the adult’s four primary 

activity categories (climbing, grooming, resting, and feeding: the activities engaged in 

most often by adults) across groups (Kruskal Wallis, n = 68, df = 2, climb: X2 = 4.643, p 
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= 0.0981; groom: X2 = 5.008, p = 0.0818; sit or lie: X2 = 3.880, p = 0.1437; feed: X2 = 

3.870, p = 0.1444). There were trends in behavior, however (p-values less than 0.10), 

with groups differing in time allocated to climbing and grooming. Regardless, these small 

differences in percentages may not be biologically significant. However, it is important to 

further explore this finding. Adult activity budgets were then divided by season (wet vs. 

dry) to determine if there were seasonal differences among groups (Tab. 32).  

 

Table 32. A seasonal, inter-group comparison of the main adult activity categories. 

Dry season % range % range % range % range
Group 1 † 33.0 24.6 - 42.5% 49.1 37.8 - 60.6% 12.7 1.6 - 20.6% 3.2 0.0 - 7.1%
Group 2 30.1 19.6 - 42.3% 53.8 40.4 - 65.3% 12.5 8.0 - 21.6% 2.1 0.0 - 7.6%
Hondo Hondo 26.2 18.8 - 34.8% 54.5 35.6 - 65.2% 16.3 10.9 - 31.5% 2.2 0.0 - 4.3%

Wet season
Group 1 *** 19.6 13.9 - 25.2% ** 64.7 46.9 - 71.1% † 10.1 4.8 - 18.4% 4.2 2.3 - 6.1%
Group 2 15.7 9.9 - 18.7% 68.6 58.0 - 76.5% 10.2 4.9 - 19.8% 3.1 0.9 - 4.8%
Hondo Hondo 23.9 18.3 - 32.1% 56.0 41.7 - 66.4% 15.5 7.4 - 28.0% 2.9 0.0 - 6.4%

Adult activity categories

Percentages shown are calculated from the "overall percentage of time" spent per activity. Scores were 
tallied per activity for each day and converted into a percentage of the daily total scores. The daily 
percentages were then averaged per season and are shown here.
† denotes a within-season trend among groups at an alpha-level of 0.10 of less.

Group name 
and Season

** denotes a significant within-season difference among groups at an alpha-level of 0.01 or less.
*** denotes a significant within-season difference among groups at an alpha-level of 0.001 or less.

feed sit or lie climb social groom
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During the dry season, adults did not significantly vary in time allocated to the 

primary activity categories (climb, groom, rest, and feed) across groups (Tab. 32, Kruskal 

Wallis, n = 37, df = 2; climb: X2 = 1.961, p = 0.3752; groom: X2 = 3.287, p = 0.1933; 

rest: X2 = 4.392, p = 0.1112). However, there is a trend that group adults differed in the 

amount of time allocated to feeding during the dry season (X2 = 5.561, p = 0.0620). This 

trend is supported by an inter-group seasonal analysis (shown in the subsequent analyses, 

Tabs. 33-35) which found that, when activity budgets for all age classes were considered, 

time allocated to feeding was the only behavior that significantly varied across groups 

during the dry season (Tab. 33). 

During the wet season, adults varied among groups in time allocated to some 

behavior categories (Tab. 32): resting (Kruskal Wallis, n = 31, df = 2, X2 = 12.337, p = 

0.0021) and feeding (Kruskal Wallis, n = 31, df  = 2, X2 = 15.163, p = 0.0005). There was 

no data range overlap in time allocated to feeding for the Hondo Hondo group and Group 

2 adults whereas Group 1’s data range overlapped with both Hondo Hondo group and 

Group 2. Group adults did not vary in percentage of time allocated to grooming (X2 = 

2.932, p = 0.2309) or climbing (X2 = 4.789, p = 0.0912), but there was a trend that group 

adults differed in time spent climbing. 

 

Comparing adult male and adult female activity budgets 

Adult activity budgets were expected to vary by sex due to the differential 

energetic investment in infants by adult males and females. However, sampling biases in 

this study made results of sex-based analyses difficult to interpret. First, adult males and 
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females are not noticeably dimorphic in size. Without a clear view of the perineum, males 

and females could not be identified with confidence. Therefore, during scan samples, 

individuals were often marked as “adult” rather than adult male or adult female. Second, 

adult males do not carry dependents and rarely interact with dependents, making adult 

females easier to identify. Third, a male is likely to be scored in activities such as feeding 

and grooming where his perineum is visible, skewing the sample away from climbing and 

resting activity categories.  

Overall, these sampling biases most likely obscure real sex-specific behavioral 

differences. For example, males consistently spent less time climbing than females 

(Kruskal Wallis, n = 132, Z = -5.12313, p < 0.001), but this is illogical since a group 

traveled together, with males simply being more challenging to identify while climbing. 

However, it is possible that adult females climbed around within a given tree more than 

adult males. The only behavioral difference that consistently emerged among groups and 

when all data were lumped into a male vs. female analysis is that adult females allocated 

a greater percentage of their time to social grooming activities (both as groomer and 

groomee) than adult males (Kruskal wallis, n = 132, Z = -3.86242, p = 0.0001). 

 

Seasonal comparison of activity budgets 

 

Seasonal differences in activity budget 

When data for all groups were combined, URC activity budgets varied between 

wet and dry seasons (Tab. 33). These differences may be related to temperature, which 
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was significantly higher in the wet season (34.2°C) than the dry season (30.9°C) 

(ANOVA, df = 279, F = 169.126, p < 0.0001). In comparing dry season behavior to wet 

season behavior, groups spent significantly more time feeding (Mann-Whitney U test, n = 

68, Z = 5.744, p < 0.00001), less time resting (n = 68, Z = 4.476, p < 0.00001), less time 

grooming (n = 68, Z = 2.488, p = 0.012), and less time playing (n = 68, Z = 3.0123, p = 

0.002) in the dry season. Percentage of time allocated to climbing did not vary seasonally 

(n = 68, Z = 0.942, p = 0.352). The number of dependents varied between seasons but 

does not explain the difference in play behavior among groups; the Hondo Hondo group 

had one less dependent during the dry season whereas Group 1 had two more dependents 

during the dry season. 

 

Table 33. Seasonal variation in average percentage of time spent per activity across groups. 

Activity 
category Dry season %  Wet season % % Difference Significance 

feed 28.84 18.92 9.92 *** 
sit or lie 45.50 53.19 -7.69 *** 
climb 14.24 13.03 1.21   

social groom 2.21 3.25 -1.04 ** 
self groom 0.75 0.81 -0.07   

cling 3.45 2.81 0.64   
play/explore 3.72 6.27 -2.55 ** 

suckle 0.55 0.89 -0.33   
other 0.95 0.86 0.08   

 
Data from all groups are combined, displaying the average percentage of time spent per activity. 
The % Difference column shows the numeric difference in average percentage of time spent per 
activity between the dry and wet season. The Significance column indicates level of significance 
for each activity category: ** denotes p-value less than 0.01, *** denotes p-value less than 0.001. 
A symbol was not assigned for p-values less than 0.05 because all significant results were are the 
0.01 level or less. 
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Some group’s activity budgets differed between seasons more than others (Tabs. 

34 - 35). While time allocated to feeding differed significantly between seasons (Tab. 

33), these results were driven primarily by Group 1 and Group 2 (Tabs. 34 – 35). Group 1 

and Group 2 allocated significantly less time to feeding in the wet season than in the dry 

season (Group 1 mean = 32.8% vs. 21.9%; Group 2 mean = 26.1% vs. 14.9%) (Group 1: 

Mann-Whitney U test, n = 27, Z = 4.268, p = 0.00002; Group 2: n = 23, Z = 3.783, p = 

0.000155). The average percentage of time spent feeding was also less in the wet season 

than in the dry season for the Hondo Hondo group (19.8% vs. 24.2%), and these seasonal 

differences were weakly significant at a p-level of 0.06 (n = 18, Z = 1.857, p = 0.063). 

 

Table 34. Inter-group comparison of activity budgets during the dry season (May 2009 – October 
2009). 

feed***
sit or 

lie climb
social 
groom

self 
groom cling

play/ 
explore suckle other

Group 1 32.81 44.43 13.52 2.70 1.04 1.70 2.73 0.53 1.01
Group 2 26.12 45.54 13.01 1.58 0.62 5.72 5.75 0.66 1.02
Hondo Hondo 24.24 48.00 18.27 2.20 0.36 3.49 2.37 0.43 0.65
Dry season average 28.84 45.50 14.24 2.21 0.75 3.45 3.72 0.55 0.95

Activity categories

Group name

Daily "average percentage of time" spent per activity is averaged for each group from dry season daily 
follows.

*** denotes a significant difference among groups at an alpha-level of 0.001 or less.

Dry season average shows the average percentage of time spent per activity, calculated by lumping 
daily data from all groups.
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Table 35. Inter-group comparison of activity budgets during the wet season (November 2009 - 
March 2010). 

feed**
sit or 
lie** climb**

social 
groom

self 
groom cling

play/ 
explore*** suckle other

Group 1 21.90 56.33 11.00 3.86 0.58 2.49 2.76 0.39 0.70
Group 2 14.95 57.16 10.20 2.84 0.80 2.75 8.95 1.05 1.29
Hondo Hondo 19.83 46.72 17.45 3.07 1.04 3.15 7.04 1.19 0.62
Wet season average 18.92 53.19 13.03 3.25 0.81 2.81 6.27 0.89 0.86

Group name

Activity categories

Daily "average percentage of time" spent per activity is averaged for each group from wet season daily 
follows.

***denotes a significant difference among groups at an alpha-level of 0.001 or less.

Wet season average shows the average percentage of time spent per activity, calculated by lumping 
daily data from all groups.
**denotes a significant difference among groups at an alpha-level of 0.01 or less.

 

 

The overall difference in time spent resting between seasons was driven by 

Groups 1 and 2 who spent less time resting in the dry season than in the wet season 

(Group 1 mean =  44.4% vs. 56.3%; Group 2 mean = 45.5% vs. 57.2%) (Group 1: Mann-

Whitney U test, n = 27, Z = 3.615, p = 0.0003; Group 2: n = 23, Z = 4.031, p = 0.00006). 

There was no significant difference in time spent resting for the Hondo Hondo group 

between seasons (dry season mean = 48.0%; wet season mean = 46.7%; Mann-Whitney 

U test, n = 18, Z = 0.045, p = 0.964). 

All groups spent a lower percentage of time climbing in the wet season compared 

to the dry season (Group 1: 11.0% vs. 13.5%; Group 2: 10.2% vs. 13.0%; Hondo Hondo: 

17.5% vs. 18.3%), but these differences were not statistically significant (Group 1: Mann-

Whitney U test, n = 27, Z = 1.76, p = 0.083; Group 2: n = 23, Z = 1.74, p = 0.088; Hondo 

Hondo: n = 18, Z = 0.226, p = 0.86). 



 

229 

All groups spent a greater percentage of time grooming during the wet than the 

dry season (3.2% vs. 2.1%). However, this seasonal difference is only significant for 

Group 2 which spent 1.58% of its time grooming in the dry season and 2.84% in the wet 

season (Mann-Whitney U-test, n = 23, Z = 2.23, p = 0.026; Group 1: n = 27, Z = 1.71, p 

= 0.093; Hondo Hondo: n = 18, Z = 0.725, p = 0.48). While these small differences are 

statistically significant, their behavioral importance was not apparent. 

Overall, groups played more in the wet season than the dry season (6.27% vs. 

3.72%), but these results were driven by data from Hondo Hondo group and Group 2. 

The Hondo Hondo group allocated a significantly greater percentage of time to playing in 

the wet season than in the dry season (2.37% vs. 7.04%; Mann-Whitney U test: n = 18, Z 

= -2.68, p = 0.007). Group 2 played less in the dry season compared with the wet season, 

but this trend was only weakly significant at a p-level of 0.08 (5.75% vs. 8.95%; n = 23, 

Z = 1.736, p = 0.082). Group 1 did not vary in its play behavior between seasons (dry 

season: 2.73%, wet season: 2.76%; n = 27, Z = -0.251, p = 0.80). As mentioned earlier, 

age-class differences between seasons were unlikely to affect these results. 

 

Comparing season-specific activity budgets among groups 

Because there was a significant influence of season on activity budget, group 

activity budgets were compared within the dry season and then within the wet season to 

test for inter-group differences in activity budgeting.  

Activity budgets did not differ significantly among groups during the dry season 

except in percentage of time allocated to feeding (Tab. 34; Kruskal-Wallis test, n = 37, 
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feed: H = 13.917, p = 0.0010; sit/lie: H = 1.287, p = 0.526; climb: H = 3.507, p = 0.173; 

social groom: H = 3.843, p = 0.146; play: H = 5.361, p = 0.0685). While no pair-wise 

comparisons were conducted, it is apparent that Group 1 allocated more time to feeding 

(32.8%) than Group 2 (26.1%) or Hondo Hondo group (24.2%). Group 2 allocated a 

greater percentage of time to playing (5.8%) than Group 1 (2.7%) or the Hondo Hondo 

group (2.4%) (significant at p = 0.069). 

During the wet season, groups differed significantly from each other in time 

allocated to feeding, resting, climbing, and playing (Tab. 35, Kruskal Wallis test, n = 31, 

feed: H = 8.858, p = 0.0119; rest: H = 10.687, p = 0.0048; climb: H = 16.039, p = 0.0003; 

play: H = 18.708, p = 0.0001) but not in social grooming (H = 2.317, p = 0.314). The 

Hondo Hondo group spent more time climbing and less time resting than Groups 1 and 2. 

Group 1, with its smaller proportion of dependents, spent a smaller percentage of time 

playing than Hondo Hondo group or Group 2. Finally, Group 1 spent the most time 

feeding while Group 2 spent the least time feeding.  

Data from adults and from the complete group show similar within-season 

patterns and demonstrate that intergroup differences were greater during the wet season 

than the dry (Tab. 36). In both adult-only and complete-group wet season analyses, 

groups differed significantly in time spent resting (adult: Kruskal Wallis, df = 2, X2 = 

12.337, p = 0.0021; complete: H = 10.687, p = 0.0048) and feeding (adults: df  = 2, X2 = 

15.163, p = 0.0005; complete group: H = 8.858, p = 0.0119). Finally, there was a trend 

that groups differed in time spent climbing during the wet season (adult: X2 = 4.789, p = 

0.0912; complete: H = 8.858, p = 0.0119). 
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Table 36. Seasonal activity budget comparison of adults to the complete group. 

Dry season % range % range % range % range
Group 1 (adult) 33.0 24.6 - 42.5% 49.1 37.8 - 60.6% 12.7 1.6 - 20.6% 3.2 0.0 - 7.1%
Group 1 (complete) 32.8 29.4 - 42.3% 44.4 34.8 - 54.5% 13.5 2.6 - 21.8% 2.7 0.3 - 6.2%
Group 2 (adult) 30.1 19.6 - 42.3% 53.8 40.4 - 65.3% 12.5 8.0 - 21.6% 2.1 0.0 - 7.6%
Group 2 (complete) 26.1 16.7 - 34.5 % 45.5 40.3 - 52.4% 13.0 7.3 - 15.3% 1.6 0 - 4.5%
Hondo Hondo (adult) 26.2 18.8 - 34.8% 54.5 35.6 - 65.2% 16.3 10.9 - 31.5% 2.2 0.0 - 4.3%
Hondo Hondo (complete) 24.2 19.9 - 35.6% 48.0 40.3 - 60.8% 18.3 10.7 - 28.2% 2.2 0 - 5.6%

Wet season
Group 1 (adult) 19.6 13.9 - 25.2% 64.7 46.9 - 71.1% 10.1 4.8 - 18.4% 4.2 2.3 - 6.1%
Group 1 (complete) 21.9 14.5 - 27.0 % 56.3 42.2 - 64.4% 11.0 6.1 - 18.2% 3.9 1.8 - 6.6 %
Group 2 (adult) 15.7 9.9 - 18.7% 68.6 58.0 - 76.5% 10.2 4.9 - 19.8% 3.1 0.9 - 4.8%
Group 2 (complete) 14.9 7.1 - 20.1% 57.2 53.5 - 63.0% 10.2 5.2 - 16.1% 2.8 0.6 - 5.4%
Hondo Hondo (adult) 23.9 18.3 - 32.1% 56.0 41.7 - 66.4% 15.5 7.4 - 28.0% 2.9 0.0 - 6.4%
Hondo Hondo (complete) 19.8 12.3 - 26.4% 53.2 31.0 - 56.6% 17.5 12.9 - 25.2% 3.1 0 - 6.6%

Group name and 
Season

Adult activity categories
feed sit or lie climb social groom

 

 

Relationships between weather variables and activit y budget 

 

Activity budget data were tested for normality and fit the normal distribution 

(resting: Shapiro-Wilk Goodness-of-Fit test, n = 68, W = 0.98, p = 0.389; feeding: W = 

0.99, p = 0.76).  

When data from all groups were combined, the percentage of time spent resting 

each day was significantly related to daily weather variables: maximum temperature (ºC), 

maximum relative humidity (%), minimum relative humidity (%), rainfall (mm), and 

radiation (milliJoule MJ/m2) (least squares multiple regression: n = 67; F = 12.130 p < 

0.0001; R2 = 0.439, R2 adjusted (based on the equation 1 – MS/(SS/df) = 0.40). Of these, 

maximum temperature explained the most variance in time spent resting (Fig. 52; n= 67, 

F = 41.859, R = 0.626, R2 = 0.392, R2 adj. = 0.382, p < 0.0001). Maximum relative 



 

232 

humidity explained a smaller but statistically significant amount of variation in time 

allocated to resting (Fig. 53, n = 67, F =15.653, R = -0.440, R2 = 0.194, R2 adj. = 0.182, p 

= 0.0002). Rainfall, minimum relative humidity, and radiation were not related to the 

percentage of time spent resting (rainfall: F = 0.335, p = 0.565, R = 0.072, R2 = 0.005, R2 

adj. = -0.010; minimum relative humidity: F = 3.529, p = 0.065, R = -0.227, R2 = 0.0515, 

R2 adj. = 0.0369 radiation: F = 0.19, p = 0.8482). The percentage of time allocated to 

feeding was also significantly related to daily maximum temperature (Fig. 54, n = 67, F-

ratio: 40.32, p < 0.0001, R = -0.619, R2 = 0.38, R2 adjusted = 0.37). This last result was 

expected because the percentage of time spent feeding and the percentage of time spent 

resting had a close, negative correlation (Spearman ρ (65) = -7112, p < 0.001). 

 

 

Figure 52.  The relationship between daily maximum temperature (°C) and the percentage of 
time that a group spent resting each day (R2 adj. = 0.382, p < 0.0001). 
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Figure 53. The relationship between daily maximum relative humidity (%) and the percentage of 
time that a group spent resting each day (R2 adj. = 0.182, p = 0.0002). 
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Figure 54. The relationship between maximum daily temperature (°C) and the percentage of time 
a group spent feeding each day. 

 

Correlation between dietary diversity and activity budget 

 

There was no significant correlation between a group’s daily dietary diversity 

(H`) and the percentage of time a group spent feeding or resting each day (feed: Fig. 55, 

Spearman ρ (66) = -0.1799, p = 0.142; rest: Fig. 56, Spearman ρ (66) = 0.2069, p = 

0.090). 
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Figure 55. The relationship between a group’s daily dietary diversity score (H`) and the 
percentage of time it spent feeding each day. Daily dietary diversity scores were calculated using 
species as the increment of measurement rather than species-specific part (p = 0.14). 
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Figure 56. The relationship between a group’s dietary diversity score and the percentage of time 
spent resting each day (p = 0.09). 

 

Influence of food tree species characteristics with in each group’s 
home range on the percentage of time a group spent feeding 

 

 Comparisons were made between behavioral variables related to feeding and food 

tree characteristics within each group’s home range (Tab. 37). While no quantitative 

statistics could be conducted with only three groups, data suggest that food tree species 

diversity within the home range may be related to the percentage of time spent feeding; 

Group 1 spent the most time feeding and had the highest food tree species diversity score. 

There was no clear relationship between the percentage of time spent feeding and food 

tree species richness or density. When only the two most frequently ingested food species 
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were considered (Ch. 6), there was still no relationship between food tree density and the 

percentage of time spent feeding.  

 

Table 37. Comparison of food tree variables within the home range of each group with the 
average percentage of time that each group spent feeding during the study period. The two tree 
species most commonly ingested by each group were considered the “top two” food trees. Habitat 
data were collected from transect surveys of each home range. 

Group 1 Group 2 Hondo Hondo
Food tree species 
diversity (H`) 2.22 1.6 2.05
Food tree species 
richness (# species/ha) 20 16 20
Density of top two food 
trees (# trees/ha) 33.3 26.7 41.3
Density of all food trees 
(# trees/ha) 86.7 93.3 108
% time spent feeding 28.8 21.3 21.5

Group name
Variable

 

 

 

The relationship between activity budget and food 
availability/quantity within the home range  

 

Activity budget was significantly correlated with food availability (defined by the 

Q index) within the group’s home range (df = 68, F = 11.24, p = 0.0013; R = -0.3815, R2 

= 0.1456; R2 adj. = 0.1326). As the quantity of food within the home range increased, the 

percentage of time allocated to feeding decreased (Fig. 57). 
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Figure 57. The relationship between food availability (calculated using the Quantity Index) and 
the percentage of time that groups spent feeding (p = 0.0013). 

 

Food availability explained a greater amount of the variation in activity budget in 

some groups than others. In Magombera Forest, over 34.6% of the variation in the 

percentage of time that Group 1 spent feeding was explained by food availability (df = 

26, F = 14.737, p < 0.0007; R = -0.6090, R2 = 0.371, R2 adjusted = 0.346), and it 

explained 57.5% of the variation in time allocated to feeding for Group 2 (df = 22, F = 

30.720, p < 0.0001; R = -0.6779, R2 = 0.594, R2 adjusted = 0.575). In Mwanihana Forest, 

there was a trend that the percentage of time spent feeding correlated with food 

availability for the Hondo Hondo group, but this result was not significant (df = 17, F = 

2.629, p = 0.124; R = -0.3757, R2 = 0.141, R2 adjusted = 0.087). 
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The relationship between food availability within groups’ home ranges and the  

percentage of time spent feeding was stronger when food availability for only the two 

most frequently eaten food species were considered (Fig. 58; top food species list: Tabs. 

48-51 in Ch. 6; df = 68, F = 26.724, p < 0.001, R = - 0.537, R2 = 0.2882, R2 adj. = 

0.2774). For individual groups, food availability for the top two food species significantly 

explained 38.7% of the variance for Group 1 and 66.3% for Group 2 (Group 1: top two 

food species: Erythrophleum suaveolens and Ochna holstii, df = 26, F = 17.425, p = 

0.0003, R = -0.641, R2 = 0.4107, R2 adj. = 0.3872; Group 2: top two food species: 

Erythrophleum suaveolens and Albizia gummifera, df = 26, F = 44.264, p < 0.0001, R = -

0.823, R2 = 0.6782, R2 adj. = 0.6629). Results for Hondo Hondo group were not 

significant (Hondo Hondo: top two food species: Sorindeia madagascariensis and 

Antiaris t. welwitschii, df = 17, F = 1.836, p = 0.194, R = -0.3209, R2 = 0.1030, R2 adj. = 

0.0469). 
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Figure 58. The relationship between the percentage of time a group spent feeding each day and 
the availability of its two most commonly ingested food species (p < 0.001). Top food species for 
each group are listed in Tabs. 48-51, Ch. 6. 

 

Temporal variation in activity budget 

 

Plotting the temporal distribution of resting, feeding, and climbing behaviors 

across groups shows two feeding peaks: one just after leaving the sleep tree in the 

morning and one prior to entering the sleep tree in the evening (Fig. 59).  However, when 

the data are separated by group and by activity (Figs. 60-68), the time allocated to 

feeding activities during these morning and evening time periods does not differ 

significantly from feeding activity levels during other time periods, partly due to the large 

amount of variability during each time period. The large standard deviations and ranges 
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associated with each time period suggest that activities are not temporally predictable. In 

other words, there was no time period during which monkeys consistently engaged in a 

specific activity. 

 

Temporal Patterns of Activity: All Groups Combined
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Figure 59. Temporal patterns of activity across Udzungwa red colobus groups from May 2009 – 
March 2010. Data for each activity were summed per time period and converted into a percentage 
of the total scores for that time period. The percentages from Group 1, Group 2, and Hondo 
Hondo group were averaged per time period. Due to increased visibility along the forest edge, 
behavioral observations of Group 1 commenced one morning at 6:00 and other mornings at 6:30. 
Other groups were not clearly visible until the 6:30 time period at the earliest. There were two 
peaks in feeding behavior in the early morning and late afternoon. 
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Figure 60. Temporal patterns of climbing activity for Group 1 in Magombera Forest from May 
2009 – February 2010. Observations typically commenced at 6:30 but on one occasion began at 
6:00 due to early visibility. The last observation period was at 18:30. 

 

 



 

243 

 

Figure 61. Temporal patterns of resting activity for Group 1. 
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Figure 62. Temporal patterns of feeding activity for Group 1. 
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Figure 63.  Temporal patterns of climbing activity for Group 2 in Magombera Forest from June 
2009 – March 2010. Observations commenced at 6:30 and ended after 18:30, though these times 
fluctuated during the study period due to variation in visibility. 
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Figure 64. Temporal patterns of resting activity for Group 2.
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Figure 65. Temporal patterns of feeding activity for Group 2. 
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Figure 66. Temporal patterns of climbing activity for Hondo Hondo group in Mwanihana Forest 
from August 2009 – February 2010. Observations commenced at 6:30 and ended after 18:30, 
though these times fluctuated during the study period due to variation in visibility. 
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Figure 67. Temporal patterns of resting activity for Hondo Hondo group. 
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Figure 68. Temporal patterns of feeding activity for Hondo Hondo group.
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There were significant temporal differences in time spent resting for Hondo 

Hondo group and Group 1. The Hondo Hondo group spent significantly more time 

resting earlier in the day than before entering the sleep tree (9:30, 10:00, and 12:00 vs. 

17:30, Fig. 66). Group 1 spent significantly less time resting at 18:30 than during several 

morning and afternoon time periods (10:30, 11:00, 13:00, and 14:30, Fig. 61). There were 

no significant temporal differences in other activity categories among groups. 

 

Survivorship and Natality 

 

Relationships were explored among groups’ natality and survivorship ratios and 

two measures of feeding behavior: the percentage of time spent feeding and a group’s 

mean daily dietary diversity. The average ratio of infants to adult females was used as an 

index of natality. The average ratio of juveniles to adult females was used as an index of 

survivorship. A caveat of using the survivorship index is that individuals may disperse as 

early as juveniles. No data were available on dispersal age in URC, but the earliest 

recorded dispersal in the CW group of P. tephrosceles was 26.5 months (Struhsaker 

2010). Therefore, if juveniles do disperse, juveniles that have died or dispersed were 

treated equally in this analysis. 

Qualitative comparisons suggest that feeding behavior may relate to a group’s 

survivorship and natality scores (Tab. 38). As reported earlier, mean dietary diversity did 

not significantly vary among groups (F = 0.939, p = 0.396), but the average percentage of 
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time spent feeding did vary among groups (H = 15.170, p = 0.0005). Group 1 had the 

lowest natality and survivorship scores and spent the most time feeding.  

 

Table 38. Relationship between mean daily dietary diversity and mean demographic statistics.  

Group 1 Group 2 Hondo Hondo 
mean natality score I:AF 0.16 0.21 0.22

mean survivorship score J:AF 0.26 0.53 0.56
mean dietary diversity (species-

specific part): H` 1.85 1.92 2.07
mean dietary diversity 

(species): H` 1.58 1.72 1.60
mean percentage of time spent 

feeding 28.8 21.3 21.5

Group
Variable

 

 

Discussion 

 

Summary 

 

The URC allocated the majority of their time to resting (51.4%), feeding (22.2%), 

and climbing (11.9%) behaviors. The main findings of this study were that URC activity 

budgets correlated with differences in demography among groups, seasonality, 

temperature, humidity, and food availability.  
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Activity budget comparison across colobines 

 

Like other colobines, the URC allocated the majority of their time to three 

behavior categories: resting, feeding, and climbing. Groups dedicated an average of 

85.5% of their time to these activities, which is comparable to other red colobus taxa 

(mean = 85%, Tab. 39). Activity budgets of red colobus at Kanyawara, Kibale Forest in 

Uganda varied the most from other red colobus. Possible explanations for this difference 

are discussed below. 

 

Table 39. Activity budgets of some colobine taxa. Starin’s (1991) P. temminckii data do not 
include behaviors of infants under one year old. Percentages shown are means, including Clutton-
Brock’s (1974) data for which I calculated the means (medians reported in original publication). 

Feed Sit or lie Climb Groom
Red Colobus Taxa

Mwanihana and Magombera, 
Tanzania Procolobus gordonorum 22.2 51.4 11.9 3.1 this study
Jozani forest, Zanzibar Procolobus kirkii 28.7 47.3 12.1 5.3 Siex 2003
Jozani shambas, Zanzibar Procolobus kirkii 28.6 43.8 6.0 8.3 Siex 2003
Kanyawara, Kibale, Uganda Procolobus tephrosceles 44.8 34.6 9.1 4.5 Struhsaker 2010
Ngogo, Kibale, Uganda Procolobus tephrosceles 32.0 35.6 8.7 7.3 Struhsaker 2010
Gombe, Tanzania Procolobus tephrosceles 26.6 55.5 8.3 5.8 Clutton-Brock 1974
Mchelelo, Tana River, Kenya Procolobus rufomitratus 30.0 47.8 7.2 2.1 Marsh 1981c
Abuko, Gambia Procolobus temminckii 21.3 52.4 12.5 5.6 Starin 1991

Other Colobines
Kanyawara, Kibale, Uganda Colobus guereza 19.9 57.4 5.4 6.2 Oates 1977
Tiwai, Sierra Leone Colobus polykomos 30.9 55.1 11.6 n/a Dasilva 1992
Fusui Reserve, China Trachypithecus leucocephalus 13.4 51.9 14.5 13.6 Li and Rogers 2004
Nonggang Reserve, China Trachypithecus francoisi 23.1 51.5 17.3 2 Zhou et al 2007

Percentage of time spent per 
activity

Study Site Study Taxon Source
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Influence of age-sex composition on activity budget  

 

Red colobus activity budgets varied based on age composition because the 

activities of infants and juveniles differ from those of adults (e.g. Starin 1991, Struhsaker 

2010, Marsh 1981c, Zhou et al 2007, Li and Rogers 2004). For example, during a year of 

scan samples, Starin (1991) never saw adults play in her focal group whereas 23% of 

scores for infants (0-13 months) were play. Similar differences were reported by Marsh 

(1981c) among P. rufomitratus infants and adults. In this URC study and in two P. 

tephrosceles groups, groups with a larger proportion of infants and juveniles spent more 

time performing dependent-dominated behaviors (clinging and play/exploring) than 

groups with relatively fewer dependents (Struhsaker 2010, RUL vs. CW groups). 

Activity budgets also differed between the sexes. For example, female P. 

temminckii engaged in play behavior until later in life than males, and females engaged in 

social grooming more than males (Starin 1991). Adult females in both the URC and the 

CW group in Kibale also allocated significantly more time to social grooming than adult 

males (Struhsaker 1975, 2010). Adult females spent more time feeding in the Tana River 

red colobus and the Delacour’s langur, perhaps due to differential energetic requirements 

associated with gestation and lactation (Marsh 1981c, Workman 2010). 
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Relationships between weather variables and activit y budget 

 

There was a negative correlation between mean maximum daily temperature and 

the percentage of time spent feeding in both the URC and Tana River red colobus (Marsh 

1981c). Conversely, mean maximum daily temperature positively correlated with the 

percentage of time spent resting in these taxa (Marsh 1981c). Maximum relative humidity 

was negatively correlated with the percentage of time spent resting. Total daily rainfall 

was not correlated with the total daily activity budget. Yet, monkeys typically huddled 

during heavy downpours, and during longer downpours, some individuals fed. One 

possible explanation for why activity budget behavior did not significantly vary between 

rainy and non-rainy days was that the cumulative rainfall during the wet season was 32% 

less than the historical average, making this study period the driest year on record. Rain 

fell on only 9 days during focal follows and usually amounted to only a few cumulative 

millimeters per day; therefore, it is not surprising that this small amount of rainfall did 

not correlate with activity budget in this study.  

This correlation between activity budget and temperature may be related to 

thermoregulation. Groups may rest relatively more during the warmer, wet season to 

avoid hyperthermia. Relative to other colobines, the CW group in Kanyawara, Kibale 

allocated the most time to feeding and lived in a cooler climate than other taxa (Tab. 40). 

A short study of nine other red colobus groups in Kanyawara collaborated this finding, 

reporting similarly large percentages of time spent feeding (40-51%, Snaith and Chapman 

2008). Marsh (1981c), Starin (1991), and Struhsaker (2010) suggested that the CW group 
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may have allocated more time to feeding to meet the energetic demands of living in a 

cooler climate. Furthering this argument, Struhsaker (2010) found that both the CW 

group and RUL group in Kibale spent less time resting than red colobus in other locations 

and suggested that groups in warmer climates rested more in order to avoid hyperthermia 

during higher temperatures.   

 

Table 40. The relationship between temperature and activity budget across a sample of colobines. 
Question marks indicate that no meteorological data were available. Temperatures from 45 miles 
NE of Tiwai are shown as a general comparison for Dasilva’s (1992) study. 

Min. Max. % feed % rest
Udzungwa, Tanzania P. gordonorum 12.2 - 37.6 20.7 32.4 22.2 51.4 a
Kanyawara, Uganda P. r. tephrosceles ~14 - ~28 16.2 23.3 44.8 34.6 b,c

Ngogo, Uganda P. r. tephrosceles ? 16.6 24.2 32.0 35.6 b,c
Tana River, Kenya P. rufomitratus 17 - 38 22.4 ? 30.0 47.8 d,e

Abuko, Gambia P. temminckii ? ~ 21.3 ~ 29.0 21.3 52.4 f
Tiwai, Sierra Leone Colobus polykomos ? ? ? 30.9 55.1 g
Daru, Sierra Leone 
(45 miles NE Tiwai) n/a

(7 - 40) from   
2005-2012 25.5 28.8 n/a n/a h

Study site

Mean 
temperature °C Activity budget

Temperature 
range or 

(historical 
range) (°C) SourceStudy taxon

 

Sources: a = this study; b = Struhsaker 1997; c = Struhsaker 2010; d = Marsh 1981c; e = Butynski 
and Mwangi 1994; f = Starin 1991; g = Dasilva 1992; h = Weatherbase 2012. 

 

The RUL group at Ngogo, approximately10 km from the CW group at 

Kanyawara, allocated less time to feeding than the CW group. Climate, temperature, and 

tree species richness, diversity, and density were reportedly similar between the sites 

(Struhsaker 1997, 2010). Struhsaker (2010) argued that intraspecific feeding competition 

was higher at Kanyawara than at Ngogo due to differences in red colobus densities and 

might explain why the CW group spent more time feeding and climbing than the RUL 
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group (Tab. 39 – 40; RUL = Ngogo Kibale group in Tab. 39; CW = Kanyawara Kibale 

group in Tab. 39)).  However, URC Group 2 and Group 1 in Magombera Forest were 

neighbors, and Group 1 allocated more time to feeding than Group 2, despite the fact the 

Group 2 must have experienced relatively greater intraspecific feeding competition than 

Group 1 as a result of home range overlap with additional groups (Ch. 3). Yet, this 

scenario is not directly comparable to the Kibale example for two reasons. First, the 

difference in time spent feeding between Group 1 and Group 2 was not as great between 

CW and RUL groups. Second, if population density does correlate with intraspecific 

feeding competition, then these hypothetical differences in intraspecific food competition 

between Group 1 and Group 2 were not nearly great as those between RUL and CW 

groups (Struhsaker 1997). These data suggest that intraspecific feeding competition 

remains a viable hypothesis for intergroup differences in feeding behavior in Kibale and 

that cooler temperatures can explain why these two groups rested less than groups in 

warmer climates.  

 

Seasonal influences on activity budget and energeti c strategies 

 

URC activity budgets differed between the wet and dry season and could be 

related to differences in food species phenology, food availability, and/or weather. 

Groups spent more time feeding in the cooler dry season than in the warmer wet season. 

Groups spent less time resting, grooming, and playing in the dry season than the wet 

season. Temperatures were higher in the wet season, and monkeys may have rested 
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relatively more to avoid hyperthermia. Infants may play more during the wet season 

because groups spend more time resting, providing greater opportunities for social play.  

Other colobines also spent significantly more time resting and less time feeding 

during the wet season compared to the dry season (e.g. P. r. tephrosceles in Gombe, 

Tanzania (Clutton-Brock 1974) and T. francoisi in China (Zhou et al 2007)). (I conducted 

Kruskal-Wallis tests on Clutton-Brock’s (1974) data set; feed: N = 32, Z = 2.67, p = 

0.0075, rest: N=32, Z = -2.79, p = 0.0053). Zhou et al (2007) hypothesized that the 

increased feeding time during the dry season was a part of a strategy for maximizing 

energy intake with alternative food sources (i.e. seeds) when preferred foods (i.e. young 

leaves and fruit) were unavailable. 

T. leucocephalus also spent more time feeding during the coldest season in China 

when temperatures sometimes dropped below freezing (Huang et al 2003). Similar to 

Struhsaker’s (2010) hypothesis, Huang et al (2003) hypothesized that this seasonal 

variation correlated with thermoregulation demands at varying temperatures, though 

these extreme climatic differences may not provide a meaningful comparison to the red 

colobus studies. 

The black-and-white colobus (C. polykomos) in Sierra Leone spent more time 

feeding in the warmer, dry season than the cooler, wet season. This study site is located 

in the northern hemisphere, and cooler temperatures were associated with the wet season 

(unlike the other red colobus study sites cited in Tab. 40 except Starin’s (1991) study of 

P. temminckii in The Gambia). The overall temperatures, however, were probably similar 

to those in this URC study and Marsh’s (1981c) Tana River study and not as cool as in 
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Kibale (Tab. 40). Dasilva (1992) considered both temperature and food availability as 

possible explanatory factors for the black-and-white colobus’ seasonal behavior 

differences. Dasilva hypothesized that the increased time spent feeding during a season 

with high-energy food availability (i.e. seeds) was an energetic strategy used to store fat 

for times when high-energy food sources would be unavailable (i.e. the wet season, when 

dietary composition switched primarily to mature leaves). She argued that C. polykomos 

utilized huddling behavioral postures rather than increased feeding time to regulate body 

temperature in the cooler, wet season (Dasilva 1992). 

The URC’s energetic strategy most likely involves balancing thermoregulation 

with maximizing energy. In association with increased temperatures during the wet 

season, URC spent more time resting and less time feeding, perhaps to avoid 

hyperthermia. During the cooler dry season, URC allocated more time to feeding, and 

unripe seeds represented a large proportion of the URC diet. During the warmer wet 

season, young leaves comprised the majority of the diet (Figs. 69 – 72, Ch. 6), and groups 

fed relatively less and rested relatively more. According to Dasilva (1992), seeds were 

the highest energy foods commonly consumed by C. polykomos which suggests that the 

URC allocated more time to feeding in association with the availability of higher energy 

food sources. A possible alternative explanation for this seasonal difference in time 

allocated to feeding is that the unripe seeds ingested during the dry season are from tough 

pods (Erythrophleum suaveolens) which may have required longer handling times than 

young leaves. 
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The relationship between activity budget and food s pecies 
characteristics within the home range 

 

In this URC study and Wong and Sicotte’s (2007) study of Colobus vellerosus, 

there were no clear relationships between the percentage of time spent feeding and food 

tree species density or richness. Likewise, food tree species richness was not related to 

the percentage of time that groups spent feeding in P. kirkii (Siex 2003). However, 

qualitative comparisons across URC groups suggest a relationship between food tree 

species diversity within the home range and the percentage of time spent feeding. Group 

1 spent the most time feeding and had the highest food tree species diversity score. This 

relationship may relate to the importance of diversity in the red colobus diet not only for 

nutrient acquisition but for avoiding high levels of secondary plant compounds 

(Struhsaker 2010). For an herbivore, it may be advantageous to consume smaller 

quantities of a variety of plant secondary compounds rather than large quantities of a few 

compounds (Freeland and Janzen 1974, Westoby 1974). Because Group 1 had more 

diverse dietary options, they may have allocated more time to feeding. However, this did 

not correlate with increased dietary diversity for Group 1. As reported above, dietary 

diversity did not significantly differ among groups. 
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Food availability as a correlate of activity budget  

 

As overall food availability and food availability of only the top two food species 

within the home range increased, the percentage of time that URC spent feeding 

decreased. This relationship was significant for Group 2 and Group 1 in Magombera 

Forest but not for the Hondo Hondo group in Mwanihana Forest. Seven groups of 

Zanzibar red colobus, conversely, did not differ significantly from each other in the 

percentage of time spent feeding even though food availability was higher for three 

groups (Siex 2003). Siex’s (2003) study is not directly comparable though because she 

did not test whether daily variation in activity budget was related to temporal food 

availability.  

 There are at least three reasons why food availability may negatively correlate 

with time spent feeding. First, Magombera groups may feed less when food availability is 

high because food choices are greater and groups can feed on higher quality foods. 

Second, average food availability was lower during the dry season when unripe seeds 

from tough pods (Erythrophleum suaveolens) were one of the main plant parts ingested. 

Magombera groups may have spent more time feeding because unripe seeds required 

longer processing times than young leaves, which were the main plant part ingested 

during the wet season when the average food availability was higher. As Marsh (1981c) 

states, feeding time is not necessarily representative of food intake, suggesting that total 

food intake may have been similar across seasons for URC. Third, average food 

availability is higher in the wet season when average temperatures are higher, and URC 
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groups may feed less in the wet season in relation to thermoregulatory demands rather 

than food availability.  

 

Dietary diversity and richness as correlates of act ivity budget 

 

Dietary diversity (H`) did not differ significantly among groups of URC in terms 

of the diversity of species consumed or the diversity of species-specific parts consumed. 

Dietary species richness, which is sometimes improperly referenced as dietary diversity 

(e.g. Marsh 1981c and Starin 1991), was relatively high (between at least 40-53 species 

consumed per group, Ch. 6), especially considering this study’s duration in comparison 

with longer studies (e.g. Marsh 1981c, Starin 1991, Struhsaker 2010 in Tab. 41). 

 

Table 41. The relationship between dietary species richness and the percentage of time spent 
feeding in a sample of red colobus taxa. Dietary species richness was the number of species 
ingested during the study period. When the study duration varied between dietary and activity 
budget data, individual durations were listed with dietary duration first. 

Study site Study taxon
Dietary species 

richness
% time spent 

feeding

Study 
duration 
(months) Source

Udzungwa P. gordonorum  ≥ 40 - 53 22.2 10 this study

Zanzibar P. kirkii
18 - 27 trees +  

2 - 8 herbs 28.6 10 Siex 2003
Tana River P. rufomitratus 22 30 22 Marsh 1981c

Abuko P. temminckii 89 21.3 23 Starin 1991
Kanyawara P. r. tephrosceles ≥ 62 44.8 19 / 12 Struhsaker 2010  

 

Marsh (1981c) compared dietary species richness between red colobus in Kibale 

(Struhsaker 1975, 2010) and at Tana River and suggested that when dietary richness is 
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low, monkeys may ingest high levels of specific digestive-inhibiting secondary 

compounds, resulting in slower digestion times and less time spent feeding.  More recent 

data refute this argument; four red colobus taxa spent less time feeding than the Kibale 

group but had both lower and higher dietary richness than the Kibale group (Tab. 41). 

These data provide further support for the hypothesis discussed earlier suggesting 

that variation in time allotted to feeding between the CW group in Kibale and other red 

colobus groups is partly related to thermoregulation rather than dietary species richness 

(Marsh 1981c, Starin 1991, Struhsaker 2010). 

 

Temporal patterns of activities 

 

Other studies of red colobus report extreme temporal variability in activity budget 

but found predictable feeding bouts in the morning and early evening (Clutton-Brock 

1974, Struhsaker 1975, Marsh 1981b, and Nowak 2007). There was no significant 

temporal difference in time spent feeding in the URC, but the Hondo Hondo group and 

Group 1 both spent significantly more time resting during a few mid-day time periods 

and less time resting  prior to entering the night’s sleep tree. This suggests that the URC 

rest more in the middle of the day than prior to entering the sleep tree, probably because 

group forage before entering their sleep tree and often ingest food while sitting in their 

sleep tree. 
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The relationship between feeding behavior and natal ity and 
survivorship 

 

Struhsaker (2010) observed that the CW group in Kanyawara, Kibale spent the 

most time feeding and had the highest natality and survivorship scores compared to other 

red colobus taxa. He suggested that groups which allocate more time to feeding will have 

higher reproductive success, assuming that more time feeding reflects an increase in 

nutritional intake and will translate into offspring and surviving juveniles. Data from the 

three main URC groups do not support this hypothesis. Group 1 had the lowest natality 

and survivorship scores and spent the most time feeding (Tab. 38). However, the effects 

of hypothetically poorer nutrition on demography may not be immediate, requiring a 

longer study period to assess whether activity budget correlates with survivorship and/or 

natality. 

 

Conclusion 

 

The ecological and demographic variables measured in this study explained a 

significant amount of the within- and among-group variation of activity budget in URC 

groups. Within-group activity budget variation was significantly correlated with 

temperature, humidity, season, food availability, and time of day. Among-group activity 

budget variation was significantly correlated with age-sex composition and food 
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availability with a possible relationship between food tree species diversity within the 

home range and the percentage of time spent feeding.  

Data from this study suggest that URC energetic strategies involve balancing 

thermoregulation (minimizing energy expenditure) with maximizing energy intake. 

Groups spent significantly more time feeding during the dry season when unripe seeds – 

a high energy food item – comprised a large percentage of the diet. Groups allocated 

significantly more time to resting and less time to feeding during the wet season when 

temperatures were highest, perhaps to avoid hyperthermia.  

In addition, two findings have potential implications for interpreting URC feeding 

behavior. First, the negative correlation between food availability and the percentage of 

time spent feeding could be explained in at least three ways: 1) Greater food availability 

may indicate greater choices, and groups may feed less because they can choose higher 

quality foods, 2) Groups may spend more time feeding when their main food items are 

mechanically defended, which coincides with periods of low food availability, or 3) Food 

availability is associated with temperature, and groups increase resting behaviors during 

warmer temperatures to avoid hyperthermia rather than for reasons related to food.  

Nutritional data paired with behavioral observations would provide a better 

understanding of this relationship. 

Second, qualitative comparisons suggest that there may be a positive relationship 

between food tree species diversity within the home range and the percentage of time 

spent feeding. This relationship would suggest the importance of diverse dietary choices 

for URC.  
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Conservation application 

 

Aside from time of day, the ecological correlates discussed above – weather, food 

availability, and food tree species diversity – can vary in relation to natural and human-

induced forest disturbance and climate change. If global temperatures increase as 

projected by climate change models (e.g. New et al 2011), these higher annual averages 

may have long-term negative effects on URC health because the URC fed less on days 

with warmer temperatures, most likely to avoid hyperthermia. If the percentage of time 

spent feeding does relate to food and nutrient intake, then extended periods of warm 

temperatures may decrease the overall health and survivorship of the URC.  

This study and others suggests that diverse dietary choices and food availability 

are important to red colobus feeding ecology. Tree species diversity and abundance 

within a forest can be influenced both by temperature and human activities. Tropical tree 

species are adapted to a limited seasonal variation in temperature and unprecedented 

temperature increases may exceed the tolerance level for many tropical tree species 

(Wright et al 2009), with the potential for localized extinctions of some tree species. Of 

more immediate concern, logging and pole extraction will also reduce the number of 

potential food trees available to red colobus and could reduce tree species diversity. 

Based on data from this chapter, ideal conservation strategies for the URC involve 

1) preserving tree species diversity through increased protection of red colobus habitats 

from human disturbance and 2) supporting efforts to reduce future climate change.  
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6. Diet 

 

Introduction 

 

In this chapter, I examine the ecological and nutritional correlates of the 

Udzungwa red colobus monkey’s (URC, Procolobus gordonorum) diet with the 

overarching goal of understanding how vegetative parameters and nutrients relate to URC 

dietary strategies. Colobine (Colobinae subfamily) diets have been studied extensively, 

yet some of the specifics of red colobus dietary strategies still perplex researchers (e.g. 

Mowry et al 1996, Siex 2003, Struhsaker 2010, Chapman and Chapman 2002).  In this 

introduction, I briefly describe the relationship between red colobus diet and digestive 

physiology and their expected dietary strategies, followed by the hypotheses and 

predictions of this study. 

Red colobus are primarily folivorous but also granivorous (e.g. Struhsaker 1975, 

Oates et al 1977, Marsh 1981a, Mturi 1991, Siex 2003, Harris and Chapman 2007). This 

bulky and cellulose-heavy diet is supported by their specialized digestive physiology 

(Kay and Davies 1994). Colobine monkeys are unique among primates in having 

multichambered, sacculated stomachs with an expanded fermenting chamber that harbors 

cellulolytic bacterial symbionts (Chivers 1994, Kay and Davies 1994). The cellulolytic 

bacteria and complex stomach serve as part of the colobine monkeys’ fermentation 
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digestive strategy whereby bacteria produce enzymes which hydrolyse the ß-linkages of 

the hemicellulose and cellulose of plant cell walls (Kay and Davies 1994). As vertebrates, 

colobines do not produce cellulase, an enzyme required to break down hemicellulose and 

cellulose, making these bacteria critically important to the colobines’ dietary and 

digestive strategy (Lambert 1998, 2007). When hemicellulose and cellulose (structural 

carbohydrates) are degraded via fermentation, volatile fatty acids (also called short chain 

fatty acids) are released and readily available as energy resources (Kay and Davies 1994, 

Lambert 1998).  

Compared to ruminants which are highly efficient fermenters, studies of colobine 

fermentation imply that colobines absorb volatile fatty acids in their stomachs as rapidly 

as ruminants (Kay and Davies 1994). Further demonstrating the colobines’ digestive 

efficiency, one captive colobine (Colobus guereza) conserved more of its energy in 

volatile fatty acids than ruminant ungulates by reducing the amount of energy lost 

through methane production. However, this study was preliminary, and the authors 

acknowledged that energy loss could occur through some alternative pathway (Lambert 

and Fellner 2012). 

While fermentation is a critical component of the colobines’ dietary strategy, all 

food species-specific parts are not equivalent nutritionally. Colobines are expected to 

select foods high in proteins and lipids (fat); proteins supply essential energetic and 

amino acid resources for the body whereas lipids provide twice the amount of energy as 

proteins and carbohydrates. In addition, an adequate balance of other macro- and 

micronutritents must be achieved (Lambert 2007). 
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However, within these herbaceous materials are some of over 12,000 plant 

secondary compounds which can inhibit digestion or act as toxins (Freeland and Janzen 

1974, Waterman and Kool 1994, Lambert 1998, Lambert 2007). To deal with these 

secondary compounds, red colobus are thought to feed selectively on specific food items 

and/or employ diet switching to reduce their intake of any particular secondary 

compound (Struhsaker 1975, Marsh 1981a, Waterman and Kool 1994, Struhsaker 2010), 

as has been observed in possums (Wiggins et al 2006).  

Some of the most commonly studied digestive inhibitors are cellulose, 

hemicellulose, and lignin (structural components of plants’ cell walls), and condensed 

tannins (types of polyphenols). In nutrition studies, these components are often quantified 

to understand diet quality and are classified as follows. Neutral detergent fiber (NDF) 

contains the structural polysaccharides found in cell walls, including hemicellulose, 

cellulose, and lignin (Waterman and Kool 1994, Schroeder 1994, Lambert 2007). 

Generalist herbivores including red colobus are expected to select foods with a lower 

percentage of NDF (Freeland and Janzen 1974, Westoby 1974). Acid detergent fiber 

(ADF) refers only to the cellulose and lignin content in plant matter whereas acid 

detergent lignin (ADL) refers only to lignin content (Waterman and Kool 1994). While 

cellulose and hemicellulose can be fermented and digested by forestomach bacterial 

colonies, lignin cannot and will slow overall digestion speeds (van Soest 1982, Waterman 

and Kool 1994). In fact, fiber content is inversely correlated with digestibility (Waterman 

and Kool 1994). Like NDF, red colobus are expected to select foods with lower 

percentages of ADF and ADL. A comparative measure used throughout the literature to 
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assess “leaf quality” is the protein to fiber ratio of leaves; colobines are expected to select 

more nutritious leaves that have higher protein to fiber ratios. Colobines are also expected 

to avoid ingesting condensed tannins as tannins can reduce the available nutrients in food 

by forming insoluble complexes with proteins (Glander 1982, Waterman and Kool 1994). 

From a nutritional and physiological standpoint, the dietary strategy of red 

colobus should aim to maximize energy and nutrient intake while minimizing the 

negative impacts of secondary compounds on digestion and other physiological processes 

(Struhsaker 2010), a strategy referred to as nutrient balancing (Wiggins et al 2006, 

Struhsaker 2010: “dietary complementarity”). 

Dietary strategies have been examined across colobines but especially in red 

colobus. Young leaves comprise a large proportion of most colobine diets (e.g. 

Struhsaker 1975, Oates et al 1977, Marsh 1981a, Mturi 1991, Siex 2003, Harris and 

Chapman 2007). Yet, while an average young leaf is more nutritious in terms of protein 

and fiber content than an average mature leaf, red colobus selectivity among young 

leaves is not solely based on these nutrients (Mowry et al 1996, Chapman and Chapman 

2002). Concentrations and interactions of plant secondary compounds as well as variation 

in forest composition may also correlate with selectivity, but, despite research efforts, the 

relationship between selectivity and plant secondary compounds is still not well 

understood (Freeland and Janzen 1974, Westoby 1974, Oates et al 1977, Glander 1981, 

1982, Mowry et al 1996, Harris and Chapman 2007, Struhsaker 2010). 

In this chapter, the diets of four groups of URC are described and compared 

among groups and with other colobines to better understand URC dietary strategies. 



 

271 

Factors considered as possible correlates with diet composition and plant species-specific 

part selectivity include temporal variability in food tree species’ phenology, differences 

in food tree species assemblages across groups’ home ranges, and the nutrient 

composition and presence of condensed tannins in species-specific plant parts.  

Behavioral ecology data are useful beyond their applicability for understanding a 

species’ ecology. Using ecological and dietary data, behavioral ecologists and 

conservationists can assess habitat suitability for targeted primate species. For example, 

Rogers et al (2004) compiled dietary data from multiple studies of western gorillas in 

order to determine both consistently and seasonally important food species; they found 

that food plant species richness and diversity as well as their availability and nutrient 

qualities related to gorilla population density. They suggested these dietary data be used 

for assessing site suitability for long-term gorilla survival (Rogers et al 2004) when 

developing boundaries for new protected areas. 

 Based on what is known about red colobus digestive physiology and diet, I 

examined the following hypotheses and predictions in this chapter. 

 H1: The plant species-specific parts consumed by the URC will be dependent 

upon the plant species assemblages within the groups’ home ranges. 

 P1: The composition of plant species-specific parts in the diet will differ across 

groups in relation to the plant species assemblages and abundances within their home 

ranges. 

 H2: The proportion of plant phytophases consumed will be dependent upon food 

tree phenology within the group’s home range. 



 

272 

 H3: The URC will employ a feeding strategy rather than feeding randomly. 

 P3: The URC will feed from a variety of species rather than specializing on a few 

species, adding support to the idea that red colobus employ a generalist feeding strategy 

to achieve sufficient nutrient balancing.  

 H4: Selection of species-specific parts will depend upon the nutritional qualities 

of those parts. 

 P4a: Species-specific parts eaten most frequently will have greater crude protein 

to acid detergent fiber and crude protein to acid detergent lignin ratios than those eaten 

less frequently. 

 P4b: Species-specific parts eaten most frequently will have greater crude fat 

content than those eaten less frequently. 

 P4c: Red colobus will consume fewer species-specific parts with condensed 

tannins. 

 

Methods 

 

Study area 

 

This study was conducted in the Udzungwa Mountains (centered near 8° 20’S, 

35° 50’E (Struhsaker et al 2004)) and nearby Kilombero Valley of south-central Tanzania 

(Fig. 1, Ch. 2). Four URC groups were studied in two forests: Mwanihana Forest in the 

Udzungwa Mountains and Magombera Forest in the adjacent Kilombero Valley.  
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Research in Mwanihana Forest was conducted between coordinates 7°49.6’- 

7°51.0’S, 36°52.9’ - 36°53.4’E and at a median elevation of 345 m. Mwanihana Forest 

has an area of 150.6 km2 with 69.3 km2 of closed canopy forest (Marshall et al 2010) and 

is located within the Udzungwa Mountains National Park (UMNP, 1990 km2) (Rovero et 

al 2006).  The study area in Magombera Forest was located between 7°48.7’ - 7°49.0’S, 

36°57.1’ - 36°57.6E at a median elevation of 282 m. Magombera Forest has an area of 

11.89 km2 but with only 6.85 km2 of closed canopy forest (Marshall et al 2010). 

Magombera Forest is an unprotected forest island located between the Selous Game 

Reserve and the UMNP and is surrounded by the villages of Katurukila, Magombera, 

Kanyenja, and Msolwa Stesheni. Mwanihana and Magombera Forests are separated by 7 

km of agricultural land, but a corridor existed between them as recently as 1979 (Rodgers 

et al 1979, as cited by Marshall 2008b, Struhsaker 2010). The Mwanihana study area is 

within a semideciduous, lowland forest, while the Magombera study area is located in a 

semideciduous, ground-water, lowland forest. Based on fifteen years of meteorological 

data collected at Kilombero Sugar Company’s Msolwa Mill (7° 43' 30.40" S, 36° 59' 

27.48" E), the rainy season lasts from November to May with two peaks in December and 

March (data provided by Don Carter-Brown, Managing Director of Kilombero Sugar 

Company). Mean maximum temperature during the study was 32.4°C and mean 

minimum temperature was 20.7°C. This weather station was located 10.8 km NE from 

the Magombera Forest study area and 16.3 km NE from the Mwanihana Forest study 

area.  
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Each study group’s home range shared at least one border with the forest edge and 

was located within disturbed forests that were exploited for firewood collection and 

logging. While the UMNP has protective status, there was evidence of tree pole 

extraction and animal trapping in Mwanihana. Magombera Forest currently has no 

protective status, and there was evidence of hunting, animal trapping, timber extraction, 

pole extraction, and intentional fires.  

 

Study groups 

 

In the northwest triangle of Magombera Forest, two neighboring URC groups 

were habituated and studied: Group 1 (30-33 individuals) and Group 2 (39-42 

individuals). In Mwanihana Forest, two groups with home ranges 1300 meters apart were 

studied: Campsite 3 (43 individuals) and Hondo Hondo (42-43 individuals) groups (Fig. 

2, Ch. 2). (The Campsite 3 group ranged near UMNP’s campsite 3. The Hondo Hondo 

group ranged near the privately-run Hondo Hondo campsite. These campsites can be 

accessed from the Mikumi-Ifakara road.) The aim was to habituate groups of 

approximately equal sizes and to select groups that would take relatively little time to 

habituate. It was difficult to meet both criteria with neighboring groups in Mwanihana 

Forest, so distant groups were selected. During each follow, group identity was 

confirmed based on the location of the group and the presence of known individuals. 

Individuals were differentiated based on pelage, facial coloration, and morphology (stiff 

digits, injury scars, body size, etc.).  
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The Campsite 3 group disappeared from its original ranging area and was not 

relocated after 11 days of searching from November 2009-March 2010. Following the 

group’s disappearance, feeding data were collecting from other groups that shared at least 

part of Campsite 3 group’s home range area. As a result, dietary data in this chapter are 

reported for “Campsite 3 groups” or “groups within the Campsite 3 group’s home range.” 

Each focal group was followed from sunrise to sunset (≥ 11.5 hours/day) on 

approximately four near-consecutive days each month. A phenology assessment of the 

group’s home range was conducted in the middle of the study week. Each week-long 

period where a focal group was observed was considered a sample period. Non-focal 

Campsite 3 groups were only followed for three days in January and two days in March 

2010. 

 

Methods for determining home range areas 

 

When a focal group was observed, each new tree entered by any member of the 

focal group was assigned a numbered aluminum tree tag, given a corresponding GPS 

waypoint number, measured in diameter at a height of 1.3 meters (diameter at breast 

height or DBH), and taxonomically identified. The GPS waypoints were taken at the 

trunk of each tree. Garmin GPSMAP 60Cx GPS units were used for all GPS data 

collection and were accurate to within a few meters. Communication between the GPS 

unit and nearest satellites was never lost. Using Mapsource software (Garmin 2010), a 
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final map was created for each group showing all trees entered by the group, representing 

the home range area of each group. 

 

Vegetation transects 

 

At the completion of the behavioral study, vegetation surveys were conducted 

within each group’s home range using the transect method. Thirty transect locations were 

randomly selected from approximately 200 randomized latitude/longitude locations 

within each home range. Each transect was 50 meters in length along a randomly chosen 

cardinal direction. No transect areas overlapped. Trees with trunk centers within 2.5 m of 

either side of the transect line and at least 20 cm DBH (diameter at breast height = 1.3 

meters) were measured and taxonomically identified. A total length of 1500 m and area 

of 0.75 ha was sampled within the home range of each URC group, totaling between 5.9 

– 8.5% of each group’s home range area (Ch 3.). Data were recorded on dead trees but 

not included in calculations of habitat variables.  

From these transect data, the following variables were calculated: tree density/ha, 

average DBH of trees ≥ 20 cm DBH, average basal area of trees ≥ 20 cm DBH, basal 

area/ha of trees ≥ 20 cm DBH, tree species richness/ha, tree species diversity (H`), and 

tree species evenness (J) (Tab. 4, Ch. 3). (See Ch. 3 for methods and equations used to 

calculate these variables.) 
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Methods for identifying food tree species in the tr ansect 

 

Dietary descriptions in this chapter include all identified items or plant parts 

ingested by specific groups. However, some parts were ingested only once or relatively 

infrequently (i.e. sampled). For the purposes of identifying the food trees from the sample 

of tree species enumerated during transect surveys, the following definition of a food tree 

species was used: food tree species produced at least one species-specific part ingested by 

the URC. A species-specific plant part was considered a food item when it comprised at 

least 2% of the diet during at least one sample period (from May 2009 – March 2010). 

This 2% criterion was implemented to exclude species-specific parts that were eaten only 

once (i.e. sampled) and to accommodate monthly samples with relatively fewer feeding 

observations.  

 

Phenology assessments 

 

A phenological assessment of a group’s home range accompanied each four-day 

focal-follow. Tree species selected for phenology assessments were determined after 

approximately two months of habituation and/or focal follows during which each group 

entered between 660-960 total trees. A random sample of ten adult trees (for groups in 

Magombera Forest) or seven adult trees (for groups in Mwanihana Forest) from each of 

the ten most commonly entered tree species by each group was monitored for the 

duration of the study. As it was impossible to predict which species would ultimately 
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serve as URC food sources, phenology tree species monitored in this study were not 

necessarily food sources.  

Following Struhsaker (1975), seven phytophases were monitored: leaf buds, 

young leaves, mature leaves, flower buds, flowers, unripe fruit, and ripe fruit. Phytophase 

abundances were scored on a scale from 0 to 4 (methodology following Struhsaker 1975). 

An abundance score of 0 indicates that a tree exhibited 0% of its potential abundance of 

that phytophase during the assessment; 1 indicates 1-25%; 2 indicates 26-50%, 3 

indicates 51-75%, and 4 indicates 76-100%. Scores were assigned regardless of a tree’s 

crown size and were based on the production potential of the tree according to its crown 

size. As all trees were adults, crown size was similar within species. Abundance scores 

were averaged by species and phytophase type.  

 

Determining Weather Seasonality 

 

Seasonality (wet season vs. dry season) was determined based on Walter’s 

methodology (1985) by creating climate diagrams (Figs. 31-32, Ch. 4) using 

KaleidaGraph software (Synergy Software 2003). See Ch. 4 for details. Meteorological 

data were collected at Kilombero Sugar Company’s Msolwa Mill (described above). 
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Dietary data 

 

Dietary data were collected systematically during activity budget scan samples 

(methodology following Struhsaker 1975). Scan samples were conducted every thirty 

minutes, beginning and ending on the hour or half-hour when individuals were clearly 

visible. Visibility varied seasonally with the number of daylight hours, but groups were 

typically scanned from 06:30-18:30. Group 1 and Hondo Hondo group tended to be 

visible earlier than Group 2 or Campsite 3 group because Group 1’s home range had the 

largest perimeter of forest edge (i.e. the group had greater exposure to sunlight) and the 

Hondo Hondo group often slept in trees along the forest edge. Observations were made 

using Nikon Monarch 10 x 42 binoculars. 

Activity budget data were collected on a total of 74 complete focal follow days (≥ 

11.5 hours/day), totaling 1,717 scan periods and 15,586 behavior recordings. Data were 

recorded from May 2009 – March 2010, but the study duration varied among study 

groups because some took longer to habituate (Tab. 64, App. A). During a scan sample, 

activity data were recorded for as many individuals as possible over a ten-minute interval. 

If the group was moving, I began scanning the individuals at the front of the group which 

was determined by direction of movement.  If the group was stationary, I scanned from 

left to right. An individual was scored no more than once per scan period. To be scored, 

an individual must sustain an activity for at least five seconds (Struhsaker 1975). When 

an individual was scored as feeding, plant species and part consumed were recorded 

when visible.  
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Descriptions of plant parts 

 

The categories of plant parts ingested by URC (Tab. 42) are defined as follows. 

Young and mature leaves were distinguished. The entire leaf (e.g. mature leaves (entire)) 

included the lamina and petiole. The entire leaflet included the lamina and petiolule. If an 

entire compound leaf was ingested, it was still categorized as an entire leaf, but it 

included all leaflets, petiolules, the rachis, and the petiole. If only parts of leaves were 

consumed, these were categorized separately: rachis, petiole, petiolule, leaf blade apex, 

basal end of leaf blade, leaf blade, or leaf blade pieces (excluding median vein/midrib). 

The “leaves” categories (e.g. young leaves) were used to describe instances where it was 

unclear whether or not the petiole was consumed along with the lamina. Most likely, 

these were observations of entire leaves being ingested. Leaf size was noted but not 

included in this chapter’s descriptions. Other categories included leaf buds, flower buds, 

unripe seeds, flowers, and vine stalks. Specific flower parts were categorized separately 

(e.g. if only the peduncle was consumed, it was categorized as flower peduncle).  Fruits 

were categorized as ripe or unripe. Entire fruit included the fruit flesh or pod and its seeds 

or winged seeds. Seeds were categorized separately when exclusively ingested. The 

“fruit” categories (e.g. ripe fruit) were used to describe instances where it was unclear 

whether or not the seed was ingested with the rest of the fruit. The termite/sawdust 

material category described the following: termite tunnels found along branches and the 

sawdust material resulting from termite infestations of tree branches. Other infrequently 
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ingested items were categorized individually: live or dead branch pieces, dead petiolules 

or petioles, riverbed soil, bark, live or dead bark, small insects, and branch growths (on 

Treculia africana from where a ripe fruit had dropped). 

 

Feeding selection ratios 

 

To determine if URC feed selectively on specific tree species, the percentage of a 

specific species in the diet was divided by the percentage of that species in the transect 

sample of enumerated adult food trees (Crawley 1983). Ratios above one indicate 

selectivity, ratios of approximately one indicate no selection (i.e. feeding as expected 

based on the species’ relative abundance within the home range), and ratios below one 

indicate avoidance. Chi-square results were used to determine whether species were 

significantly selected or avoided. Using a species’ percentage in the transect as the 

expected value and the species’ percentage in the diet as the observed value, chi-square 

values were calculated for the five most frequently ingested tree species and the five most 

common tree species within the transect. The chi-square value was compared with the 

critical chi-square value of 3.841 (df = 1, alpha level = 0.05, one-tailed test). Significant 

chi-square results can be compared with selection ratios to determine directionality of 

significance (i.e. avoidance or selective feeding). 
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Nutritional analysis of species-specific food parts  

 

A preliminary nutritional analysis was conducted on species-specific parts 

consumed during October 2009. The top ten most frequently ingested species, including a 

total of 13 species-specific parts, were identified during scan samples of Group 2 

conducted from October 5 – 10, 2009. During this period, a total of 150 feeding 

observations were made of monkeys ingesting known species-specific parts. For each 

feeding observation, I recorded the species-specific part consumed and the tree number 

from which the part was consumed. On October 20, 2009, I collected specimens of these 

13 most frequently ingested species-specific parts (Tab. 59). When possible, specimens 

were collected from the same tree the monkeys fed in and of the same leaf size that the 

monkeys ate. Field assistants climbed trees to retrieve the specimens. Only the specific 

parts eaten by the URC were analyzed; for example, if only the apex of a Tapura mature 

leaf was eaten, a sample was taken of only the apex rather than the entire mature leaf. 

Specimens were dried out of direct sunlight at the Udzungwa Ecological Research 

Centre with the assistance of a fan. Dried specimens were ground using a Wiley Mill with 

a 1 mm screen and analyzed for nutrient content by Dr. Jessica Rothman at the 

Nutritional Ecology Laboratory at Hunter College in New York, USA. 

Samples were tested for crude protein (CP), neutral detergent fiber (NDF), acid 

detergent fiber (ADF), acid detergent lignin (ADL), and crude fat (CF). These results are 

reported as a percentage of dry matter. Samples were also tested for presence/absence of 

condensed tannins. NDF is defined as the total plant fiber/cell wall including 
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hemicellulose, lignin, and cellulose. ADF is defined as the cell wall portions containing 

cellulose and lignin. ADL measures the lignin content of the cell wall and is a negative 

correlate of digestibility (Waterman and Kool 1994, Schroeder 1994).  

Nutritional analyses were conducted following procedures described in Rothman 

et al (2008). The total nitrogen (N) in each sample was estimated using a Leco FP-528 

combustion analyzer (Leco, Co., St. Joseph, MI; AOAC 1990). Crude protein was 

calculated as N x 6.25. NDF, ADF, and ADL were measured by sequential analysis using 

an Ankom 200 fiber analyzer (Ankom, Inc., Macedon, NY). Crude fat was measured 

using ether extract methods (described in Rothman et al in press). The presence or 

absence of condensed tannins was measured following procedures in Rothman et al 

(2006) using an acid-butanol assay with unheated controls for plant pigments (Porter et al 

1986). Rather than using an external standard in the assay, Dr. Rothman used a 

qualitative system to determine the presence or absence of condensed tannins (Rothman 

et al 2006). Condensed tannin quantities were not evaluated because this assay 

methodology requires internal standards to be developed for each plant species, which 

was not done for this preliminary analysis (Rothman et al 2006, Schofield et al 2001). 

 

Data analysis 

 

ANOVA were conducted using JMP (SAS Institute, Inc. 2010) to test for 

differences in nutritional content among species-specific plant parts (one-tailed, alpha 

level of p = 0.05). Figures were created using KaleidaGraph software (Synergy Software 
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2003) and Microsoft Excel 2003. One-tailed chi-square tests (alpha-level of p = .0.05) 

were conducted by hand to test for feeding selectivity. Two-tailed t-tests with alpha levels 

of p = 0.05 were conducted by hand to test if tree species dispersions deviated from 

random. 

 

Results 

 

Dietary summary 

 

Feeding data from all groups and for the entire study period demonstrate that 

young leaf parts compose the largest percentage of the URC diet (37.5%, n = 3012, Tab. 

42). The second and third most common feeding observations were of URC ingesting 

parts of unripe fruit (18.3%) and mature leaf parts (15.3%) (Tab. 42). Data from this 

study period suggest that the URC diet is a combination of folivory and granivory with 

young growth (i.e. young leaves, leaf buds, flower buds, flowers, and unripe fruit) 

comprising a large percentage of each group’s overall diet (between 67-75%, Tabs. 43 – 

46). 
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Table 42. URC dietary summary for all four groups combined. Food items are divided into broad 
and specific categories. Feeding observations from across groups and for the entire study period 
(May 2009 - March 2010) total 3012 known parts. 

Broad category Specific part n

% of diet 
specific 

part

% of diet      
broad 

category
Young leaves / vines young leaves 495 16.43 37.48

young leaflets (entire) 364 12.08 n = 1129
young leaves (entire) 103 3.42
young leaflets 66 2.19
young petioles 32 1.06
young rachis 19 0.63
young vine stalk 12 0.40
young leaf blade pieces 8 0.27
young leaf apex 6 0.20
young leaflet blades 6 0.20
young leaf part 5 0.17
young petiolules 4 0.13
young leaf basal end 3 0.10
young leaflet blade pieces 3 0.10
young leaf blades 1 0.03
young leaflet apex 1 0.03
young leaflet blades, excluding median vein 1 0.03

Mature leaves / vines mature petioles 272 9.03 15.34
mature leaf blade pieces 43 1.43 n = 462
mature leaves 42 1.39
mature leaf apex 38 1.26
mature petiolules 20 0.66
mature leaflets (entire) 17 0.56
mature leaf blades 5 0.17
mature leaflet median vein 5 0.17
mature leaflet apex 4 0.13
mature leaflet blade pieces 4 0.13
mature leaves (entire) 4 0.13
mature leaflets 3 0.10
mature leaf part 2 0.07
mature vine stalk 2 0.07
mature rachis 1 0.03  
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Broad category Specific part n

% of diet 
specific 

part

% of diet      
broad 

category
leaves, unknown age 162 5.38 10.62
leaf petioles, unknown age 54 1.79 n = 320
leaflets (entire), unknown age 24 0.80
leaflets, unknown age 21 0.70
leaflet petiolules, unknown age 13 0.43
leaf blade apex, unknown age 7 0.23
leaf blade pieces, unknown age 7 0.23
vine stalks, unknown age 7 0.23
leaf rachis, unknown age 6 0.20
leaves (entire), unknown age 4 0.13
median vein, unknown age 4 0.13
leaf blade, basal end, unknown age 3 0.10
leaflet apex excluding median vein, unknown age 2 0.07
leaf blade (excluding median vein), unknown age 2 0.07
leaf blade, unknown age 1 0.03
leaf parts, unknown age 1 0.03
leaflet blade perimeter, unknown age 1 0.03
leaflet blade pieces, unknown age 1 0.03

Leaf buds leaf buds 255 8.47 8.47
Buds, unknown type buds, unknown type 49 1.63 1.63
Flower buds flower buds 13 0.43 0.43
Flowers flowers (entire) 99 3.29 3.45

flower peduncle 3 0.10 n = 104
flower ovary and ovule 1 0.03
flower petals 1 0.03

Unripe fruit unripe seeds 438 14.54 18.53
unripe fruit 90 2.99 n = 558
unripe fruit (entire) 23 0.76
unripe fruit, excluding seeds 5 0.17
unripe fruit pieces 2 0.07

Ripe fruit fruit, ripe 2 0.07 0.10
fruit, almost ripe 1 0.03 n = 3
fruit, unknown ripeness 22 0.73 1.13
seeds, unknown ripeness 7 0.23 n = 34
fruit (entire), unknown ripeness 4 0.13
fruit pieces, unknown ripeness 1 0.03

Other termite/sawdust material 37 1.23 2.82
live branch pieces 29 0.96 n = 85
dead petiolules 5 0.17
riverbed soil 3 0.10
dead branch 3 0.10
bark (with or without insects) 2 0.07
dead petioles 2 0.07
live bark 1 0.03
small insects 1 0.03
branch growth (from dropped fruit) 1 0.03
dead bark 1 0.03

Leaves / vines, 
unknown age

Fruit, unknown 
ripeness
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Table 43. Dietary composition of Group 1 in Magombera Forest (May 2009 – February 2010). 
Food items are divided into broad and specific categories, total n = 1284. 

Broad category Specific part n

% of diet 
specific 

part

% of diet      
broad 

category
Young leaves / vines young leaves 168 13.08 29.44

young leaflets (entire) 135 10.51 n = 378
young leaves (entire) 35 2.73
young leaflets 14 1.09
young leaflet blades 6 0.47
young leaf blade pieces 5 0.39
young petioles 4 0.31
young vine stalk 4 0.31
young petiolules 3 0.23
young rachis 3 0.23
young leaflet apex 1 0.08

Mature leaves / vines mature petioles 152 11.84 19.24
mature leaves 30 2.34 n = 247
mature leaf blade pieces 29 2.26
mature leaf apex 22 1.71
mature leaflets (entire) 7 0.55
mature leaves (entire) 4 0.31
mature leaf blades 2 0.16
mature petiolules 1 0.08  
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Broad category Specific part n

% of diet 
specific 

part

% of diet      
broad 

category
leaves, unknown age 67 5.22 10.36
petioles, unknown age 28 2.18 n = 133
leaflets (entire), unknown age 7 0.55
leaf blade pieces, unknown age 6 0.47
leaflets, unknown age 6 0.47
leaf apex, unknown age 4 0.31
rachis, unknown age 4 0.31
leaf blade, basal end, unknown age 3 0.23
vine stalk, unknown age 3 0.23
leaves (entire), unknown age 2 0.16
petiolules, unknown age 2 0.16
leaf blade, unknown age 1 0.08

Leaf buds leaf buds 53 4.13 4.13
Buds, unknown type buds, unknown type 15 1.17 1.17
Flower buds flower buds 7 0.55 0.55
Flowers flowers 35 2.73 2.73
Unripe fruit unripe seeds 324 25.23 28.89

unripe fruit pieces 2 0.16 n = 371
unripe fruit (excluding seeds) 1 0.08
unripe fruit (entire) 22 1.71
unripe fruit 22 1.71
fruit, unknown ripeness 15 1.17 1.56
seeds, unknown ripeness 4 0.31 n = 20
fruit (entire), unknown ripeness 1 0.08

Other live branch pieces 8 0.62 1.95
termite / sawdust material 7 0.55 n = 25
dead branch 3 0.23
bark (with or without insects) 2 0.16
dead petioles 2 0.16
small insects 1 0.08
dead bark 1 0.08
branch growth (from dropped fruit) 1 0.08

Leaves / vines, 
unknown age

Fruit, unknown 
ripeness
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Table 44. Dietary composition of Group 2 in Magombera Forest (June 2009 – March 2010). 
Food items are divided into broad and specific categories, n = 877. 

Broad category Specific part n

% of diet 
specific 

part

% of diet      
broad 

category
Young leaves / vines young leaflets (entire) 175 19.95 40.82

young leaves 114 13.00
young leaves (entire) 29 3.31
young leaflets 16 1.82
young rachis 7 0.80
young vine stalk 5 0.57
young leaf part 3 0.34
young petioles 3 0.34
young leaf blade pieces 2 0.23
young leaf apex 2 0.23
young leaf blades 1 0.11
young leaflet blade pieces 1 0.11

Mature leaves / vines mature petioles 95 10.83 14.60
mature leaf blade apex 12 1.37
mature leaflets (entire) 10 1.14
mature leaves 4 0.46
mature leaflets 3 0.34
mature leaf blade pieces 2 0.23
mature vine stalk 2 0.23
leaves, unknown age 65 7.41 11.52
petioles, unknown age 13 1.48
leaflets (entire) unknown age 11 1.25
vine stalks, unknown age 4 0.46
leaflets, unknown age 3 0.34
leaf blade apex, unknown age 2 0.23
leaves (entire), unknown age 2 0.23
rachis, unknown age 1 0.11

Leaf buds leaf buds 83 9.46 9.46
Buds, unknown type buds, unknown type 4 0.46 0.46
Flower buds flower buds 2 0.23 0.23
Flowers flowers 33 3.76 4.10

flower ovary and ovule 1 0.11
flower petals 1 0.11
flower peduncle 1 0.11

Unripe fruit unripe seeds 90 10.26 15.05
unripe fruit 37 4.22
unripe fruit, excluding seeds 4 0.46
unripe fruit (entire) 1 0.11

Fruit, unknown 
ripeness seeds, unknown ripeness 2 0.23 0.23
Other termite / sawdust material 29 3.31 3.53

live branch pieces 2 0.23

Leaves / vines, 
unknown age

 



 

290 

Table 45. Dietary composition of the Hondo Hondo group in Mwanihana Forest (August 2009 – 
February 2010). Food items are divided into broad and specific categories, n = 524. 

Broad category Specific part n

% of diet 
specific 

part

% of diet      
broad 

category
Young leaves / vines young leaves 81 15.46 33.97

young leaflets (entire) 45 8.59
young leaflets 19 3.63
young leaves (entire) 10 1.91
young petioles 10 1.91
young rachis 8 1.53
young leaflet blade pieces 2 0.38
young leaflet blades, excluding median vein 1 0.19
young vine stalk 1 0.19
young leaf blade, basal end 1 0.19

Mature leaves / vines mature petioles 21 4.01 12.60
mature petiolules 19 3.63
mature leaf blade pieces 8 1.53
mature leaflet median vein 5 0.95
mature leaflet apex 4 0.76
mature leaf apex 2 0.38
mature leaf blade 2 0.38
mature leaf part 2 0.38
mature leaves 2 0.38
mature rachis 1 0.19
leaflets, unknown age 11 2.10 9.92
petiolules, unknown age 11 2.10
petioles, unknown age 9 1.72
leaves, unknown age 7 1.34
leaflets (entire), unknown age 6 1.15
median vein, unknown age 3 0.57
leaf blade (excluding median vein), unknown age 2 0.38
leaf blade pieces, unknown age 1 0.19
leaf parts, unknown age 1 0.19
rachis, unknown age 1 0.19

Leaf buds leaf buds 101 19.27 19.27
Buds, unknown type buds, unknown type 30 5.73 5.73
Flower buds flower buds 1 0.19 0.19
Flowers flower stems 1 0.19 5.53

flowers 28 5.34
Unripe fruit unripe fruit 25 4.77 9.35

unripe seeds 24 4.58
Ripe fruit fruit, almost ripe 1 0.19 0.19
Fruit, unknown 
ripeness fruit, unknown ripeness 6 1.15 1.15
Other dead petiolules 5 0.95 2.10

live branch pieces 4 0.76
live bark 1 0.19
termite / sawdust material 1 0.19

Leaves / vines, 
unknown age
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Table 46. Dietary composition of Campsite 3 groups of Mwanihana Forest (September 2009 – 
March 2010). Food items are divided into broad and specific categories, n = 327. 

Broad category Specific part n

% of diet 
specific 

part

% of diet      
broad 

category
Young leaves / vines young leaves 132 40.37 65.75

young leaves (entire) 29 8.87
young leaflets 17 5.20
young petioles 15 4.59
young leaflets (entire) 9 2.75
young leaf apex 4 1.22
young leaf, basal end 2 0.61
young vine stalk 2 0.61
young leaf pieces 2 0.61
young leaf blade pieces 1 0.31
young petiolules 1 0.31
young rachis 1 0.31

Mature leaves / vines mature leaves 6 1.83 6.42
mature leaf blade pieces 4 1.22
mature leaflet blade pieces 4 1.22
mature petioles 4 1.22
mature leaf blade apex 2 0.61
mature leaf blade 1 0.31
leaves, unknown age 23 7.03 10.40
petioles, unknown age 4 1.22
leaflet apex excluding median vein, unknown age 2 0.61
leaf apex, unknown age 1 0.31
leaflet blade perimeter, unknown age 1 0.31
leaflet blade pieces, unknown age 1 0.31
leaflets, unknown age 1 0.31
median vein, unknown age 1 0.31

Leaf buds leaf buds 18 5.50 5.50
Flower buds flower buds 3 0.92 0.92
Flowers flowers 3 0.92 1.22

flower peduncle 1 0.31
Unripe fruit unripe fruit 6 1.83 1.83
Ripe fruit ripe fruit 2 0.61 0.61

fruit (entire), unknown ripeness 3 0.92 1.83
fruit pieces, unknown ripeness 1 0.31
fruit, unknown age 1 0.31
seeds, unknown ripeness 1 0.31

Other live branch pieces 15 4.59 5.50
riverbed soil 3 0.92

Leaves / vines, 
unknown age

Fruit, unknown 
ripeness
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Comparison of specific parts ingested across URC gr oups 

 

Groups differed in dietary composition, and App. D shows a complete list of 

species-specific parts eaten by each group. Leaves comprised the majority of all groups’ 

diets, though the proportions of mature and young leaves differed (Tabs. 43 – 46). Young 

leaves comprised between 29 and 66% of groups’ overall diets whereas mature leaves 

comprised between 6 and 19%. Groups that consumed lower percentages of young leaves 

fed upon greater percentages of other young growth; proportions of young growth in the 

diet were similar among groups (67-75%).  

The most commonly ingested mature leaf part was the mature petiole/petiolule 

(Tabs. 43 – 46). For Group 1, Group 2, and the Hondo Hondo group mature leaf 

petioles/petiolules comprised between 7.6% and 11.9% of the diet. The Campsite 3 group 

consumed a smaller percentage of mature leaves than other groups and consumed a 

slightly greater percentage of entire mature leaves than mature leaf petioles (1.8% vs. 

1.2%). The most commonly eaten young leaf part was the entire young leaf. The URC 

often fed on young leaves so rapidly that it was difficult to identify whether the entire 

young leaf (young leaf blade + young leaf petiole) was consumed as opposed to only the 

leaf blade. In these instances of uncertainty, the observation was scored as “young 

leaves” rather than young leaf blade or entire young leaves. Most likely these 

observations were of entire young leaves being eaten.  

Across groups, the most commonly consumed unripe fruit parts were unripe seeds 

(Tabs. 43 - 46), but unripe fruit part consumption differed dramatically among groups 
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(Campsite 3: 1.8% of the diet, Hondo Hondo: 9.4%, Group 2 = 15.1%, and Group 1 = 

28.9%). One striking difference among groups is the large percentage of unripe seeds in 

Group 1’s diet (25.2% vs. 4.6% (Hondo Hondo group), 10.3% (Group 2), 0.0% 

(Campsite 3 groups)). For Magombera groups, Erythrophleum unripe seeds comprised 

100% of unripe seed feeding observations for Group 1 and Group 2. Despite the 

abundance of Erythrophleum being relatively similar within these groups’ home ranges 

(23% of food trees for Group 2 and 29% of food trees for Group 1), unripe seeds from 

Erythrophleum were more than two times as abundant in Group 1’s diet. No 

Erythrophleum were enumerated within the home ranges of Hondo Hondo group or 

Campsite 3 group, partly explaining these extreme dietary differences in unripe seed 

consumption among groups. 

 All groups’ diets contained a small percentage of materials of unknown nutritive 

value (1.2 – 5.5% of each group’s diet, Tabs. 43 - 46). The Hondo Hondo group, for 

example, ingested bark, termite/sawdust material, and live branch pieces (1.2% of the 

diet). Nutritional analyses of termite/sawdust materials found no significant abundances 

of macro- or micronutrients present (Dr. Jessica Rothman, pers. comm.). 

 

Temporal variation in plant part composition in the  diet 

 

Each group’s dietary composition varied throughout the study (Figs. 69 – 72). No 

plant part represented a consistent proportion of the diet throughout the study, with part 

compositions fluctuating among sample periods (most extreme fluctuation: 2-97%, young 
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leaves, Group 1). Group 2 and Group 1 in Magombera Forest were sampled more equally 

in each season than other groups due to differences in habituation time. Group 1 and 

Group 2 had higher percentages of unripe fruit, leaf buds, and mature leaves in their diets 

during the dry season (May – October 2009) than during the wet season (November 2009 

– March 2010). The percentage of young leaves and flowers in the diet were higher in the 

wet season than the dry season.  

 

 

Figure 69. Group 1 in Magombera Forest: temporal variation in diet composition. The percentage 
of each plant part in the diet was plotted throughout the study. The sample period is shown on the 
x-axis. This area chart displays the cumulative percentage of the diet represented by the following 
broad categories of plant parts: leaf buds (LB), young leaves (YL), mature leaves (ML), flower 
buds (FB), flowers (FL), unripe fruit (UF), and ripe fruit (RF). June – October 2009 represents the 
dry season and November 2009 – February 2010 represents the wet season. 
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Figure 70. Group 2 in Magombera Forest: temporal variation in diet composition. The percentage 
of each plant part in the diet was plotted throughout the study. The sample period is shown on the 
x-axis. This area chart displays the cumulative percentage of the diet represented by the following 
broad categories of plant parts: leaf buds (LB), young leaves (YL), mature leaves (ML), flower 
buds (FB), flowers (FL), unripe fruit (UF), and ripe fruit (RF). June – October 2009 represents the 
dry season and November 2009 – February 2010 represents the wet season. 
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Figure 71. The Hondo Hondo group in Mwanihana Forest: temporal variation in diet 
composition. The percentage of each plant part in the diet was plotted throughout the study. The 
sample period is shown on the x-axis. This area chart displays the cumulative percentage of the 
diet represented by the following broad categories of plant parts: leaf buds (LB), young leaves 
(YL), mature leaves (ML), flower buds (FB), flowers (FL), unripe fruit (UF), and ripe fruit (RF). 
September – October 2009 represents the dry season and November 2009 – February 2010 
represents the wet season. 
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Figure 72. Groups within Campsite 3’s home range in Mwanihana Forest: temporal variation in 
diet composition during the wet season (November 2009 – March 2010). The percentage of each 
plant part in the diet was plotted throughout the study. The sample period is shown on the x-axis. 
This area chart displays the cumulative percentage of the diet represented by the following broad 
categories of plant parts: leaf buds (LB), young leaves (YL), mature leaves (ML), flower buds 
(FB), flowers (FL), unripe fruit (UF), and ripe fruit (RF). 

 

The Hondo Hondo group’s diet stands out overall as having a distinctly different 

composition (Figs. 69 – 72) compared to other groups. The Hondo Hondo group ate a 

greater percentage of leaf buds and flowers than all other groups and a smaller percentage 

of young leaves during comparable months. Mature leaves represented a greater 

percentage of Hondo Hondo group’s diet in January and February compared to other 

groups. Hondo Hondo group consumed unripe fruit only in November and January and at 

higher percentages than other groups.   
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Interestingly, seasonal patterns of diet composition for the Hondo Hondo group 

were nearly opposite of the Magombera groups’ patterns (Figs. 69-71). Like Magombera 

groups, Hondo Hondo group fed upon a greater percentage of leaf buds in the dry season 

than in the wet season. Unlike the Magombera groups, the Hondo Hondo group ate a 

greater percentage of flowers in the dry season compared to the wet season. During the 

wet season, the Hondo Hondo group consumed a greater percentage of mature leaves and 

unripe fruit compared to the dry season. The percentage of young leaves in its diet was 

similar across seasons.  

Groups in the Campsite 3 home range were sampled only during the wet season 

and had the least amount of variation in dietary composition (Figs. 69 - 72). One 

explanation for this relatively consistent diet is the three-month sample period, which is 

short relative to other groups. However, during those same three months, other groups 

had more variable dietary compositions than the Campsite 3 groups. Group 2’s diet was 

the most similar in composition to the Campsite 3 groups’ diets, with young leaf parts 

comprising the majority of both groups’ diets during comparable periods; however, 

Group 2’s diet included less mature leaves and more flowers and unripe fruit. Compared 

to Campsite 3 groups, Group 1’s diet included greater proportions of unripe fruit, flowers, 

and mature leaves. The Hondo Hondo group included more unripe fruit, mature leaves, 

and leaf buds in its diet compared to Campsite 3 groups during comparable months. 

Campsite 3 groups’ diets differed from all other groups by incorporating a greater 

percentage of flower buds in their diet in March (compared with the February sample 
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period in other groups); unlike other groups, the Campsite 3 groups also fed upon ripe, 

winged seeds of Pteleopsis myrtifolia (a species that was present in all home ranges). 

 

Temporal variation in diet in relation to food tree  phenology 

 

While phytophase availability (presence/absence of a phytophase) explains some 

of the temporal variation in dietary composition, variation in the levels of phytophase 

abundances did not necessarily correlate with their proportions in the diet. In the URC, 

there was not a clear relationship between overall phytophase abundances and dietary 

composition. Figs. 42 - 44 (Ch. 4) show temporal variation in phytophase abundances of 

some food tree species across Group 1, Group 2, and the Hondo Hondo group’s home 

ranges. Fig. 73 shows a short-term comparative sample (November 2009, January 2010, 

and early March 2010) of phytophase abundances in the Campsite 3 groups’ home range.  
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Figure 73. Temporal variation in phytophase abundances of food tree species within Campsite 3 
groups’ home range. The sample period is shown on the x-axis. Average phytophase abundances 
on a scale of 0-4 are shown for leaf buds (LB), young leaves (YL), mature leaves (ML), flower 
buds (FB), and unripe fruit (UF) on the y-axis. An abundance score of 0 indicates that a tree 
expressed 0% of its potential for that phytophase during the assessment; 1 indicates 1-25%; 2 
indicates 26-50%, 3 indicates 51-75%, and 4 indicates 76-100%. Flower buds and ripe fruit 
abundances are not shown because their abundance scores across food trees were consistently 
zero. 

 

While the dietary compositions of Group 1, Group 2, and the Campsite 3 groups 

varied temporally and among groups (Figs. 69, 70, and 72), phytophase patterns between 

their home ranges did not vary to the same degree and were somewhat similar (Figs 42, 

43, and 73).  Only differences in flower abundances within these home ranges related to 

dietary compositional differences among these three groups from November 2009 – 

March 2010. Unripe fruit abundance, for example, did not differ in relation to dietary 

composition for Group 1 or Group 2 but did for the Campsite 3 groups. It is unclear why 
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there was a relationship between specific phytophase abundances and dietary 

composition for some groups but not others. Likewise, it is unclear why there was a 

relationship between phytophase abundance and consumption for some hypothetically 

nutritious phytophases and not others (e.g. flowers vs. leaf buds). Differences in tree 

species assemblages and densities among home ranges may explain some of these 

differences (discussed below). 

 Both dietary composition (of plant parts) and phytophase abundance patterns 

within the Hondo Hondo group’s home range varied substantially from those of other 

groups (Figs. 42 – 44 and 69 – 73). Comparing Hondo Hondo group and Campsite 3 

groups, young leaf abundances were higher in Campsite 3 group’s home range in 

November, but young leaf abundances increased in Hondo Hondo group’s home range in 

January and February, surpassing those in Campsite 3 group’s range (Fig. 73 vs. 44). This 

young leaf abundance fluctuation was not reflected in the dietary compositions of these 

groups; Hondo Hondo group consumed a smaller percentage of young leaves compared 

to the Campsite 3 groups regardless of phytophase abundance levels within its home 

range. Conversely, leaf bud abundances were higher within the Hondo Hondo group’s 

range, and this was reflected in the greater proportion of leaf buds included in the Hondo 

Hondo group’s diet. In both groups, the percentage of unripe fruit in their diets (from 

November – March) varied in relation to the unripe fruit abundances with their home 

ranges. 

Comparing phytophase abundances within Hondo Hondo group’s home range to 

those in Magombera groups’ home ranges (Group 1 and Group 2) shows, for example, 
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that the Hondo Hondo group had greater abundances of mature leaves regardless of 

sample period (Figs. 42 – 44). However, the percentage of mature leaves in Hondo 

Hondo group’s diet exceeded that of Magombera groups’ only in January and February 

2010 (Figs. 69 – 71). Leaf bud abundances were greater in Magombera groups’ home 

ranges except in November, but leaf buds comprised a larger percentage of Hondo Hondo 

group’s diet than either of the Magombera groups’ diets from September 2009 – February 

2010. 

These results suggest that variability in diet composition can be only partly 

explained by differences in food tree species’ phenology across home ranges. Additional 

correlates of dietary composition are considered below. 

 

Plant species selectivity 

 

Tree species most commonly consumed 

Data on feeding selectivity can be used to identify consistently and/or temporally 

important food species. The term “important” is used to describe species that represent a 

high percentage of the total diet throughout the study or during a specific monthly sample 

period. In this study, the URC fed upon some species more than others. URC fed on some 

species as would be expected based on those species’ relative abundances within the 

group’s home range but fed selectively or avoided other species more than expected. 

The plant species fed upon most frequently were identified from systematic 

observations of the four focal URC groups and several additional groups within the 
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Campsite 3 group’s home range. Eighteen plant species were eaten more than 50 times 

each (Tab. 47). Two of these common plant species were vines: Landolphia comorensis 

and Uncaria africana. L. comorensis was one of the ten most frequently eaten species for 

every group (Tab. 48 – 51). Overall, the monkeys were observed to feed upon at least 97 

plant species (App. C).  

 

Table 47. List of the plant species most frequently fed upon by all URC groups from May 2009 – 
March 2010. Data were collected systematically during focal follows. Only species that 
represented ≥ 50 feeding observations are listed. Several Ficus tree species were lumped in this 
analysis due to identification difficulties. 

Abundance 
rank Family Species Local name Type ª n diet %

1 Caesalpiniaceae Erythrophleum suaveolens mwahe T 845 24.3
2 Mimosaceae Albizia gummifera mtanga T 230 6.6
3 Anacardiaceae Sorindeia madagascariensis mpilipili T 169 4.9
4 Moraceae Antiaris toxicaria welwitschii msenda T 168 4.8
5 Ochnaceae Ochna holstii mkwaliti T 157 4.5
6 Combretaceae Pteleopsis myrtifolia mnepa T 154 4.4
7 Apocynaceae Landolphia comorensis mngombe vine C 129 3.7
8 Rhizophoraceae Cassipourea gummiflua msengela T 126 3.6
9 Sapotaceae Pachystela brevipes msambija T 123 3.5

10 Moraceae Ficus sp. mkuyu varieties T 110 3.2
11 Verbenaceae Vitex doniana mfulu T 103 3.0
12 Papilionaceae Dalbergia boehmii boehmii mswati T 97 2.8
13 Moraceae Treculia africana mnjaya T 93 2.7
14 Rubiaceae Uncaria africana tonasimba vine C 68 2.0
15 Meliaceae Khaya anthotheca mkangazi T 66 1.9
16 Annonaceae Xylopia parviflora mpoloto T 58 1.7
17 Annonaceae Parkia filicoidea mtanga kalala T 56 1.6
18 Meliaceae Trichilia dregeana mhubasi T 52 1.5  

ª T = tree, C = climber 

 

 Dietary composition varied across groups in terms of the most frequently eaten 

species. Erythrophleum suaveolens was eaten most frequently by both Magombera 

groups (Groups 1 and 2) and was the most abundant food tree species within Group 1’s 
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home range (Tabs. 16, 48-49). Within Group 1’s home range, the second and third most 

abundant food tree species were not commonly fed upon (Xylopia parviflora and 

Isoberlinia scheffleri). The fourth most abundant food tree species within the home range 

was the second most fed upon species (Ochna holstii) (Tabs. 16 and 48).  

 

Table 48. Plant species most frequently fed upon by Group 1 in Magombera Forest. Species that 
represented ≥ 20 feeding observations are listed, total feeding observations = 1511. 

Abundance 
rank Family Species Local name

Tree or 
Climber n diet %

1 Caesalpiniaceae Erythrophleum suaveolens mwahe T 516 34.1
2 Ochnaceae Ochna holstii mkwaliti T 146 9.7
3 Rhizophoraceae Cassipourea gummiflua msengela T 114 7.5
4 Combretaceae Pteleopsis myrtifolia mnepa T 109 7.2
5 Mimosaceae Albizia gummifera mtanga T 90 6.0
6 Papilionaceae Dalbergia boehmii boehmii mswati T 78 5.2
7 Verbenaceae Vitex doniana mfulu T 60 4.0
8 Annonaceae Xylopia parviflora mpoloto T 49 3.2
9 Apocynaceae Landolphia comorensis mngombe vine C 48 3.2

10 Annonaceae Parkia filicoidea mtanga kalala T 38 2.5
11 Moraceae Treculia africana mnjaya T 37 2.4
12 Rubiaceae Uncaria africana tonasimba vine C 33 2.2
13 Moraceae Milicia excelsa mvule T 27 1.8
14 Moraceae Ficus sp. mkuyu varieties T 25 1.7  

 

Table 49. Plant species most frequently fed upon by Group 2 in Magombera Forest. Species that 
represented ≥ 20 feeding observations are listed, total feeding observations = 1022. 

Abundance 
rank Family Species Local name

Tree or 
Climber n diet %

1 Caesalpiniaceae Erythrophleum suaveolens mwahe T 326 31.9
2 Mimosaceae Albizia gummifera mtanga T 105 10.3
3 Sapotaceae Pachystela brevipes msambija T 102 10.0
4 Moraceae Ficus sp. mkuyu varieties T 55 5.4
5 Verbenaceae Vitex doniana mfulu T 36 3.5
6 Caesalpiniaceae Isoberlinia scheffleri mgumegume T 32 3.1
7 Apocynaceae Landolphia comorensis mngombe vine C 31 3.0
8 Moraceae Treculia africana mnjaya T 30 2.9
9 Rubiaceae Uncaria africana tonasimba vine C 30 2.9

10
termite / sawdust 

material N/A 29 2.8
11 Combretaceae Pteleopsis myrtifolia mnepa T 21 2.1  
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Table 50. Plant species most frequently fed upon by Hondo Hondo group in Mwanihana Forest. 
Species that represented ≥ 10 feeding observations are listed, total feeding observations = 604. 

Abundance 
rank Family Species Local name

Tree or 
Climber n diet %

1 Anacardiaceae Sorindeia madagascariensis mpilipili T 144 23.8
2 Moraceae Antiaris toxicaria welwitschii msenda T 120 19.9
3 Meliaceae Trichilia dregeana mhubasi T 48 7.9
4 unknown unknown mpilipilidume T 46 7.6
5 Meliaceae Khaya anthotheca mkangazi T 29 4.8
6 Apocynaceae Landolphia comorensis mngombe vine C 25 4.1
7 Fabaceae Acacia polyacantha mtalula T 16 2.6
8 Fabaceae Xeroderris stuhlmannii mkrismas T 15 2.5
9 Annonaceae Parkia filicoidea mtanga kalala T 14 2.3
10 Mimosaceae Albizia gummifera mtanga T 13 2.2

11 Sapotaceae Malacantha alnifolia
mtumbako 

(fluted variety) T 11 1.8
12 Euphorbiaceae Ricinodendron heudelotii mwonowono T 11 1.8
13 unknown unknown mvanga T 10 1.7  

 

Table 51. Plant species most frequently fed upon by Campsite 3 group and other groups in 
Campsite 3’s home range in Mwanihana Forest. Species that represented ≥ 10 feeding 
observations are listed, total feeding observations = 382. 

Abundance 
rank Family Species Local name

Tree or 
Climber n diet %

1 Moraceae Antiaris toxicaria welwitschii msenda T 46 12.0
2 Moraceae Treculia africana mnjaya T 26 6.8
3 Apocynaceae Landolphia comorensis mngombe vine C 25 6.5
4 Moraceae Ficus sp. mkuyu varieties T 24 6.3
5 Anacardiaceae Sorindeia madagascariensis mpilipili T 22 5.8
6 Mimosaceae Albizia gummifera mtanga T 22 5.8
8 Moraceae Trilepisium madagascariense mfilafila T 21 5.5
8 Meliaceae Khaya anthotheca mkangazi T 21 5.5
8 Combretaceae Pteleopsis myrtifolia mnepa T 21 5.5

10 Euphorbiaceae Ricinodendron heudelotii mwonowono T 18 4.7
11 Lamiaceae Tectona grandis mtiki T 16 4.2

12 Apocynaceae Diplorhynchus condylocarpon
mtogo (small-
leaved variety) T 11 2.9

13.5 Sapotaceae Pachystela brevipes msambija T 10 2.6

13.5 unknown unknown
mtumbako 

(fourth variety) T 10 2.6  
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 Isoberlinia scheffleri was the most common food tree within Group 2’s home 

range in Magombera Forest, but was only the sixth most frequently fed upon species 

(Tabs. 17 and 49). The second most abundant food tree, E. suaveolens, was the most 

frequently consumed species. Three food tree species were tied as being the fourth most 

abundant trees within Group 2’s home range, and only two of those, Pachystela brevipes 

and Albizia gummifera, were commonly consumed.  

 The Hondo Hondo group most frequently fed upon Sorindeia madagascariensis, 

the most abundant tree within its home range. The second most frequently eaten species 

was the sixth most abundant (Antiaris toxicaria welwitschii). The third most frequently 

eaten tree species, Trichilia dregeana, was so rare that none were enumerated during 

transect surveys (Tab. 18 and 50). 

 The Campsite 3 groups fed upon Antiaris t. welwitschii most frequently, which 

was the most abundant food tree within that home range (Tab. 19 and 51). The second 

most abundant food tree was the tenth most frequently fed upon species, Ricinodendron 

heudelotii. Treculia africana was the second most fed upon and the third most common 

food tree within the home range. The Landolphia comorensis vine was the third most 

frequently fed upon species and was abundant within the home range. In fact, during 

transect surveys, 47 of the 87 food trees enumerated (54%) had this vine growing either 

on their trunks or crowns. 
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Using selection ratios to determine selected and avoided tree species 

 

Another method for comparing food tree abundances within groups’ home ranges 

and the frequency with which their species-specific parts were eaten is to calculate a 

selection ratio for each food tree species. A ratio above one indicates selectivity, a ratio 

of approximately one indicates no selection, and a ratio below one indicates avoidance. 

Chi-square results were used to determine whether species were significantly selected or 

avoided. 

For each group, selection ratios were calculated for the five most frequently eaten 

species and again for the five most abundant food tree species within the group’s home 

range. Even from this small sample, it is possible to identify avoided and selected species 

for each group (Tabs. 52 - 55). Group 1 in Magombera selectively fed on Cassipourea 

gummiflua (Tab. 52). Group 2 in Magombera fed selectively on species of Ficus and 

Vitex doniana (Tab. 53). While Vitex technically represented 0% of trees in the transect 

and mathematically a chi-square value cannot be calculated with a value of “0” in the 

expected column, one can hypothetically test whether this species was significantly 

selected by falsely using 1% as the observed abundance within the transect. In this 

example, even with a hypothetically increased abundance, the chi-square value for Vitex 

would be 6.25 (compared to the critical chi-square value of 3.84), suggesting that Group 

2 significantly and highly selected Vitex. In addition, there was a trend that Group 2 

selectively fed upon Albizia gummifera and Erythrophleum suaveolens (p-value = 0.07, 

Tab. 53). Interestingly, both Group 1 and Group 2 fed more selectively on particular 
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species with relatively low abundances within their home ranges. These neighboring 

groups significantly avoided the same two abundant species within their home ranges (X. 

parviflora and I. scheffleri, Tabs. 52 and 53).  

  

Table 52. Group 1 in Magombera Forest: Selection ratios (diet % / transect %) for the five most 
frequently eaten and five most abundant food tree species. Values above one demonstrate 
selective feeding and values below one indicate avoidance. Significance determined from χ2 tests. 
Dispersion was calculated from transect data by dividing the variance/mean for the five most 
frequently ingested food species. A score of less than one indicates a uniform distribution of the 
species within the home range. A score of greater than one indicates a clumped distribution of the 
species within the home range. 

Species Diet % Transect %
Selection 

ratio X²
Index of 

dispersion
Erythrophleum suaveolens 34.1 29.9 1.2 0.59 1.58

Ochna holstii 9.7 9.2 1 0.03 0.83
Cassipourea gummiflua 7.5 1.5 4.9 24.00*** 1.00

Pteleopsis myrtifolia 7.2 4.6 1.6 1.47 1.62
Albizia gummifera 6 6.2 1 0.01 1.41
Xylopia parviflora 3.2 18.5 0.2 12.65***

Isoberlinia scheffleri 0.3 10.8 0 10.21***  

*** = significant at p < 0.001 
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Table 53. Group 2 in Magombera Forest: Selection ratios (diet % / transect %) for the five most 
frequently eaten and five most abundant food tree species. Values above one demonstrate 
selective feeding and values below one indicate avoidance. Significance determined from χ2 tests. 
Dispersion was calculated from transect data by dividing the variance/mean for the five most 
frequently ingested food species. A score of less than one indicates a uniform distribution of the 
species within the home range. A score of greater than one indicates a clumped distribution of the 
species within the home range. 

Species Diet % Transect %
Selection 

ratio X²
Index of 

dispersion
Erythrophleum suaveolens 31.9 22.9 1.4 3.54† 0.87

Albizia gummifera 10.3 5.7 1.8 3.71† 0.90
Pachystela brevipes 10 5.7 1.7 3.24 0.90

Ficus sp. 5.4 1.4 3.8 11.43*** 1.00
Vitex doniana 3.5 0 3.5 *** 0.00

Isoberlinia scheffleri 3.1 50 0.1 43.99***
Xylopia parviflora 0.7 5.7 0.1 4.39*  

† = significant at p < 0.07 
* = significant at p < 0.05 
*** = significant at p < 0.001 

 

Table 54. Hondo Hondo group in Mwanihana Forest: Selection ratios (diet % / transect %) for 
the five most frequently eaten and five most abundant food tree species. Values above one 
demonstrate selective feeding and values below one indicate avoidance. Significance determined 
from χ2 tests. Dispersion was calculated from transect data by dividing the variance/mean for the 
five most frequently ingested food species. A score of less than one indicates a uniform 
distribution of the species within the home range. A score of greater than one indicates a clumped 
distribution of the species within the home range. 

Species Diet % Transect %
Selection 

ratio X²
Index of 

dispersion
Sorindeia madagascariensis 23.8 29.4 0.8 1.07 1.40
Antiaris toxicaria welwitschii 19.9 3.7 5.4 70.93*** 1.62

Trichilia dregeana 7.9 0 7.9 *** 0.00
mpilipili dume 7.6 3.7 2.1 4.11* 0.93

Khaya anthotheca 4.8 0 4.8 *** 0.00
Tectona grandis 0.3 18.5 0 17.90***

mvanga 1.7 14.8 0.1 11.60***
Diplorhynchus condylocarpon 0.7 8.6 0.1 7.26**  

* = significant at p < 0.05 
** = significant at p < 0.001 
*** = significant at p < 0.001 
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Table 55. Campsite 3 and other groups within that home range in Mwanihana Forest: Selection 
ratios (diet % / transect %) for the five most frequently eaten and five most abundant food tree 
species. Values above one demonstrate selective feeding and values below one indicate 
avoidance. Significance determined from χ

2 tests. Dispersion was calculated from transect data by 
dividing the variance/mean for the five most frequently ingested food species. A score of less 
than one indicates a uniform distribution of the species within the home range. A score of greater 
than one indicates a clumped distribution of the species within the home range. 

Species Diet % Transect %
Selection 

ratio X²
Index of 

dispersion

Antiaris toxicaria welwitschii 12 20.3 0.6 3.39† 1.70
Treculia africana 6.8 12.5 0.5 2.60 1.02

Ficus sp. 6.3 0 6.3 *** 0.00
Sorindeia madagascariensis 5.8 1.1 5 20.08*** 1.00

Albizia gummifera 5.8 4.7 1.2 0.26 0.93
Ricinodendron heudelotii 4.7 18.8 0.3 10.58***

mkole (fluted variety) 1 10.9 0.1 8.99***  

† = significant at p < 0.07 
*** = significant at p < 0.001 

 

 Comparing the selection ratios of groups in Mwanihana Forest shows that the 

Hondo Hondo group and the Campsite 3 groups fed with differing levels of selectivity 

towards particular species (Tabs. 54 – 55). Hondo Hondo group fed highly selectively on 

Antiaris t. welwitschii whereas there was a trend for the Campsite 3 groups to avoid it. 

Campsite 3 groups fed highly selectively on Sorindeia madagascariensis while the 

Hondo Hondo group neither selected nor avoided it.  

In addition, Mwanihana Forest groups selectivity fed on other food tree species. 

The Hondo Hondo group fed selectively on Trichilia dregeana, Khaya anthotheca, and 

an unknown species locally referred to mpilipili dume, while avoiding Tectona grandis, 

Diplorhynchus condylocarpon, and an unknown species locally referred to as mvanga or 

mtalandi. Groups within the Campsite 3 home range fed selectively on Ficus species 
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while avoiding Ricinodendron and an unknown species locally referred to as mkole 

(fluted variety). 

All four groups had a low abundance of Albizia gummifera within their home 

ranges. The abundance of Albizia was so low within the Hondo Hondo group’s home 

range that none were enumerated during transect surveys; however, a selection ratio for 

Albizia can be calculated using 2.2% for the dietary percentage. The selection ratio for 

the Hondo Hondo group was 2.2 (not significant, chi-square value = 1.33 falsely using 

1% as Albizia’s relative abundance). For other groups, the selection ratio for Albizia was 

lower, ranging from 1.0 to 1.8, and also not statistically significant, suggesting that all 

groups fed upon Albizia as expected based on its abundance. 

 

Temporal variation in most the frequently fed upon food species 

 

Groups in the Campsite 3 home range provided poor data for this comparison and 

were not considered in this section. After the Campsite 3 group shifted its home range to 

an unknown, different section of forest, dietary data were collected from other groups 

that utilized at least part of Campsite 3 group’s original home range. However, because 

these groups only overlapped with part of the original group’s home range, there was not 

consistency among sample periods in what areas were used across groups. There was no 

consistency among sample periods in the most commonly fed upon species, possibly due 

to differences in range utilization by these various groups. As a result, only data from 
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Hondo Hondo group in Mwanihana Forest and Groups 1 and 2 in Magombera Forest are 

reported below. 

 

Plant species that comprised at least 10% of a group’s diet during a sample period 

are shown in Tabs. 56-58. Each of these species differed in its contribution to the diet 

across sample periods. Some species were ingested regularly and frequently (e.g. 

Erythrophleum for Group 1 and Group 2, Sorindeia for the Hondo Hondo group). The 

two most common species across sample periods for each group represented significant 

percentages of the diet across study periods because the URC ingested multiple 

phytophases from these species: unripe fruit, flowers, leaf buds, young leaves, and/or 

mature leaves (primarily mature petioles).  Had monkeys ingested only young leaves, for 

example, the tree species’ contribution to the diet would be limited to only those months 

when it produced young leaves.  
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Table 56. Group 1 in Magombera Forest: temporal variation in plant species that comprised at 
least 10% of the diet during a sample period. Species are listed by decreasing importance (in 
terms of comprising the greatest percentage of the diet) with the species consumed across the 
greatest number of sample periods listed at the top. If the species comprised greater than 10% of 
the group’s diet during a sample period, the percentage that it represented in the diet is shown. 

6.11 6.20 7 9 10 11 1 2
Erythrophleum suaveolens 55.3 71.2 59.2 20.9 17.3 14.9 12
Pteleopsis myrtifolia 11.6 11.2 10.7
Ochna holstii 30.2 40.5
Albizia gummifera 19.1 12.8
Dalbergia boehmii boehmii 17 14.7
Cassipourea gummiflua 19
Treculia africana 18.6
Vitex doniana 16.2
Xylopia parviflora 13.7
Ekebergia capensis 13.7

Month.date
Species

 

 

Table 57. Group 2 in Magombera Forest: temporal variation in plant species that comprised at 
least 10% of the diet during a sample period. Species are listed by decreasing importance (in 
terms of comprising the greatest percentage of the diet) with the species consumed across the 
greatest number of sample periods listed at the top. If the species comprised greater than 10% of 
the group’s diet during a sample period, the percentage that it represented in the diet is shown. 

6.11 6.20 7 8 10 11 1 2
Erythrophleum suaveolens 51.8 45.9 38.6 48.5 38.8 11.3
Albizia gummifera 10.8 33.9 20.8 13.6
Pachystela brevipes 10.9 17.3 21.2
Khaya anthotheca 21.6
Milicia excelsa 16.1
Pteleopsis myrtifolia 15.9
Vitex doniana 15.9
Treculia africana 14.3
Ficus sp. 13.4
Isoberlinia scheffleri 12.5
Dalbergia boehmii boehmii 11.5
Uncaria africana 10.8
Landolphia comorensis 10.2

Month.date
Species
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Table 58. Hondo Hondo group in Mwanihana Forest: temporal variation in plant species that 
comprised at least 10% of the diet during a sample period. Species are listed by decreasing 
importance (in terms of comprising the greatest percentage of the diet) with the species consumed 
across the greatest number of sample periods listed at the top. If the species comprised greater 
than 10% of the group’s diet during a sample period, the percentage that it represented in the diet 
is shown. 

9 10 11 1 2
Sorindeia madagascariensis 38.9 25.2 41.2 33.6
Antiaris toxicaria welwitschii 44.4 16.5
mpilipili dume 13.4 26.4
Trichilia dregeana 28.8
Khaya anthotheca 12.7
Albizia gummifera 11.1
Xeroderris stuhlmannii 10.8

Month
Species

 

 

These data show that the most consistently “important” species included in the 

diets of Hondo Hondo group, Group 2, and Group 1 were some of the most abundant 

food trees within their home ranges. Sorindeia was the most abundant food tree within 

Hondo Hondo group’s home range and was the most consistently fed upon across 

months. Erythrophleum was the most abundant food tree within Group 1’s home range 

and was the second most abundant in Group 2’s range; both groups fed upon this species 

more consistently than any other species.  

Other plant species accounted for a large percentage of the diet during fewer 

sample periods (e.g. Trichilia for the Hondo Hondo group). This punctuated importance 

cannot be attributed only to variation in the availability of a selected phytophase. For 

example, Group 1 and Group 2 each consumed a large percentage of Treculia africana in 

only one month. Group 1 consumed unripe fruit and flower parts (November) whereas 

Group 2 consumed mature petioles (July). The mature leaves of this evergreen species 
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were available each month, but made up greater than 10% of the diet only during July. 

Unripe fruit, however, varied in availability and was only present at low abundances 

(pers. obs.; no phenology data available). 

 

Preliminary nutritional analyses 

 

A basic and preliminary nutritional analysis was conducted on Group 2’s 

(Magombera Forest) most frequently eaten food items in October 2009. In October, 

young growth composed the majority of the group’s diet (86.7%), and entire young 

leaflets and leaves from Erythrophleum and Pachystela dominated the diet (42.7% and 

16.7% of the diet respectively, Tabs. 57 and 59). (These percentages differ from Tab. 57 

because only known species-specific parts were considered in this analysis whereas in 

Tab. 57 all feeding scores for a species (including unknown parts) were included.) 

The following results should be interpreted carefully, as they seem to imply that 

mature leaves were more nutritious than young leaves (though this was true for one of the 

two mature leaf parts analyzed). However, this nutrient analysis included only species-

specific parts consumed by red colobus rather than comparing consumed vs. avoided 

species-specific parts. These mature leaves are representative only of mature leaf parts 

eaten rather than of mature leaf parts available. 

The average nutrient content of these 13 most common dietary items included, as 

a percentage of dry matter, a neutral detergent fiber (NDF) content of 53.6%, an acid 

detergent fiber (ADF) content of 43.5%, an acid detergent lignin (ADL) content of 
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24.2%, a crude protein (CP) content of 22.6%, and a crude fat (CF) content of 2.2% (Tab. 

59). Of the 13 species-specific parts from 10 plant species, condensed tannins were 

present in 12 species-specific parts and 9 species. Average protein content was similar in 

young leaves and mature leaf parts (22.7% vs. 22.4% respectively) while NDF, ADF, and 

ADL content were higher in the young leaves. 

The mean protein (CP) to fiber (ADF) ratio for all specimens was 0.57 ± 0.30, for 

young leaves was 0.52 ± 0.19, and for mature leaves was 0.84 ± 0.77 (Tab. 60). A within-

species comparison using Erythrophleum and Pachystela young leaves found that the 

protein to fiber ratio was higher in smaller (younger) leaves and a mixture of small, 

medium, and large leaves compared to a sample of large young leaves (Tab. 60). The 

protein to fiber ratio was not significantly greater in the two species which composed the 

majority of the diet (E. suaveolens and P. brevipes) compared with the eight other 

species: majority: 0.60 ± 0.17, minority: 0.55 ± 0.38.  

 

 



 

317 

Table 59. Nutritional composition of the most frequently consumed species-specific parts by 
Group 2 in Magombera Forest during the October 2009 sample period. Species are listed in order, 
with the most frequently consumed at the top and least frequently consumed at the bottom 
(feeding observations of known species-specific parts = 150). Except for tannin assessments, all 
nutrients are reported as a percentage of dry weight. NDF: neutral detergent fiber; ADF: acid 
detergent fiber; ADL: acid detergent lignin; CP: crude protein; CF: crude fat. Condensed tannins 
(TN): presence or absence. 

Species
Specific part 

analyzed NDF% ADF% ADL% CP% CF% TN

Erythrophleum 
suaveolens

young leaflets 
(entire) - all sizes 46.23 40.74 25.82 33.44 2.50 +

Erythrophleum 
suaveolens

young leaflets 
(entire) - large size 57.66 47.47 29.16 27.86 2.29 +

Erythrophleum 
suaveolens

young leaflets 
(entire) - medium 

size 53.03 46.53 31.30 32.24 2.57 +
Pachystela 
brevipes

young leaves 
(entire) - all sizes 55.32 46.68 30.33 21.56 3.36 +

Pachystela 
brevipes

young leaves 
(entire) - large size 58.09 48.41 29.88 20.04 3.12 +

kitambalongwenzi 
vine

young leaves 
(entire) 53.92 37.17 17.99 22.35 1.94 +

Vitex doniana
young leaflets 

(entire) 61.67 50.78 16.77 10.88 1.83 +
Tapura fischeri mature leaf apex 33.97 21.83 7.62 30.04 1.40 -

Albizia gummifera
young leaflets 

(entire) - all sizes 59.43 48.28 28.43 31.81 1.47 +

Khaya anthotheca
young leaflets 

(entire) 41.93 35.74 19.39 20.54 2.50 +
Landolphia sp. 

(kirkii?) - 
mngombe mpira 

vine
mature leaves - 

apex 59.46 49.93 31.69 14.68 3.34 +

Blighia unijugata
young leaflets  - 

apex 64.58 61.11 35.57 13.50 1.55 +
Cassipourea 
gummiflua

young leaves 
(entire) 51.54 31.07 10.18 15.16 1.01 +  

 

Though most studies compare CP:ADF across plant samples, the CP:ADL may be 

a better index of digestibility or quality than CP:ADF. Since lignin is indigestible (Harkin 
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1973; Waterman and Kool 1994), lignin content may correlate more closely with feeding 

selectivity than acid detergent fiber content which measures both cellulose and lignin. 

The mean CP:ADL ratio across samples varied extensively: all samples: 1.15 ± 0.90, 

young leaves: 0.96 ± 0.33, and mature leaves: 2.20 ± 2.46. There was no significant 

difference in CP:ADL ratios between the top two and bottom eight most ingested species 

(CP:ADL for top two species: 0.93 and for bottom eight species: 1.29; ANOVA, df = 12, 

F = 0.4715, p = 0.5065). However, crude fat content was significantly higher in the two 

most commonly eaten species compared with the eight other species: mean crude fat  = 

2.76% vs. 1.88% (ANOVA, df = 12, F = 5.80, p = 0.035). 

 

Table 60. Crude protein (CP) to acid detergent fiber (ADF) ratio and CP to acid detergent lignin 
(ADL) ratio of the species-specific food items most frequently fed upon by Group 2 (Magombera 
Forest) in October 2009. 

Species Specific part analyzed CP: ADF CP:ADL
Erythrophleum suaveolens young leaflets (entire) - all sizes 0.82 1.29

Erythrophleum suaveolens young leaflets (entire) - large size 0.59 0.96

Erythrophleum suaveolens young leaflets (entire) - medium size 0.69 1.03

Pachystela brevipes young leaves (entire) - all sizes 0.46 0.71

Pachystela brevipes young leaves (entire) - large size 0.41 0.67

kitambalongwenzi vine young leaves (entire) 0.60 1.24

Vitex doniana young leaflets (entire) 0.21 0.65

Tapura fischeri mature leaf apex 1.38 3.94

Albizia gummifera young leaflets (entire) - all sizes 0.66 1.12

Khaya anthotheca young leaflets (entire) 0.57 1.06

Landolphia sp. (kirkii?) - 
mngombe mpira vine mature leaves - apex 0.29 0.46

Blighia unijugata young leaflets  - apex 0.22 0.38

Cassipourea gummiflua young leaves (entire) 0.49 1.49

0.57 1.15

0.84 2.20

0.52 0.96

Mean
Mature leaf mean
Young leaf mean  
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Discussion  

 

Dietary composition across red colobus taxa 

 

The dietary composition of URC groups is generally similar to those of other red 

colobus taxa (Tab. 61). The three broad dietary categories that comprised the majority of 

the URC diet were young leaves (mean = 37.5%), unripe fruit (18.5%), and mature leaves 

(15.3%). Like other red colobus taxa, entire young leaves constituted the majority of the 

diet (except for the Fathala group of P. temminckii, Gatinot 1977, 1978 in Struhsaker 

2010).  

 

Table 61. Dietary composition (%) of the main food categories across red colobus taxa. Studies 
were included in this list only if the authors distinctly categorized unripe fruits. 

 

a = Struhsaker 2010; b = Mturi 1991; c = Siex 2003; d = Nowak 2007 (estimated 
from bar graphs); e = Marsh 1981a; f = Gatinot 1977, 78 from Struhsaker 2010 
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In many but not all red colobus taxa, mature petioles or petiolules comprised 

between half and the majority of mature leaf feeding observations rather than entire 

mature leaves. Notable exceptions are the URC Campsite 3 groups, Mturi’s (1991) forest 

groups of P. kirkii, and P. rufomitratus (Marsh 1981a) where mature petioles constituted 

a smaller percentage of mature leaf feeding observations (Tab. 61). The selectivity for 

mature leaf petioles over entire mature leaves may be explained by nutrient differences 

between these plant parts. For example, in an analysis of mature leaf blades and mature 

leaf petioles of Markhamia platycalyx, the crude protein to lignin ratios of these parts 

were similar (1.15 (mature leaves minus basal cm of petiole) vs. 1.20 (basal 5 cm of 

mature petiole). Fat and calcium content, however, were higher in the mature petioles 

than mature leaves (Fat:  0.81% in the basal 5 cm of the mature petiole and 0.52% in 

mature leaves minus the basal cm of petiole; calcium: 1.48 in the basal 5 cm of the 

mature petiole and 1.20 in mature leaves minus basal cm of petiole; Struhsaker 1975).  

Unripe fruit constitutes a considerable percentage of red colobus diets with some 

exceptions: URC Campsite 3 groups, the CW group (Struhsaker 2010), Siex’s (2003) 

shamba groups, and Nowak’s (2007) Kiwengwa and Uzi groups (Tab. 61). P. temminckii 

at Fathala consumed the highest percentage of unripe fruit (35.9%), with 18.5% being 

unripe seeds only (Tab. 61; Gatinot 1977, 78 from Struhsaker 2010). Of the URC groups, 

Group 1 ate a much greater percentage of unripe fruit than other groups. Differences in 

Erythrophleum density across home ranges may explain the variation in unripe seed 

consumption between Group 1 and groups in Mwanihana Forest but cannot explain the 

difference in unripe seed consumption between Group 2 and Group 1. Because 
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Erythrophleum fruited asynchronously, it is possible that unripe fruit were rarer in Group 

2’s home range even though tree densities were similar. However, phenology records 

report an absence of unripe fruit on Erythrophleum from June – October, when the 

majority of unripe fruits of this species were consumed in large amounts by Group 1 and 

Group 2; therefore, phenology records do not explain this inter-group difference in unripe 

seed consumption.  

 Other colobine studies also reported differences in dietary composition that 

related to variation in forest composition among home ranges. Some dietary differences 

between the RUL and CW group in Kibale, for instance, could be explained by 

differences in densities of specific trees within the groups’ home ranges (e.g. Morus, 

Struhsaker 2010). Dietary variation among groups may also be explained by differences 

in plant species assemblages across home ranges. Species not eaten frequently in one area 

may be heavily fed upon in other areas where fewer and/or different alternative food 

options are available (Struhsaker 2010). Other dietary differences, such as the greater 

frequency with which the RUL group ingested unripe seeds, could not be readily 

attributed to differences in species compositions (Struhsaker 2010). Eight neighboring 

groups of Colobus guereza in Kibale also varied in the proportions that specific plant 

parts represented in their diets. In many cases, these dietary differences were related to 

phenology differences and differences in the total basal area of specific food tree species 

among home ranges (Harris and Chapman 2007). 
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Temporal variation in dietary composition 

 

Red colobus dietary compositions vary temporally/monthly (this study, Marsh 

1981a, and Struhsaker 1975, 2010). For Tana River red colobus, young leaves comprised 

a large percentage of the diet overall, but this percentage varied each month from ~10 - 

60%. The percentage of young leaves in the diet was lowest during the dry season in June 

and July, and the percentage of unripe fruit in their diet was greatest in November and 

January (Marsh 1981a).  

In Kibale, red colobus diets varied temporally and sometimes in relation to 

seasonally available species-specific parts (e.g. Teclea flowers). Conversely, mature leaf 

abundances were not as variable, but mature leaf parts fell within the five most 

commonly ingested food categories in only two months: September 1970 and December 

1971 (data compared from September 1970 – March 1972, Struhsaker 1975). The most 

obvious explanation for this variation is temporal differences in phytophase abundances. 

Yet, phytophase abundances in general were not accurate correlates of dietary 

composition. Struhsaker (1975) argued that the asynchrony of phytophases within and 

between tree species would require a more substantial phenology assessment to 

determine correlations between phytophase abundances and consumption.  

The URC inhabit forests in a seasonal climate and experienced a dry season 

during this study period from May 2009 – October 2009 (Fig. 33, Ch. 4). Across climate 

regions, the length of the dry season is correlated with phenological seasonality (van 

Schaik and Pfannes 2005). In dry habitats, a flush of young leaves and flowers occurs in 



 

323 

response to water stress and relief, with young leaves becoming available around the 

onset of the wet season (van Schaik and Pfannes 2005). 

URC dietary compositions differed in relation to this phenological seasonality. 

The most commonly eaten phytophase was young leaves, and young leaves varied in 

availability and abundance throughout the study. Young leaves became available just 

prior to the onset of the wet season. As expected, the percentage of young leaves in the 

diet increased with this availability. However, once available (present in at least some 

food trees as opposed to completely absent according to phenology assessments), 

variation in young leaf abundance scores did not correlate with its dietary composition 

(e.g. Group 1: Fig. 42, Ch. 4 and Fig. 69).  Instead, young leaves comprised the largest 

percentage of the diet regardless of abundance fluctuations, indicating high selectivity for 

young leaves. For other phytophases, however, there was a relationship between 

fluctuations in phytophase abundances and consumption: flowers (all groups), unripe 

fruit (for Campsite 3 and Hondo Hondo groups only), and leaf buds (for Hondo Hondo 

group only).  

Overall, variability in phytophase abundances explained some but not all of the 

temporal and between-group variation in URC dietary composition. Others have reported 

a similar disconnect between temporal patterns of availability and consumption for 

specific phytophases in primates (Struhsaker 1975, Glander 1981, Marsh 1981a, 

Hemingway and Bynum 2005, Harris and Chapman 2007).  

 As in Struhsaker’s (1975) study, one methodological issue that may have 

contributed to this disconnect between URC dietary composition and phytophase 
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availability was the method used for estimating phytophase abundances. The phenology 

tree sample was small (10 trees for each of 10 species in Magombera Forest and 7 trees 

for each of 10 species in Mwanihana forest) and may have provided an unrefined 

understanding of availability in each home range. For example, Group 1 and Group 2 in 

Magombera Forest fed heavily on unripe seeds of Erythrophleum in June, but the 

phenology assessment reported that no Erythrophleum sample trees bore unripe fruit in 

June. A greater sampling intensity/effort of phenology trees may have provided more 

accurate data for determining relationships between phytophase abundances within a 

group’s home range and the plant-part composition of URC diets. 

While imperfect, these phytophase abundance data can be compared with dietary 

data as a method for assessing plant part selectivity. In the previous Erythrophleum 

example, red colobus fed selectively on unripe seeds relative to their abundance, 

suggesting that unripe seeds of Erythrophleum were dietarily important because 

Magombera Forest groups fed on these unripe seeds more than expected based on their 

abundance in a random sample of Erythrophleum. Another example is that, regardless of 

fluctuations in abundance level, most groups fed heavily on young leaves, suggesting that 

URC selectively fed on young leaves. 

 

Temporal variation in relative importance of food s pecies  

 

Some species varied temporally in their relative importance in URC groups’ diets 

(i.e. some species were important during only one or a few monthly sample periods). 
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Specific abundant species in the home range served as common URC food sources across 

many sample periods. From these species, the URC ate a variety of parts such as young 

leaves, mature petioles, unripe seeds, etc. For other species that were important in fewer 

months, the red colobus ate fewer parts (e.g. Group 1: unripe fruits of Ekebergia 

capensis, important species in February 2010 only). Similarly, Struhsaker (1975) reported 

that trees with food items that were produced out of phase with each other were important 

food species for the Kibale red colobus in a larger number of monthly sample periods.  

Factors in addition to density, phytophase availability, and phenological 

asynchrony must also relate to selectivity, however. For instance, Erythrophleum, the top 

food species for Group 1 and Group 2, produced phytophases asynchronously, but so did 

Lettowianthus stellatus. Both species were found at relatively high densities within Group 

1’s home range. However, Lettowianthus was avoided by Group 1, accounting for only 2 

feeding observations out of 1511 (0.13%), while representing 12% of all trees ≥ 20 cm 

DBH enumerated within its home range. Why did the URC avoid Lettowianthus when it 

was so common? The relatively short height of this species is unlike to explain why URC 

avoided it because groups descended to short trees frequently (pers. obs.). Most likely, 

Lettowianthus were less nutritious than other available species or had secondary plant 

compounds that were energetically expensive to digest and/or detoxify. The fact that 

selectivity is not necessarily related to a species’ abundance or phenology suggests that 

other factors such as nutrient balancing probably contribute to selectivity.  
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Food species selectivity  

 

Red colobus taxa feed upon a large number of species. In this study, the four focal 

groups and additional groups within Campsite 3’s home range fed upon at least 97 plant 

species. Group 1 fed upon at least 43 species, Group 2 at least 50 species, Hondo Hondo 

group at least 45 species, and the Campsite 3 groups at least 45 species. For comparison, 

the CW group in Kibale fed upon at least 62 during the first 19 months of study and 91-

167 during 119 additional months (Struhsaker 2010) (see also Tab. 41, Ch 5.). While 

dietary species richness is high and seems to be an important component of the URC 

feeding strategy (discussed below), species richness is a relatively uninformative measure 

as it includes species that were only sampled by group members and provides no 

information on the relative importance of particular species in terms of selectivity. 

In this study, URC groups fed selectively on particular species. In some cases, 

species-specific selectivity varied among groups. The same was true for the CW and 

RUL groups in Kibale. In both of these cases, selectivity may have differed among 

groups due to variation in habitat (i.e. species assemblages and abundances among the 

groups’ home ranges) (Struhsaker 2010). Furthermore, though a particular plant species 

may be present in the home ranges of two groups (“A” and “B”), selectivity differences 

of “species 1” among groups may be explained by a different “species 2” in Group A’s 

home range that meets the nutrient requirements typically fulfilled by “species 1” for 

Group B (Struhsaker 2010).   
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Support for this idea comes from comparing Tana River red colobus selectivity 

with URC selectivity (Tab. 62). Like the URC, the Tana River red colobus fed selectively 

on particular species (e.g. Ficus sycomorus) (Marsh 1981a). The M group’s home range 

had several tree species in common with the URC home ranges (e.g. Albizia gummifera 

and Pachystela brevipes). The selectivity index used by Marsh (1981a) produced 

dramatically different selection ratios than the index used in this and Struhsaker’s (2010) 

studies. Using the same selectivity equation as this URC study, comparisons can be made 

between selectivity in URC and Tana River red colobus (Tab. 62).  

 

Table 62. Comparison of selection ratios for tree genera common to both URC home ranges and 
the Tana River group M’s home range (Marsh 1981a). The selection ratio was calculated as the % 
of that species in the diet / % of trees of that species enumerated in the transect. Significant 
selectivity (above p = 0.05) is denoted with * (determined by χ

2 tests). 

Tana River
Group M Campsite 3 Hondo Hondo Group 1 Group 2

Sorindeia madagascariensis 5.0* 0.8 0.1* 0.1*
Sorindeia obtusifoliolata 1.0

Albizia gummifera 1.0 1.2 2.2% / 0% 1.0 1.8
Ficus sp. 12.8* 6.3* 1.0 1.1 3.8*

Pachystela brevipes 1.2 0.8 0.1* 1.7
Blighia unijugata 0.5 0.9 0.1* 0.1*

URC Group
Species

 

 

Results demonstrate that selectivity was not consistent across the five groups with 

the exception that no group fed selectively on Albizia gummifera. Campsite 3 groups fed 

selectively on Sorindeia while the Hondo Hondo group and Group M ate it as expected 

based on its abundance and Group 1 and Group 2 significantly avoided it. Three groups 

fed selectively on Ficus while two groups fed as expected. Most groups fed upon 
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Pachystela as expected whereas the Hondo Hondo group avoided it. Two groups avoided 

Blighia while two others fed as expected.  

This variation in selectivity supports the idea that plant species assemblages 

influence selectivity. Variable species compositions most likely influence nutrient 

balancing for each red colobus groups (discussed below under feeding strategies). In 

addition, selectivity may be influenced by micronutrient abundances which may differ 

among home ranges as a result of differences in soil composition, climate, and tree 

species assemblages (Harris and Chapman 2007). Differences in nutrient availability may 

influence selectivity towards particular species. For example, sodium is a limited 

micronutrient in Kibale’s vegetation (Rode et al 2003), and studies of Colobus guereza in 

Kibale have shown that groups selectively incorporate high-sodium items into their diet 

(Oates 1978, Harris and Chapman 2007). Future nutritional analysis of URC avoided and 

selected species-specific parts can be used to determine if nutrient limitations differ 

across home ranges. 

 

Feeding selectivity in relation to the nutrient and  chemical 
composition of plant parts 

 

As discussed in the introduction, the red colobus’ dietary strategy is predicted to 

include nutrient balancing. Nutrient balancing was evidenced by high food species 

richness and feeding selectivity. This section examines red colobus selectivity in terms of 
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nutritional qualities. I predicted that URC would select foods high in protein, high in fat, 

low in fiber, and without condensed tannins.  

These predictions have been upheld by other red colobus studies; young leaves, 

the red colobus’ primary dietary component, are more nutritious than mature leaves. 

Waterman and Kool (1994) found that the young leaves selectively fed on by colobines 

were more digestible, having higher protein to fiber ratios than mature leaves. Other 

studies confirm that young leaves generally have more protein, less fiber, and less lignin 

than mature leaves (Struhsaker 1975, Glander 1981, Mowry et al 1996, Chapman and 

Chapman 2002). These findings seem logical, as the proportion of structural components 

in a leaf increases with age (Fig. 74 from Belyae et al 1993). 

 

 

Figure 74. Structural differences between young leaves (early harvested forage) and mature 
leaves (late harvested forage) and the expected feeding behaviors associated with these 
differences, from Belyae et al 1993. 
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While red colobus do feed selectively on young leaves, Chapman and Chapman 

(2002) found no distinction between specific young leaves that were passed over by red 

colobus compared with those that were eaten in terms of protein, fiber, or total phenolic 

(including tannins) content, digestibility, or the presence/absence of saponins, hydrogen 

cyanide, or certain alkaloids. Similarly, Mowry et al (1996) found that red colobus fed on 

young leaves over mature leaves but that the proportion of species-specific young leaves 

in the diet was not correlated with the protein:ADF of the leaf. Instead, red colobus 

seemed to feed on young leaves that had a “threshold” ratio of protein to ADF of at least 

0.50.  In young leaves, the concentrations of secondary compounds, rather than their 

presence or absence, and critical macro- and micronutrients may better correlate with 

selectivity than protein:fiber alone. 

Primates are expected to selectively feed on plant parts with fewer chemical 

defenses (i.e. secondary compounds) (Glander 1982, Waterman and Kool 1994). In this 

URC study, condensed tannins were the only phenolics assessed, though many phenolics 

and other secondary compounds most likely affect feeding strategies. The most 

frequently eaten parts and all young leaf parts tested contained condensed tannin; only 

one sample of mature leaves from Tapura fischerii lacked condensed tannins. In other 

words, 92% or 12 of 13 species-specific parts consumed by URC contained condensed 

tannin. While the URC sample is comparatively small, the percentage of parts containing 

condensed tannins is high considering only 35% of gorilla food items contained 

condensed tannins (of 127 species-specific parts analyzed, Rothman et al 2006).  
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There are many possible explanations for why the URC do not avoid the presence 

of tannins. First, as discussed in detail by Waterman and Kool (1994) and Shimada 

(2006), proline-rich salivary proteins (a family of tannin-binding salivary proteins) have a 

high binding affinity to tannins, and, in fact, tannins preferentially bind to proline-rich 

salivary proteins over other proteins. The salivary proteins and tannins remain bound 

through the gastrointestinal tract, in most cases being excreted as bound complexes in the 

feces. This binding prevents tannins from interfering with other ingested proteins. In 

other words, these proline-rich may “deactivate” tannins, but at a cost; binding these 

proline-rich proteins may cause an endogenous nitrogen loss for the animal and reduce 

protein digestibility (reviewed by Shimada 2006). Since 70% of salivary proteins in 

humans are proline-rich (Mehansho et al 1987) and a variety of other animals produce 

these proteins (e.g. macaques, mice, hamsters) (Shimada 2006), it is possible that the red 

colobus also produce and utilize these salivary proteins (Struhsaker 2010). However, 

even if red colobus do produce these proteins, their effectiveness may be limited to 

certain concentrations of tannin, which may explain why C. guereza avoided species-

specific parts with high tannin concentrations but ingested parts with lower 

concentrations (Oates et al 1977). 

Second, plant secondary compounds do not affect all primates equally, meaning 

that some primate species may be deterred by secondary compounds that are present in 

common foods of other primate species. It is possible that red colobus may not be 

deterred by tannin content because their digestive system may efficiently degrade these 

specific compounds (Glander 1982).  
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Third, only the presence or absence of condensed tannins was measured in this 

study, and the actual amounts of tannins in these specimens may have been low. The 

benefits of the other nutrients in the species-specific parts analyzed may have outweighed 

the energetic cost of “deactivating” the condensed tannins (Glander 1982, Waterman and 

Kool 1994). Supporting evidence comes from Colobus guereza which selectively fed on 

food items with lower tannin concentrations; while tannin was present, it was not 

necessarily a feeding deterrent (Oates et al 1977). 

Alternatively, tannins do not always function as antifeedants. Tannins can 

sometimes enhance (rather than slow) the rate at which protein is hydrolyzed when 

surfactant substances disrupt tannin-protein complexes (Waterman and Kool 1994). 

Furthermore, tannins can sometimes function as detoxifying agents for alkaloids which 

they precipitate (Freeland and Janzen 1974). 

 In this preliminary study, only the most commonly ingested species-specific parts 

in the URC’s diet were analyzed. No comparison can be made between avoided and 

selected species-specific parts. However, some interesting conclusions can be drawn. 

Like the Tana River red colobus (Mowry et al 1996), the URC primary fed on young 

leaves with an average CP:ADF of 0.52 (Tab. 61). There was no significant difference in 

mean CP:ADF between part samples from the two most common species (0.60) and the 

bottom eight species (0.55). While CP:ADF is comparable between Tana River red 

colobus (Mowry et al 1996) and URC food samples, red colobus in Kibale ingested more 

nutritious young leaves (crude protein/crude fiber = 2.8 in young leaf lamina of Celtis 

durandii, one of the most commonly ingested species) (Struhsaker 1975). Howling 
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monkeys, conversely, ingested young leaves with lower CP:ADF (mean = 0.36) (Glander 

1981). 

Crude fat content is not commonly reported for leaf samples (but see Struhsaker 

1975), but the energetic returns from fat are higher than those of protein (Lambert 2007). 

Therefore, if there is species-specific variation in fat content among leaves, red colobus 

should be expected to select species with higher fat content. In this study, the percentage 

of crude fat was higher in young leaves of the two most frequently eaten species 

compared with eight other food species. Average fat content was higher (2.8%) in the 

URC’s two most important species (which represented the top five species-specific parts 

ingested, Fig. 59) than in two of the Kibale red colobus’ important food species, Celtis 

and Markhamia (mean fat: 1.1%) (Struhsaker 1975). These data suggest that fat could be 

another important nutrient related to selectivity in the URC. 

Like the Tana River red colobus and mantled howling monkeys, the small 

percentage of mature leaves that were included in the URC’s diet had high nutrient 

values, similar to or exceeding those of the young leaves ingested (Glander 1981, Mowry 

et al 1996). For example, URC ate only the mature leaf apex of Tapura. This species-

specific part had the highest CP:ADF of all specimens analyzed (1.38) and was the only 

specimen that did not contain condensed tannins. Yet, the URC also ate the mature leaves 

of a Landolphia vine which had one of the lowest CP:ADF of all analyzed specimens 

(0.29). In terms of dietary importance, however, Landolphia mature leaves composed 

only 1.1% of the diet in October whereas the Tapura mature leaf apex composed 4.2%. 

Additionally, Landolphia was common throughout the home range whereas Tapura was 



 

334 

so rare that none were enumerated during transect surveys of Group 2’s home range. In 

other words, selectivity for Tapura was high (selection ratio for October: ~4.2), which 

may be explained by its high nutrient content.  

Finally, it is interesting that most red colobus taxa ingest a small percentage of 

wooded, soil, termite, and charcoal material. These materials represented between 1.2 – 

5.5% of the URC groups’ diets. In P. kirkii, this material composed 7.6% of the diets for 

groups living on agricultural crops and 1.6% for groups living in Jozani forest (Siex 

2003). Together, bark and soil comprised only 0.4% of the Tana River red colobus’ diet 

(Marsh 1981a). In Kibale, red colobus ate bark (Struhsaker 1975) and soil from termite 

castings at openings to subterranean nests (Struhsaker 2010). Termite tunnels were also 

consumed by P. badius in Tai Forest, P. temminckii in Senegal (Struhsaker 1975), and P. 

temminckii in Abuko (Starin 1991).  

Of these items, the charcoal eaten by P. kirkii has been the best studied. The 

purpose of ingesting charcoal seems to be detoxification by the process of adsorbing 

phenolics (Cooney and Struhsaker 1997). Alternatively to detoxification, wooded and 

termite materials may function dietarily as antacids, antidiarrhoeals (Krishnamani and 

Mahaney 2000), or critical sources of macro- or micronutrients (Krishnamani and 

Mahaney 2000, Harris and Chapman 2007, Struhsaker 2010). Sodium, for instance, is a 

limited micronutrient in Kibale (Rode et al 2003), so herbivores in Kibale would be 

expected to selectively feed on food items with high sodium content. As expected, a 

group of Colobus guereza in Kibale fed selectively on an aquatic herb that had higher 
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concentrations of sodium, iron, manganese, and zinc than other herbs analyzed (Oates 

78). 

For the URC, however, there were no significant concentrations of any macro- or 

micronutrients in the termite/sawdust materials or riverbed soil they ate. Instead, as 

argued by Struhsaker (2010) in regards to charcoal and Oates (1978) in regards to clay, 

these materials may serve as detoxifying agents for plant secondary compounds via 

adsorption. 

 

URC dietary strategy 

 

The wide distribution of red colobus taxa (including the URC) across many 

habitat types of differing levels of degradation (Struhsaker et al 2004, Nowak 2007, 

Struhsaker 2010), the large number of species and species-specific parts consumed by 

URC, and the temporal variability of important plant species-specific parts in the diet 

suggest that URC are generalist herbivores (Cody 1974). Rather than specializing and 

ingesting large amounts of a few secondary compounds, dietary data from this study 

suggest that URC consume small amounts of many plant secondary compounds (Freeland 

and Janzen 1974, Oates 1987).  

Udzungwa red colobus feeding selectivity (which varied both temporally and by 

species-specific part), high dietary species richness, and termite tunnel consumption 

indicate that nutrient balancing is an important component of the red colobus feeding 

strategy. Nutrient balancing allows for maximizing intake, nutrient acquisition across 
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multiple food sources, and reducing the impact of particular secondary compounds on 

nutrient uptake and digestion (Freeland and Janzen 1974, Westoby 1974, Glander 1982, 

Waterman and Kool 1994, Chapman and Chapman 2002, Shimada 2006, Struhsaker 

2010).  

Research on other herbivorous mammals has shown that dietary switching (i.e. 

changing between food types) functions to maximize food intake (Wiggins et al 2006). 

When food choice was restricted, possums reduced their number of visits to their food 

source, number of switches between food types, and rate of intake. In this possum study, 

experiment sessions were performed on short time scales, suggesting that dietary 

switching was a mechanism for coping with plant secondary compounds rather than only 

in response to a nutrient deficiency (Wiggins et al 2006). These results demonstrate the 

importance of food species diversity and richness in the home ranges of generalist 

herbivores such as red colobus for the purposes of maximizing food intake while dealing 

with the effects of plant secondary compounds on digestion. 

For small or medium-sized primates like the red colobus, it is also important to 

consider that dietary selectivity and diversity may be critical for complete nutrient 

acquisition because leaves can potentially fill the stomach quickly when NDF content is 

high (Schroeder 1994), allowing a monkey to become full before consuming a balanced 

diet. In order words, diversity may be important for achieving a complement of nutrients 

while minimizing the digestive-inhibiting or toxic effects of NDF, ADF, ADL, and high 

concentrations of specific secondary compounds (Freeland and Janzen 1974, Westoby 

1974, Chapman and Chapman 2002, Struhsaker 2010). 
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Conclusion 

 

The URC diet is most accurately classified as a mixture of folivory and granivory 

with entire young leaves, unripe seeds, and mature leaf petioles constituting the majority 

of the diet. The colobine’s specialized digestive physiology (e.g. multi-chambered 

stomach and resident bacterial colonies) accommodates this diet (Kay and Davies 1994).  

Behavioral observations paired with preliminary nutritional results suggest that 

part of the URC’s dietary strategy involves selecting species-specific parts with high 

energetic returns: foods with a high percentage of fat and with a high ratio of crude 

protein to acid detergent fiber that exceeds Mowry et al’s (1996) proposed 0.50 quality 

threshold. One species-specific part ingested by Group 2 had a high selectivity ratio and 

the highest CP:ADF compared to other parts analyzed, indicating that CP:ADF is an 

important component to a high quality diet for the URC. While mature leaves are 

generally less nutritious than young leaves, red colobus fed selectively on some mature 

leaf parts that shared qualities typical of young leaves: a higher CP:ADF.  

This preliminary study of nutrition tested for the presence of condensed tannins in 

URC species-specific food parts but did not address the role of other plant secondary 

compounds in URC selectivity. The presence of condensed tannin in food sources did not 

deter red colobus, though it is possible that the actual amount of tannin may influence red 

colobus selectivity as it does in Colobus guereza (Oates et al 1977). Though detailed data 

on secondary compound concentrations are still required, analyses of termite tunnels, 

sawdust materials, and soil eaten by URC suggest that red colobus may ingest these for 
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detoxification purposes rather than nutrient supplementation. Overall, a high quality diet 

for the URC seems to include high protein and fat content and perhaps low levels of 

secondary compounds. 

Species richness in the URC diet was large, including at least 97 species of plants. 

Each group ingested between 40 and 53 species at minimum. These data suggest that red 

colobus necessarily incorporate a large number of species or a diverse mixture of species 

in their diets to achieve a balance of nutrients, including the avoidance of large 

concentrations of specific secondary compounds that may act as toxins or digestive-

inhibitors (Freeland and Janzen 1974, Westoby 1974, Glander 1982, Oates 1987, 

Struhsaker 2010). Dietary diversity or species richness may be an integral component of 

their feeding strategy. The fact that groups had high feeding selectivity ratios for specific 

and less abundant plant parts provides additional support for this argument. 

The relative proportions of specific plant parts and species in the diet varied 

temporally and were only partly explained by seasonal phenological patterns. In 

Magombera Forest, groups consumed unripe seeds, leaf buds, and mature leaves during 

the dry season. However, once young leaves became available near the onset of the wet 

season, the groups’ dietary patterns switched, and young leaves dominated their diets 

regardless of fluctuations in young leaf abundance throughout the home range.  

Data on phytophase abundances and dietary composition provide a tool for 

determining selectivity for specific plant parts. Parts that are fed on selectively will 

replace other available parts in terms of dietary composition once they become available 

and regardless of variation in their abundances. These complementary data sets suggest 
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that red colobus dietary strategies involve high selectivity for young leaves in the wet 

season (except Hondo Hondo group) and high selectivity for unripe fruit in the dry season 

(for Magombera groups only). Red colobus avoided mature leaves relative to their 

abundance and consumed some young growth phytophases approximately as expected 

based on their abundances: flowers (all groups), unripe fruit (Hondo Hondo and Campsite 

3 groups only), and leaf buds (Hondo Hondo group only). 

In summary, vegetative data (i.e. phenology data and transect data used to 

determine plant species assemblages), behavioral data, and preliminary nutritional data 

all suggest that red colobus are generalist herbivores that rely on nutrient balancing as an 

important component of their dietary strategy. 

 

A more refined understanding of the URC’s dietary selectivity can be achieved 

through detailed nutritional analyses of both selected and avoided species-specific plant 

parts. Ideally, nutritional data would be collected over the period of at least one year 

rather than only one month as was done here. From longitudinal behavioral, 

phenological, and nutritional data, the nutrient and chemical (i.e. secondary compound) 

correlates of behavior can be better assessed, and the relationship between phytophase 

abundances and dietary composition can be thoroughly examined in relation to URC 

dietary strategies. In addition to determining concentrations of specific nutrients and 

chemicals, Glander (1981) emphasized that any possible biological interactions of these 

components should also be taken into consideration. 
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Conservation application 

 

At minimum, the two most frequently eaten plant species by each of the four focal 

URC groups should be given conservation priority: Erythrophleum suaveolens, Albizia 

gummifera, Sorindeia madagascariensis, Antiaris toxicaria welwitschii, Ochna holstii, 

and Treculia africana. When considering only the two species that are most common in 

the diet across sampling periods (i.e. consistently “important”) for each group, this 

conservation-priority list of tree species varies slightly: Erythrophleum suaveolens, 

Albizia gummifera, Sorindeia madagascariensis, Antiaris toxicaria welwitschii, 

Pteleopsis myrtifolia, and Trilepisium madagascariense. These species are especially 

important due to their occurrence across multiple groups’ home ranges (except for two: 

Trilepisium madagascariense and Ochna holstii). Equally important to forest species 

composition is forest size: protected areas must be large enough to support a viable 

subpopulation of URC. 

However, data from this study and others on red colobus dietary selectivity, 

richness, and diversity indicate that tree species diversity and richness may be just as 

important to their conservation. Assigning legal protection to only a few tree species 

opens the forest to selective logging and pole extraction. Pole extraction limits forest 

regeneration whereas logged forests have decreased tree density, size, species diversity, 

species richness, and fruit and young leaf production. Logging intensity also correlates 

with lower red colobus densities and small group sizes (Struhsaker 1997). Furthermore, 

demographic studies demonstrate that red colobus survivorship is lower in more degraded 
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habitats (Struhsaker et al 2004, Marshall et al 2005), and while the exact cause of this 

decreased survivorship is unknown, it is likely related to reduced food tree density, 

diversity, and/or basal area (Struhsaker 1997). Given these data, the most effective way to 

conserve not only the red colobus but also their ecosystem is establishing immediate 

protective status and associated law enforcement of forests across the URC’s geographic 

range. 
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7. Conclusion 

 

In this dissertation, I evaluated the ecological correlates of behavior in the IUCN-

endangered Udzungwa red colobus monkey (URC) endemic to the Udzungwa Mountains 

and surrounding forests of south-central Tanzania. The broad goal of this dissertation was 

to determine how ecological variables such as weather and vegetative characteristics 

within URC groups’ home ranges correlated with home range size, daily travel distance, 

activity budget, and diet.  

In this final chapter of the dissertation, I summarize the major findings and 

conclusions of this behavioral ecology study of the Udzungwa red colobus monkey 

(URC). I first summarize how methodological differences for measuring ranging 

behavior yield different results. Then behavioral data on home range, DTD, activity 

budget, and diet are summarized and used to develop hypotheses about URC energetic 

and dietary strategies. The ecological-constraints model was tested as a model for 

explaining daily travel distance (DTD) variation and proved to be insufficient for 

explaining the multiple, complex factors that correlate with DTD in the URC. Finally, I 

make conservation recommendations for the URC based on this study.  

 



 

343 

How methods for measuring ranging behavior influence 
ecological interpretations 

 

Methods used for measuring primate ranging behavior can affect our results and 

interpretation of home range use/requirements and comparisons between studies. In Ch. 2 

of this dissertation, I demonstrated how new methods for measuring DTD and home 

range size can provide more representative estimates of these ranging statistics than the 

conventional methods.  

The novel Multiple Travel Paths method for estimating DTD improved upon the 

conventional Center of Mass method. Estimations of DTD were consistently and 

significantly underestimated when calculated using the Center of Mass method compared 

with the Multiple Travel Paths method. The degree that the Center of Mass 

underestimated DTD related to 1) how often groups divided into multiple paths while 

traveling and 2) visibility within each home range. Another benefit of the Multiple 

Travels Paths method is that location data points always represented locations of 

monkeys whereas Center of Mass data points could fall within the center of a dispersed 

group of monkeys where no monkey was physically located. In other words, Center of 

Mass points can provide less accurate data for making ecological interpretations about 

areas of use on a fine scale. 

Overall, the Multiple Travel Paths method provides better data for various 

assessments: 1) determining specific areas used and avoided by groups for ecological 

interpretations, 2) approximating energy expenditure, 3) testing foraging models, 4) 
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determining ecological correlates with behavior, and 5) comparing DTD across multiple 

studies to test ecological hypotheses. However, logistical difficulties associated with this 

new method – including requiring multiple observers and being time-intensive – suggest 

that the Center of Mass method may be more practical in some scenarios. Furthermore, 

the Center of Mass method may provide relatively similar estimates of DTD to the 

Multiple Travel Path method when used for smaller groups, groups with limited travel 

pathways, or groups that rarely utilize multiple travel paths.  

The novel Behavior-corrected Polygon method was introduced as a method for 

estimating home range size and was compared with the conventional Minimum Convex 

Polygon and Quadrat methods. Compared to the conventional methods, the Behavior-

corrected Polygon method excluded the largest lacunae (unused areas) from the home 

range estimate.   

None of these home range methods is necessarily superior, but methods differ in 

accuracy for answering specific questions. The Behavior-corrected Polygon method is 

best for conducting ecological assessments of a group’s home range because areas the 

group entered and avoided within its home range border can be identified. Subsequent 

ecological surveys of these areas can identify possible correlates of use or avoidance. The 

Quadrat method is useful for ecological assessments or conservation planning, though not 

all trees within the quadrats were necessarily entered by the study group. However, many 

corrections have been designed to further reduce the lacunae included in quadrats (see 

Struhsaker 1975) and could provide similar estimates of home range size to those made 

using Behavior-corrected Polygon methods.  
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The Minimum Convex Polygon method determines the border of a group’s home 

range and makes no attempt at excluding lacunae from the interior of that border. This 

method is best for determining the group’s space requirements. All forests are 

heterogeneous, and regardless of forest quality or location, a group will encounter a forest 

patch that it won’t use for whatever reason. Knowing the space requirements of a species 

is necessary for developing appropriate conservation strategies. For the same reason, the 

Minimum Convex Polygon method is also best for making population density 

estimations. Areas of forest are not equally used by red colobus, but density estimates are 

typically made by extrapolating home range data from one small area to characterize the 

entire forested area.  

When comparing ranging behavior among studies, researchers often expect intra- 

or interspecific variation. However, the variation introduced by the method used may 

mask the variance explained by ecological/biological differences. The most accurate 

comparisons can be made between studies which employ identical methods. Most useful 

would be if researchers reported multiple estimations of home range size using multiple 

methods so that researchers could determine which value is most appropriate to use based 

on research scope. 
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Ecological correlates of behavior in the URC 

 

Testing the hypotheses and predictions associated with each chapter demonsrated 

that intra- and intergroup behavioral variation correlated with specific ecological 

variables. In the following sections, the major correlates are summarized.  

 

Home range size and overlap 

 

I hypothesized that home range size in red colobus is dependent upon food 

resources. Supporting evidence for this hypothesis comes from studies that found that 

colobines fed selectively on species-specific food parts, making food characteristics 

important components of a high-quality home range (e.g. Struhsaker 1975, 2010, Marsh 

1981a, Mowry et al 1996, Chapman and Chapman 2002). However, URC home range 

size was more than a function of simplistic measures of abundances and number of 

species: most gross measures of food characteristics used in this study, such as total basal 

area of food trees and food tree density, were not correlates of home range size. Because 

differences among groups in home range size and characteristics were relatively small, 

determining how gross ecological variables relate to home range size must be examined 

at a broader scale. However, some methodological improvements, such as a larger sample 

of trees and food species in the phenology assessments, might provide a better 

understanding of food availability within the habitat and how this correlates with home 

range size.  
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Several measures of habitat quality correlated with URC home range size. Food 

tree species diversity within the home range was negatively correlated with home range 

size in several red colobus taxa; home range sizes were smaller in areas with greater food 

species diversity. A comparison of selectivity and dispersion of the five most frequently 

consumed food species demonstrated that home range size may be related to highly 

selective feeding behavior; the two groups that fed selectively on a greater number of 

species had larger home ranges. These findings suggest that the home range size is 

related more to the feeding selectivity and the diversity food trees than gross vegetative 

measures or food quantity. 

URC home range sizes were relatively small and ranged in size from 8.8 ha to 

20.8 ha, depending upon the group and the method used.  The extent that groups shared 

their home range differed among groups. In Mwanihana Forest, Hondo Hondo group 

shared only 1% of its home range. In Magombera Forest, Group 1 shared 22% of its 

home range, and Group 2 shared 60.4% of its home range. Home range overlap may 

differ among groups and populations for at least two reasons. First, the majority of Group 

2’s overlap was with a smaller Group 3 (14 individuals), and adult females in Group 3 

may have been investigating immigration options into Group 2. Second, Group 3 

followed Group 2 in a period of time surrounding one leopard sighting and one successful 

predation of a Group 3 adult by a leopard, suggesting that predation threat may drive 

intergroup encounters and home range overlap.  
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Daily travel distance (DTD) 

 

I hypothesized that URC DTD would depend upon habitat variables. I predicted 

that 1) as food availability increased, DTD would decrease, 2) as preferred, seasonal 

phytophases became abundant, DTD would decrease, 3) as the size of food trees 

increased, DTD would decrease, 4) as temperature and humidity increased, DTD would 

decrease, and 5) as dietary diversity increased, DTD would increase. 

Data supported the second and partly supported the fourth predictions. Regardless 

of sample period, the majority of the URC diet was composed of young plant parts (Ch. 

6). For Group 1, Group 2, and the Campsite 3 group, young growth phytophases within 

their home ranges had a relatively synchronized availability and then a high peak in 

abundance during October/November. For these groups, DTD was significantly shorter 

during October and November. In the Hondo Hondo group’s home range, young growth 

abundances were less synchronized, did not have a pronounced peak, and were lower 

than abundances in other home ranges. The Hondo Hondo group’s DTD did not differ 

temporally in relation to known food variables and was long relative to other groups 

throughout the study period. These data suggest that the Hondo Hondo group traveled 

longer distances each day relative to other groups in order to maintain a high abundance 

of young growth in its diet in a habitat where young growth was less abundant.  

As discussed above, shorter DTDs were associated with groups who occupied 

home ranges with higher abundances of young growth. Coinciding with this high peak in 

young growth abundance and drop in DTD is higher daily maximum temperatures. The 
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percentage of time that a group spent resting was also positively correlated with 

temperature. Taken together, these data suggest that groups may reduce DTD and spend 

more time resting on warmer days in order to avoid hyperthermia. However, there was 

not a correlation across the entire study period between DTD and temperature, and this 

finding might be explained by phenology. It is possible that when young growth was 

abundant, groups met their dietary requirements in shorter distances. However, when 

young growth abundance declined while temperatures were still relatively high, groups 

traveled longer distances than in October and November but during cooler times of day. 

Activity budget data confirm that during the warmer wet season, groups spent the 

majority of the day and early afternoon resting. These data suggest that URC modify their 

behavior, including DTD, when temperatures are high in order to meet their minimum 

nutritional requirements while avoiding hyperthermia. 

Qualitative comparisons suggested that DTD may increase as food tree density 

within the home range increases. In this study, the Hondo Hondo group had the longest 

DTDs and the highest density of food trees within its home range. Yet, the Hondo Hondo 

group’s food trees were smaller in diameter than other groups’ food trees. Because food 

tree diameter is roughly proportional to potential productivity (Chapman et al 1992, 

Peper et al 2001), the Hondo Hondo group may have traveled through many small trees 

in order to reach larger and more productive trees, increasing the group’s DTD relative to 

other groups.  

There was no correlation between DTD and overall estimated food 

availability/quantity, food availability/quantity of the two most frequently eaten food 
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species, group size, dietary diversity, rainfall, or temperature. Also, DTD did not differ 

significantly between days with or without intergroup encounters. There were apparently 

spurious correlations of DTD with minimum relative humidity and dietary diversity for 

only one group.  

The ecological-constraints model, which has been employed in other studies (e.g. 

Gillespie and Chapman 2001, Snaith and Chapman 2008) to explain variation in red 

colobus DTD, was not supported. Proponents of this model argue that DTD will increase 

with group size due to increased intragroup feeding competition. However, in this study 

group size explained only 4% of the variance in DTD, and a model testing the 

relationship between group size and food availability with DTD explained only 8% of the 

variance in DTD. In particular, data from the Campsite 3 group contradict the predictions 

of the model; Campsite 3 had the largest group size but the shortest mean DTD and 

lowest mean food availability.  

Overall, DTD data suggest that URC ranging behavior was associated with many 

variables that have complex interactions. Temperature, for example, was higher in 

October and November when DTD was reduced, but there was not a direct correlation 

between temperature and DTD due to behavioral modifications during hotter months with 

lower young growth abundances. 

In addition, food quantity (determined by the quantity index) was not correlated 

with DTD in this study, perhaps because behavior associated with nutrient balancing 

correlate with DTD better than food quantity alone or perhaps because the methodology 

used to assess food quantity was too simplistic. 
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Social interactions have also been shown to correlate with DTD, specifically 

intergroup encounters, intergroup aggression, intragroup aggression, and mate 

competition (Isbell 1983, Struhsaker 1975, Struhsaker 2010). Basic intergroup encounters 

did not correlate with DTD. While there may be a relationship between intra- or 

intergroup aggression and DTD, records were not kept of the aggressive interactions that 

occurred during this study. Future research on social interactions and specific dietary 

components will add to our understanding of the ecological and social correlates with 

DTD.  

 

Activity budget 

 

I hypothesized that activity budget would depend upon group demography and 

ecological variables. I predicted that groups with larger proportions of dependents would 

allocate more time to play behavior than groups with relatively fewer dependents. I also 

expected that groups with larger proportions of adult females would allocate more time to 

grooming and feeding than groups with relatively fewer adult females. In relation to 

weather, I predicted that, for thermoregulatory reasons, 1) as temperatures decreased, 

groups would allocate more time to feeding and less time to resting and 2) groups would 

allocate more time to feeding on rainy days than non rainy days. In relation to food 

variables, I predicted that as food availability increased, groups would allocate less time 

to moving and more time to feeding.  
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 Several of these predictions were supported. Differences in age-sex composition 

among groups related to activity budget differences. Females allocated significantly more 

time to social grooming than adult males. I had difficulty distinguishing between adult 

males and females and, as a consequence, it was not possible to compare them in terms of 

feeding behavior. Groups with a larger proportion of dependents spent significantly more 

time engaged in playing and clinging behaviors. 

 There were also seasonal differences in activity budget that related to 

demography. During the wet season, dependents allocated significantly more time to play 

behaviors. Some groups allocated more time to resting during the wet season, which may 

have provided more opportunities for infants and juveniles to play. These seasonal 

differences in play were only significant for the Hondo Hondo group and Group 2, 

perhaps because they had more dependents than Group 1. However, the Hondo Hondo 

group did not rest significantly more during the wet season indicating that increased 

resting behavior is not necessarily associated with increased play behavior. 

As temperature increased, groups allocated more time to resting and less time to 

feeding. Groups may have rested more during the warmer temperatures to avoid 

hyperthermia. It is unclear why relative minimum humidity negatively correlated with the 

percentage of time spent resting. Rainfall did not correlate with activity budget; this may 

be related to the historically low amount of rain that fell during the study period.  

 There was a negative correlation between food availability/quantity and the 

percentage of time spent feeding. There was an even stronger relationship between food 

availability of the top two food species and the percentage of time spent feeding. There 
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are at least three possible reasons why food availability may negatively correlate with 

time spent feeding. First, groups may feed less when food availability is high because 

food choices are greater, allowing groups to choose higher quality foods. Second, average 

food availability was lower during the dry season when unripe seeds from tough pods 

(Erythrophleum suaveolens) were one of the main plant parts ingested. When food 

availability was higher, young leaves were the main plant part eaten. Magombera groups 

may have spent more time feeding because unripe seeds required longer processing and 

handling times than young leaves. While I did not systematically estimate rate of food 

intake, red colobus sometimes consumed young leaves very rapidly whereas unripe fruits 

took longer to process. As Marsh (1981c) stated, feeding time is not necessarily 

representative of food intake, suggesting that total food intake may have been similar 

across seasons for URC. Third, the percentage of time spent feeding and resting were 

inversely correlated. Groups spent more time resting when temperatures were warmer, 

meaning that groups must have spent less time feeding when temperatures were warmer. 

Because average food availability was higher in the wet season when the average 

temperatures were higher, URC groups may have fed less in the wet season in relation to 

thermoregulatory demands rather than food availability.   

There were noteworthy differences in activity budget among groups that most 

likely related to home range differences (discussed in the DTD section). The Hondo 

Hondo group in Mwanihana Forest had lower abundances of young growth in their home 

range but maintained a diet composed primarily of young growth, similar to other groups. 

While other groups reduced their DTDs in association with higher temperatures and 
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higher young growth abundances, the Hondo Hondo group maintained longer DTD 

perhaps in order to meet its nutritional requirements in a home range with lower 

abundance scores. Activity budget data support this idea. While other groups allocated 

more time to resting in the wet season (warmer temperatures) than the dry season (cooler 

temperatures), the percentage of time spent resting in the Hondo Hondo group did not 

differ by season. Likewise, the percentage of time spent feeding did not differ as greatly 

between the wet and dry season for the Hondo Hondo group as it did for Group 1 and 

Group 2. 

 

Diet 

 

Detailed feeding observations and preliminary nutritional analyses were used to 

develop an understanding of what constitutes a high quality diet for the URC and how 

ecological and nutritional factors relate to URC diet. These data were used to make 

interpretations about URC dietary strategies.  

I hypothesized that 1) species-specific parts consumed by URC would be 

dependent upon the plant species assemblages within their home ranges, 2) the proportion 

of plant phytophases consumed would be dependent upon food tree phenology, 3) the 

URC would employ a feeding strategy rather than feeding randomly with the prediction 

that red colobus would employ a generalist feeding strategy to achieve sufficient nutrient 

balancing, and 4) selection of species-specific parts would depend upon their nutritional 

qualities.  
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The three primary components of the URC diet were young leaves (37.5%), 

unripe fruit (18.3%, primarily unripe seeds), and mature leaf parts (15.3%, primarily 

petioles), suggesting that the red colobus diet is best classified as a mixture of folivory 

and granivory. The proportions of these plant parts differed within each group’s diet and 

were partly related to variation in forest composition among home ranges. However, 

some differences in dietary composition could not be explained. For example, Group 1 

ingested a much greater percentage of unripe fruit than other groups, and 100% of the 

unripe seeds consumed were Erythrophleum. Differences in Erythrophleum abundance 

across home ranges explained the variation in unripe seed consumption between Group 1 

and groups in Mwanihana Forest but could not explain why Group 2 consumed fewer 

unripe seeds than Group 1.  

Species richness in the URC diet was large, including at least 97 species of plants. 

Each group ingested between 40 and 53 species at minimum. This suggests that red 

colobus may necessarily incorporate a large number of species or a diverse mixture of 

species in their diets to achieve adequate nutrient balancing. Under this interpretation, 

dietary diversity or switching between food types (Wiggins et al 2006) may be an integral 

component of their dietary strategy. Species-specific eaten relatively infrequently and/or 

during few sample periods (e.g. Group 1: unripe fruits of Ekebergia capensis, top food 

species in February 2010 only) may have provided critical nutrients that were unavailable 

in the most abundant species or provided an alternative composition of secondary 

compounds. The fact that groups had high feeding selectivity ratios for specific and less 

abundant plant parts provides additional support for this argument. 
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Feeding selectivity ratios demonstrated that the URC fed selectivity on particular 

species. However, this selectivity varied among groups, even in regards to the same 

species. Variability in selectivity can be explained in part by differences in species 

composition among home ranges. Even though a particular plant species may be present 

in the home ranges of two groups (“A” and “B”), selectivity differences of “species 1” 

among groups may be explained by a different “species 2” in Group A’s home range that 

meets the nutrient requirements typically fulfilled by “species 1” for Group B (Struhsaker 

2010). Differences in nutrient availability among home ranges may also influence 

selectivity towards particular plant species (Oates 1978, Harris and Chapman 2007). 

The relative proportions of specific plant parts and species in the diet varied, both 

by group and temporally, and were only partly explained by food tree phenology. In 

Magombera Forest, groups consumed unripe seeds, leaf buds, and mature leaves during 

the dry season. However, once young leaves became available near the onset of the wet 

season, the groups’ dietary composition switched, and young leaves dominated their diets 

regardless of fluctuations in young leaf abundance throughout the home range. 

Interestingly, seasonal patterns of diet composition for the Hondo Hondo group were 

nearly opposite of the Magombera groups’ patterns. Like Magombera groups, Hondo 

Hondo group ingested a greater percentage of leaf buds in the dry season than in the wet 

season. Unlike the Magombera groups, the Hondo Hondo group consumed a greater 

percentage of mature leaves and unripe fruit in the wet season compared to the dry 

season, and the percentage of young leaves in its diet was similar across seasons.  
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One methodological issue that may have influenced this disconnect between URC 

dietary composition and phytophase availability, was the small sample size in terms of 

both number of trees and number of species included in the phenology sample. A greater 

sampling intensity of phenology trees would provide more accurate data for determining 

relationships between phytophase abundance within a group’s home range and the plant-

part composition of URC diets. 

In a preliminary nutrient analysis, only the most commonly ingested species-

specific parts of Group 2’s diet during October 2009 were analyzed. No comparative data 

were collected for avoided species-specific parts. However, some interesting conclusions 

were drawn. Like the Tana River red colobus, the URC primary fed on young leaves with 

an average crude protein to acid detergent fiber ratio (CP:ADF) of 0.52. The URC also 

fed highly selectively on one mature leaf part with the highest CP:ADF and CP:ADL out 

of all 13 plant samples. Species-specific parts of the two most frequently eaten species 

had significantly higher fat content than species-specific parts that contributed less to the 

diet, implying that fat content may be a significant component of a high-quality diet for 

URC as well as the CP:ADF.  

Contrary to my prediction, condensed tannins were present in all of the plant 

samples analyzed except for one sample. Tannins may not function as antifeedants for red 

colobus, and many possible reasons for this are discussed in Ch. 6. However, evidence 

from this study suggests that URC encounter and ingest secondary compounds that are 

challenging to digest. Termite/sawdust materials and soil ingested by the focal group 

were not particularly abundant in any macro- or micronutrients, indicating that red 
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colobus may ingest these non-nutritive materials for detoxification purposes rather than 

nutrient supplementation. 

  

URC dietary strategies 

 

Data from this study and others suggest that URC are generalist herbivores. URC 

feeding selectivity (which varied both temporally and by species-specific part), high 

dietary species richness, and termite tunnel consumption indicate that nutrient balancing 

is an important component of the red colobus feeding strategy. Nutrient balancing allows 

for maximizing intake, nutrient acquisition across multiple food sources, and reducing the 

impact of particular secondary compounds on nutrient uptake and digestion (Freeland and 

Janzen 1974, Westoby 1974, Glander 1982, Waterman and Kool 1994, Chapman and 

Chapman 2002, Wiggins et al 2006, Shimada 2006, Struhsaker 2010).  

 

URC energetic strategies 

 

Data from this study suggest that URC energetic strategies involve balancing 

thermoregulation (minimizing energy expenditure) with maximizing energy intake. 

Magombera groups spent significantly less time resting and more time feeding during the 

dry season when unripe seeds – a typically high energy food item (Dasilva 1992, Lambert 

2007) – comprised a large percentage of the diet. DTD and time spent moving did not 

differ between wet and dry seasons, suggesting that energy expended during travel did 
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not differ seasonally. Magombera groups allocated significantly more time to resting and 

less time to feeding during the wet season when young leaves were the primary food and 

temperatures were highest. These groups also significantly reduced their DTDs in 

October and November when young growth abundances within their home ranges peaked 

and temperatures were highest. Behavior in the dry season may have maximized energy 

intake while behavior in the wet season may have minimized energy expenditure to avoid 

hyperthermia.  

The Hondo Hondo group’s behavior and energetic strategy significantly differed 

from the Magombera groups’ strategy, and characteristics about the Hondo Hondo 

group’s home range may explain some of these differences. Young growth phytophases 

did not peak in Hondo Hondo group’s home range like they did in Magombera Forest, yet 

the group maintained a high abundance of young growth phytophases in its diet in every 

sample period. The Hondo Hondo group’s DTD and percentage of time spent resting did 

not decrease in relation to higher temperatures. The lower abundances of young growth 

phytophases may have necessitated longer DTDs and less time resting in order to meet 

their minimum dietary requirements. Meeting nutrient and caloric requirement may have 

outweighed the risk of hyperthermia for this group. 

 

Conservation recommendations for the URC 

 

An overarching theme of this dissertation is that food variables are significant and 

important correlates of URC behavior. Factors like food species diversity within the 
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home range and feeding selectivity for specific and often rare plant species indicates that 

food diversity may be an important component of a high quality red colobus diet that is 

not well understood.  

A better understanding of dietary requirements and interactions among secondary 

compounds and nutrient components will provide a tool with which to continually 

evaluate habitat suitability and habitat quality for this endangered primate. As suggested 

by Lambert (2007), if specific nutrients are found as limited or particularly important, 

plants containing those nutrients should be given specific conservation priority. However, 

detailed nutritional information has not been evaluated for the vast majority of tree 

species ingested and utilized by red colobus. Future efforts in URC conservation should 

focus on nutrition as an avenue of research. 

Given the dietary data reported in this dissertation, conservation recommendations 

for this species include at least giving conservation priority to the two most common food 

species of the four focal URC groups: Erythrophleum suaveolens, Albizia gummifera, 

Sorindeia madagascariensis, Antiaris toxicaria welwitschii, Ochna holstii, and Treculia 

africana. When considering only the two species that are most common in the diet across 

sampling periods for each group, this priority list of conservation tree species varies 

slightly: Erythrophleum suaveolens, Albizia gummifera, Sorindeia madagascariensis, 

Antiaris toxicaria welwitschii, Pteleopsis myrtifolia, and Trilepisium madagascariense. 

These species are especially important due to their occurrence across multiple groups’ 

home ranges (except for two: Trilepisium madagascariense and Ochna holstii).  
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Ideally, however, the red colobus’ entire ecosystem should be preserved. 

Selective logging and resource exploitation reduce species diversity, tree density, and 

food availability (Struhsaker 1997) and should be banned, especially in the URC’s last 

remaining forest refuges like Magombera Forest. Detailed longitudinal studies of the 

impacts of selective logging in Kibale report disastrous declines (3-4 fold) in primate 

densities in association with heavy logging and 1.2-1.5 fold declines associated with light 

selective logging (Struhsaker 1997). Risking these population declines in an already 

endangered species would jeopardize its conservation prospects at least on a local (forest) 

level. Also, hunting pressure in unprotected forests in the Udzungwas has increased over 

the past ten years, leading to the local near-extinction of the Udzungwa red colobus in 

another Udzungwa forest (Udzungwa Scarp Forest Reserve) (Rovero et al 2012). The 

best prospect for conserving the red colobus and their habitats is strict and immediate 

legal protection and law enforcement in these remaining forests. These actions would of 

course benefit other endangered, endemic species in these forests as well. 

Forest size must be taken into consideration as a critical component of any 

conservation strategy. Protected areas must be large enough to support viable 

subpopulations of URC. While the boundary of the Udzungwa Mountains National Park 

is large (1990 km2, not taking forest coverage into consideration (Struhsaker 2005, 

2010)), it is composed of several smaller (~100 km2), disconnected forests, and beyond 

the park’s boundary, small subpopulations of URC are distributed throughout isolated 

forests. One of the goals of designing and managing disconnected protected areas like 

these is to establish or maintain gene flow between subpopulations inhabiting forest 
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patches. As part the SLOSS debate, which weighs the benefits and costs of having a 

“single large or several small” protected areas, Simberloff and Abele (1976) argue that 

there are benefits to have several smaller protected areas, but corridors connecting these 

areas can serve to maintain genetic diversity within and between subpopulations 

(Harrison 1992). 

While logistically unlikely, it would be beneficial for the URC subpopulation in 

Magombera Forest if forest regeneration was encouraged, creating a corridor between 

Magombera Forest and Mwanihana Forest, which are currently separated by 7 km of 

agricultural land. Red colobus DTDs do not exceed 7 km, meaning that Magombera 

groups will not readily disperse across the corridor and into Mwanihana. As a result, an 

effective red colobus corridor must be large enough for URC to reside there semi-

permanently. The minimum width of this proposed corridor should be equal in diameter 

to the mean URC home range size plus a border to mitigate edge effects (Harrison 1992). 

Using home range data from the Hondo Hondo group (20.8 ha minimum convex 

polygon), the diameter of the group’s home range is 515 m. Adding an additional 100 m 

diameter to account for edge effects means creating a protected corridor area of (0.615 

km x 7 km = ) 4.3 km2 or 430 ha between Mwanihana and Magombera. 

If forest regeneration did occur, the corridor should allow for movement of URC 

between these forests. Red colobus in Kanyawara, Kibale, Uganda increasingly 

incorporated regenerating forest into their home range over a number of years, supporting 

the idea that red colobus can selectively utilize parts of regenerating forest (Struhsaker 

2010). Not only would this corridor allow gene flow between the now-isolated 
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Magombera population and the Mwanihana population of red colobus, but this corridor 

would also function to mitigate the human-wildlife conflict that surrounds elephants 

migrating between the Selous Game Reserve and Udzungwa forests (Mduma et al 2010).  

Additional forest regeneration should be encouraged between Magombera Forest 

and the Selous Game Reserve as well. Lawmakers should implement their original 

annexation plans of Magombera Forest to the Selous Game Reserve (Marshall 2008b, 

Struhsaker 2005, 2010), which would offer protection against the increasing level of 

habitat degradation occurring within Magombera annually. 

Trends in climate change are another factor to consider when developing 

conservation strategies and tactics for the URC. Climate change can influence tree 

species diversity and abundance within a forest. Tropical tree species are adapted to a 

limited seasonal variation in temperature, and unprecedented temperature increases may 

exceed the tolerance level for many tropical trees (Wright et al 2009), with the potential 

for localized extinctions of some tree species. If global temperatures increase as projected 

by climate change models (e.g. New et al 2011), these higher annual averages may have 

long-term negative effects on URC health and survival prospects. Groups of URC 

allocated less time to feeding and traveled significantly shorter distances on warmer days, 

perhaps to avoid hyperthermia. If the percentage of time spent feeding does relate to food 

and nutrient intake, then extended periods of higher temperatures may decrease the 

overall health and long-term survival prospects for the URC. 

 In addition, temperature changes have historically correlated with latitudinal 

shifts of forested areas, with forest boundaries moving poleward by as many as 100 km 
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for every 1°C of long-term global warming (Peters 1988). Shifts in forest coverage will 

be problematic from a conservation perspective because 1) changing the boundaries of 

protected areas will be virtually impossible in most areas due to personal land leases and 

2) forested areas outside of protective boundaries have been virtually eliminated.  

Forest coverage also shifts altitudinally in relation to temperature. The lower 

altitudinal limits of forests are expected to rise by approximately 200 m for every 1°C of 

long-term global warming (Houghton et al 1996). As discussed briefly in Ch. 1, the 

Udzungwa Mountains are a long-term forest refuge and have remained forested 

throughout major climatic fluctuations. The geographic location of the Udzungwas and 

their large altitudinal range may reduce the impact of this aspect of global warming on 

some URC subpopulations. However, Magombera Forest is located in the flat Kilombero 

Valley adjacent to the Udzungwas with no current corridor connecting this large 

subpopulation of URC to a high-altitude forest. 

Finally, the single largest threat to the URC is habitat loss (Struhsaker 2010) 

which is occurring at increasing rates due to human population growth and immigration 

to areas surrounding Udzungwa forests. Regulating human population growth must be 

addressed through both education and family planning. 

In summary, the best conservation tactics for the URC involve 1) immediate, legal 

protective status for the remaining red colobus habitats that includes appropriate law 

enforcement, 2) protecting forested areas that are large enough to support viable URC 

subpopulations, 3) allowing regeneration of forests areas and corridors if possible, and 4) 
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reducing the human impact on URC population decline by reducing human population 

growth and environmental impact. 
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Appendix A. Data collection days 

 

Table 63.  Number of days per month that daily travel distance (DTD) data were recorded for 
each group.  

Group 1 Group 2 Hondo Hondo Campsite 3
5/09 1 1 0 0
6/09 5 4 0 0
7/09 4 1 0 0
8/09 5 5 1 0
9/09 4 4 4 1
10/09 6 6 2 4
11/09 8 8 4 2
1/10 3 3 3 0
2/10 3 0 4 0
3/10 0 3 0 0

Group name
Month/Year

 

 

Table 64. Number of days per month that activity budget data were collected for each group. 

Group 1 Group 2 Hondo Hondo Campsite 3
5 2009 1 0 0 0
6 2009 5 4 0 0
7 2009 4 1 0 0
8 2009 0 5 1 0
9 2009 4 0 4 1

10 2009 3 3 2 4
11 2009 4 4 4 2
1 2010 3 3 3 0
2 2010 3 0 4 0
3 2010 0 2 0 0

Total 27 22 18 7

Group name
Magombera Forest Mwanihana Forest

Month/Year
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Appendix B. Detailed data for temporal activity pat terns  

Table 65. Temporal patterns of climbing: Group 1 

Lower Upper
6:00 10.0
6:30 11.7 12.0 0.0 36.4 1.0
7:00 23.5 27.0 0.0 100.0 1.1
7:30 14.4 19.8 0.0 80.0 1.4
8:00 7.2 12.4 0.0 50.0 1.7
8:30 11.1 13.3 0.0 50.0 1.2
9:00 9.8 14.8 0.0 57.1 1.5
9:30 14.1 17.3 0.0 62.5 1.2

10:00 14.5 21.5 0.0 83.3 1.5
10:30 8.9 12.7 0.0 40.0 1.4
11:00 6.5 11.2 0.0 50.0 1.7
11:30 10.8 15.6 0.0 50.0 1.4
12:00 6.7 12.9 0.0 50.0 1.9
12:30 10.0 20.7 0.0 100.0 2.1
13:00 8.9 15.5 0.0 62.5 1.8
13:30 8.4 12.7 0.0 40.0 1.5
14:00 6.2 17.5 0.0 83.3 2.8
14:30 11.0 15.8 0.0 50.0 1.4
15:00 14.5 20.9 0.0 72.7 1.4
15:30 14.4 18.5 0.0 60.0 1.3
16:00 19.5 21.3 0.0 77.8 1.1
16:30 15.6 20.7 0.0 66.7 1.3
17:00 19.8 16.6 0.0 54.6 0.8
17:30 13.2 18.6 0.0 60.0 1.4
18:00 19.2 20.5 0.0 75.0 1.1
18:30 21.1 19.8 0.0 50.0 0.9

Scan 
Sample 

Time 
Period

Range in the 
percentage of time 

spent climbing
Coefficient 
of variation

Standard 
deviation +/-

Average 
percentage of 

time spent 
climbing per 
time period
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Table 66. Temporal patterns of resting: Group 1 

Lower Upper
6:00 40.0
6:30 37.6 23.9 9.1 80.0 0.6
7:00 24.1 19.4 0.0 66.7 0.8
7:30 37.4 19.8 7.7 100.0 0.5
8:00 46.6 31.6 0.0 100.0 0.7
8:30 52.1 30.8 0.0 100.0 0.6
9:00 53.2 31.8 0.0 100.0 0.6
9:30 44.5 28.4 0.0 94.1 0.6

10:00 49.1 26.9 0.0 100.0 0.5
10:30 64.4 24.5 23.1 100.0 0.4
11:00 69.6 21.6 12.5 100.0 0.3
11:30 60.0 28.2 0.0 100.0 0.5
12:00 56.5 29.7 0.0 100.0 0.5
12:30 58.0 32.3 0.0 100.0 0.6
13:00 58.9 26.5 0.0 100.0 0.5
13:30 59.1 23.6 16.7 100.0 0.4
14:00 54.7 26.2 0.0 92.3 0.5
14:30 65.8 29.7 0.0 100.0 0.5
15:00 47.5 32.1 0.0 100.0 0.7
15:30 51.3 24.9 0.0 100.0 0.5
16:00 38.5 27.0 0.0 100.0 0.7
16:30 48.2 26.0 0.0 100.0 0.5
17:00 35.0 20.7 0.0 71.4 0.6
17:30 29.9 24.7 0.0 75.0 0.8
18:00 32.6 23.6 0.0 100.0 0.7
18:30 18.6 16.1 0.0 42.9 0.9

Scan 
Sample 

Time 
Period

Average 
percentage of 

time spent 
resting per 
time period

Standard 
deviation +/-

Range in the 
percentage of time 

spent resting
Coefficient of 

variation
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Table 67. Temporal patterns of feeding: Group 1 

Lower Upper
6:00 40.0
6:30 45.1 23.4 11.1 80.0 0.5
7:00 44.3 23.9 0.0 87.5 0.5
7:30 39.2 26.3 0.0 83.3 0.7
8:00 33.2 30.6 0.0 100.0 0.9
8:30 27.0 28.3 0.0 100.0 1.0
9:00 25.6 25.3 0.0 87.5 1.0
9:30 25.6 21.7 0.0 66.7 0.8

10:00 23.2 24.3 0.0 87.5 1.0
10:30 17.7 18.5 0.0 62.5 1.0
11:00 14.4 14.4 0.0 44.4 1.0
11:30 19.6 24.6 0.0 100.0 1.3
12:00 24.4 24.9 0.0 77.8 1.0
12:30 23.9 27.5 0.0 100.0 1.2
13:00 23.0 25.3 0.0 78.6 1.1
13:30 21.2 22.4 0.0 83.3 1.1
14:00 25.9 27.1 0.0 100.0 1.0
14:30 16.3 24.9 0.0 100.0 1.5
15:00 30.9 32.3 0.0 100.0 1.0
15:30 27.4 22.7 0.0 90.0 0.8
16:00 30.7 28.6 0.0 80.0 0.9
16:30 25.6 28.1 0.0 87.5 1.1
17:00 34.4 27.6 0.0 90.9 0.8
17:30 48.4 30.1 0.0 100.0 0.6
18:00 38.5 26.1 0.0 85.7 0.7
18:30 54.1 28.3 28.6 100.0 0.5

Coefficient of 
variation

Scan 
Sample 

Time 
Period

Average 
percentage of 

time spent 
feeding per 
time period

Standard 
deviation +/-

Range in the 
percentage of time 

spent feeding
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Table 68. Temporal patterns of climbing: Group 2 

Lower Upper
6:30 13.4 16.5 0.0 50.0 1.2
7:00 22.1 18.6 0.0 55.6 0.8
7:30 16.2 20.0 0.0 71.4 1.2
8:00 9.7 14.2 0.0 57.1 1.5
8:30 10.1 12.3 0.0 41.2 1.2
9:00 12.0 16.3 0.0 77.8 1.4
9:30 12.4 17.5 0.0 57.1 1.4

10:00 11.4 15.9 0.0 66.7 1.4
10:30 15.5 18.5 0.0 57.1 1.2
11:00 9.5 14.8 0.0 57.1 1.6
11:30 8.1 14.5 0.0 50.0 1.8
12:00 12.7 16.3 0.0 50.0 1.3
12:30 8.0 10.2 0.0 30.8 1.3
13:00 9.3 13.4 0.0 55.6 1.4
13:30 6.3 9.4 0.0 28.6 1.5
14:00 11.2 14.3 0.0 50.0 1.3
14:30 7.6 16.1 0.0 75.0 2.1
15:00 12.5 16.3 0.0 60.0 1.3
15:30 11.2 16.5 0.0 55.6 1.5
16:00 13.9 14.9 0.0 50.0 1.1
16:30 20.9 24.1 0.0 75.0 1.2
17:00 12.6 14.2 0.0 55.6 1.1
17:30 14.1 19.7 0.0 71.4 1.4
18:00 12.5 15.6 0.0 50.0 1.2
18:30 11.2 8.4 0.0 20.0 0.7

Coefficient of 
variation

Scan 
Sample 

Time 
Period

Average 
percentage of 

time spent 
climbing per 
time period

Standard 
deviation +/-

Range in the 
percentage of time 

spent climbing
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Table 69. Temporal pattern of resting: Group 2 

Lower Upper
6:30 25.6 26.6 0.0 69.2 1.0
7:00 33.0 18.4 7.1 58.3 0.6
7:30 39.2 19.5 11.1 88.9 0.5
8:00 52.5 23.5 0.0 90.5 0.4
8:30 48.2 21.3 20.0 84.6 0.4
9:00 50.9 22.6 11.1 93.8 0.4
9:30 68.9 26.4 10.0 100.0 0.4

10:00 49.1 28.3 10.0 100.0 0.6
10:30 44.9 20.1 0.0 80.0 0.4
11:00 66.9 23.7 9.1 100.0 0.4
11:30 68.8 25.9 0.0 100.0 0.4
12:00 56.8 31.8 0.0 100.0 0.6
12:30 64.3 25.1 0.0 100.0 0.4
13:00 57.6 32.2 0.0 100.0 0.6
13:30 62.5 25.7 11.1 100.0 0.4
14:00 59.6 23.3 0.0 100.0 0.4
14:30 56.9 29.5 0.0 100.0 0.5
15:00 49.3 29.4 0.0 100.0 0.6
15:30 51.2 33.6 0.0 100.0 0.7
16:00 43.7 24.3 0.0 90.0 0.6
16:30 44.5 25.2 0.0 100.0 0.6
17:00 37.6 21.0 0.0 80.0 0.6
17:30 38.3 23.2 0.0 100.0 0.6
18:00 31.1 16.7 0.0 66.7 0.5
18:30 26.8 18.1 0.0 45.5 0.7

Coefficient of 
variation

Scan 
Sample 

Time 
Period

Average 
percentage of 

time spent 
resting per 
time period

Standard 
deviation +/-

Range in the 
percentage of time 

spent resting
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Table 70. Temporal patterns of feeding: Group 2 

Lower Upper
6:30 36.8 25.9 0.0 83.3 0.7
7:00 28.8 28.2 0.0 78.6 1.0
7:30 25.8 22.7 0.0 72.7 0.9
8:00 21.2 25.7 0.0 100.0 1.2
8:30 22.4 19.2 0.0 63.6 0.9
9:00 18.1 21.3 0.0 69.2 1.2
9:30 8.8 14.3 0.0 60.0 1.6

10:00 23.7 23.7 0.0 66.7 1.0
10:30 17.1 19.2 0.0 62.5 1.1
11:00 10.1 17.7 0.0 66.7 1.7
11:30 10.5 17.0 0.0 62.5 1.6
12:00 12.2 15.4 0.0 50.0 1.3
12:30 15.8 20.9 0.0 83.3 1.3
13:00 14.3 18.6 0.0 60.0 1.3
13:30 18.0 16.1 0.0 66.7 0.9
14:00 10.7 12.7 0.0 28.6 1.2
14:30 22.1 26.4 0.0 100.0 1.2
15:00 25.4 26.7 0.0 100.0 1.0
15:30 19.4 24.5 0.0 100.0 1.3
16:00 25.1 22.6 0.0 75.0 0.9
16:30 15.1 23.4 0.0 100.0 1.6
17:00 31.4 21.3 0.0 80.0 0.7
17:30 33.7 26.2 0.0 71.4 0.8
18:00 41.9 23.3 0.0 83.3 0.6
18:30 44.5 27.6 0.0 81.8 0.6

Coefficient of 
variation

Scan 
Sample 

Time 
Period

Average 
percentage of 

time spent 
feeding per 
time period

Standard 
deviation +/-

Range in the 
percentage of time 

spent feeding
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Table 71. Temporal patterns of climbing: Hondo Hondo Group 

Lower Upper
6:30 22.4 22.3 0.0 66.7 1.0
7:00 32.5 20.1 0.0 83.3 0.6
7:30 24.9 24.2 0.0 75.0 1.0
8:00 21.1 34.4 0.0 100.0 1.6
8:30 20.7 19.8 0.0 57.1 1.0
9:00 8.0 16.8 0.0 66.7 2.1
9:30 6.7 12.0 0.0 40.0 1.8

10:00 4.7 8.3 0.0 25.0 1.8
10:30 4.3 8.6 0.0 25.0 2.0
11:00 16.3 24.0 0.0 80.0 1.5
11:30 11.5 15.6 0.0 50.0 1.4
12:00 8.5 15.2 0.0 50.0 1.8
12:30 13.7 23.2 0.0 66.7 1.7
13:00 9.0 19.9 0.0 75.0 2.2
13:30 17.8 23.7 0.0 66.7 1.3
14:00 25.1 33.2 0.0 100.0 1.3
14:30 13.0 25.9 0.0 100.0 2.0
15:00 8.7 18.5 0.0 66.7 2.1
15:30 29.9 29.4 0.0 100.0 1.0
16:00 16.9 20.8 0.0 66.7 1.2
16:30 20.8 25.0 0.0 80.0 1.2
17:00 35.0 22.4 0.0 80.0 0.6
17:30 26.8 19.9 0.0 66.7 0.7
18:00 27.2 27.3 0.0 81.8 1.0
18:30 24.3 30.5 0.0 83.3 1.3

Coefficient of 
variation

Scan 
Sample 

Time 
Period

Average 
percentage of 

time spent 
climbing per 
time period

Standard 
deviation +/-

Range in the 
percentage of time 

spent climbing
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Table 72. Temporal patterns of resting: Hondo Hondo Group 

Lower Upper
6:30 30.4 18.3 8.3 58.3 0.6
7:00 27.2 19.4 0.0 66.7 0.7
7:30 31.3 26.0 0.0 92.9 0.8
8:00 37.3 34.2 0.0 100.0 0.9
8:30 49.3 25.4 0.0 100.0 0.5
9:00 52.5 30.8 0.0 100.0 0.6
9:30 67.9 26.4 20.0 100.0 0.4

10:00 65.0 28.2 0.0 100.0 0.4
10:30 62.4 34.0 0.0 100.0 0.5
11:00 51.2 33.6 0.0 100.0 0.7
11:30 59.4 30.8 0.0 100.0 0.5
12:00 61.5 26.1 16.7 100.0 0.4
12:30 62.0 30.4 0.0 100.0 0.5
13:00 59.0 28.7 0.0 100.0 0.5
13:30 57.9 27.4 20.0 100.0 0.5
14:00 56.0 35.1 0.0 100.0 0.6
14:30 57.6 37.0 0.0 100.0 0.6
15:00 63.3 32.4 0.0 100.0 0.5
15:30 37.9 34.0 0.0 100.0 0.9
16:00 42.7 30.1 0.0 100.0 0.7
16:30 32.3 27.0 0.0 83.3 0.8
17:00 16.6 16.6 0.0 36.4 1.0
17:30 21.6 11.4 0.0 33.3 0.5
18:00 27.4 21.2 0.0 66.7 0.8
18:30 31.9 23.4 0.0 71.4 0.7

Coefficient of 
variation

Scan 
Sample 

Time 
Period

Average 
percentage of 

time spent 
resting per 
time period

Standard 
deviation +/-

Range in the 
percentage of time 

spent resting
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Table 73. Temporal patterns of feeding: Hondo Hondo Group 

Lower Upper
6:30 25.9 16.1 8.3 55.6 0.6
7:00 27.1 22.4 0.0 60.0 0.8
7:30 33.0 21.4 0.0 71.4 0.6
8:00 24.0 28.1 0.0 100.0 1.2
8:30 11.6 19.5 0.0 75.0 1.7
9:00 18.2 26.4 0.0 83.3 1.5
9:30 13.2 17.2 0.0 57.1 1.3

10:00 17.1 22.2 0.0 75.0 1.3
10:30 14.8 19.3 0.0 62.5 1.3
11:00 21.2 25.0 0.0 75.0 1.2
11:30 15.0 27.5 0.0 100.0 1.8
12:00 17.7 20.1 0.0 66.7 1.1
12:30 15.7 23.3 0.0 75.0 1.5
13:00 20.2 26.9 0.0 75.0 1.3
13:30 12.3 20.0 0.0 60.0 1.6
14:00 12.3 18.6 0.0 50.0 1.5
14:30 19.2 27.5 0.0 80.0 1.4
15:00 17.2 22.9 0.0 66.7 1.3
15:30 20.8 23.8 0.0 71.4 1.1
16:00 24.7 25.9 0.0 80.0 1.0
16:30 28.3 29.0 0.0 100.0 1.0
17:00 37.7 25.4 0.0 66.7 0.7
17:30 37.7 23.4 0.0 75.0 0.6
18:00 33.7 21.1 0.0 75.0 0.6
18:30 24.4 30.6 0.0 100.0 1.3

Coefficient of 
variation

Scan 
Sample 

Time 
Period

Average 
percentage of 

time spent 
feeding per 
time period

Standard 
deviation +/-

Range in the 
percentage of time 

spent feeding
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Appendix C. Comprehensive list of plant species fed upon 
by all URC groups.  

 

Family Species Local name Type ª n
Caesalpiniaceae Erythrophleum suaveolens mwahe T 845

Mimosaceae Albizia gummifera mtanga T 230
Anacardiaceae Sorindeia madagascariensis mpilipili T 169

Moraceae Antiaris toxicaria welwitschii msenda T 168
Ochnaceae Ochna holstii mkwaliti T 157

Combretaceae Pteleopsis myrtifolia mnepa T 154
Apocynaceae Landolphia comorensis mngombe vine C 129

Rhizophoraceae Cassipourea gummiflua msengela T 126
Sapotaceae Pachystela brevipes msambija T 123
Moraceae Ficus  sp. mkuyu varieties T 110

Verbenaceae Vitex doniana mfulu T 103
Papilionaceae Dalbergia boehmii boehmii mswati T 97

Moraceae Treculia africana mnjaya T 93
Rubiaceae Uncaria africana tonasimba vine C 68
Meliaceae Khaya anthotheca mkangazi T 66

Annonaceae Xylopia parviflora mpoloto T 58
Annonaceae Parkia filicoidea mtanga kalala T 56
Meliaceae Trichilia dregeana mhubasi T 52

mpilipilidume T 46
Moraceae Milicia excelsa mvule T 46

Caesalpiniaceae Isoberlinia scheffleri mgumegume T 37
Euphorbiaceae Ricinodendron heudelotii mwonowono T 29

msolwa T 26
Moraceae Trilepisium madagascariense mfilafila T 24

Apocynaceae Landolphia sp. (kirkii?) mngombe mpira vine C 23
mpululu T 22

Euphorbiaceae Bridelia micrantha mwija T 21
Lamiaceae Tectona grandis teak T 18
Fabaceae Acacia polyacantha mtalula T 17
Meliaceae Ekebergia capensis mulimuli T 16  
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Family Species Local name Type ª n
Papilionaceae Xeroderris stuhlmannii mkrismas T 15
Apocynaceae Diplorhynchus condylocarpon mtogo (small-leaved variety) T 15

lihwini vine (hairless variety) C 13
Sapotaceae Malacantha alnifolia mtumbako (fluted variety) T 13

kitanula kidogo vine (medium-
size leaves) C 12

mdamba msosa E 12
kibanamlomo vine C 10

kitanula kidogo vine (small-size 
leaves) C 10

mtumbako (variety 4) T 10
mvanga T 10

mng'ulung'ulu (thin-leaved 
variety) T 9

Sapindaceae Blighia unijugata msebele T 9
Caesalpiniaceae Senna siamea msonobali T 9

kijuana vine C 8
kitambalongwenzi vine C 8

Euphorbiaceae Shirakiopsis elliptica mgulukanziva/ngulukanziwa T 8
Dichapetalaceae Tapura fischeri msisina mweupe T 8

Papilionaceae Pterocarpus mildbraedii mswakala T 8
Fabaceae Entada  sp. lifute vine C 8

mdamba (lumped variety) E 7
Combretaceae Combretum molle mlama T 7

Caesalpiniaceae Piliostigma thonningii msegesi T 7
Annonaceae Lettowianthus stellatus mswehile T 7
Mimosaceae Albizia  sp. 2 Albizia sp. 2 T 6

mkole (fluted variety) T 6
mnyonzi T 6

Araliaceae Cussonia zimmermannii mnyongamembe T 6
lukegeta vine C 5

mdamba (small-leaved variety) E 5
mng'ulung'ulu (wide-leaved 

variety) T 5
Sterculiaceae Sterculia quinqueloba mtelelanyabu T 5

Simaroubaceae Harrisonia abyssinica msangalasi T 5
lihwini vine (variety with hair) C 4

limkenge/limukeng'e vine C 4  
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Family Species Local name Type ª n
Loganiaceae Anthocleista grandiflora mbala T 4

mdamba (strangler variety) E 4
msegesi vine C 4

mtambalangenzi vine C 4
mvanga dume T 4

Apocynaceae Voacanga africana mkongosa matunda madogo T 3
mlinditi vine C 3

Rubiaceae Craterispermum schweinfurthii myovi T 3
Euphorbiaceae Mallotus oppositifolius sunguluti T 3

mhafu jike T 3
Dracaenaceae Dracaena mannii mdetema T 3

kitanula kidogo vine (large size 
variety) C 2

leundi vine C 2
Papilionaceae Pterocarpus sp. mninga T 2

mnyalati T 2
mpoloto vine C 2

mtogo (large-leaved variety) T 2
Rubiaceae Leptactina platyphylla mtumbako (reddish bark variety) T 2
Rubiaceae Catunaregam spinosa mtutumo T 2

tembelebwawa vine C 2
falavakiva vine C 1

mbokowoko vine (small-leaved 
variety) C 1

mdamba (bunched fruit variety) E 1
mgogola T 1

Caesalpiniaceae Brachystegia spiciformis miombo T 1
mkandikandi (Mwanihana T 1

mkoko T 1
mkole (fourth variety) T 1

mkovati T 1
Rubiaceae Tarenna pavettoides mkumbangubi T 1

mtanga mnyasa T 1
Apocynaceae Funtumia africana mtovutovu T 1

nyakatitu T 1  

ª T = tree, C = climber, E = epiphyte 
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Appendix D. Comprehensive list of all species-specific parts 
consumed by each URC group throughout the study 

Table 74. Group 1 in Magombera Forest. Tallies of young leaf species-specific parts consumed 
(n = 1613). 
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Table 75. Group 1: tallies of mature leaf species-specific parts consumed (n = 1613). 
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Table 76. Group 1: tallies of species-specific parts consumed from leaves, unknown age (n = 
1613) 
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Table 77. Group 1: Tallies of species-specific parts consumed from leaves, unknown age, leaf 
buds, buds, flower buds, and flowers (n = 1613) 
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Table 78. Group 1: tallies of species-specific parts consumed from fruit (n = 1613).  
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Table 79. Group 1: tallies of other and unknown species-specific parts consumed (n = 1613). 
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Table 80. Magombera Group 2: tallies of young leaf species-specific parts consumed (n = 1078). 
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Table 81. Group 2: tallies of mature leaf species-specific parts consumed (n=1078). 
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Table 82. Group 2: tallies of leaves (unknown age) species-specific parts consumed (n=1078) 
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Table 83. Group 2: tallies of leaf bud, bud, flower bud, and flower species-specific parts 
consumed (n =1078). 
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Table 84. Group 2: tallies of fruit, other, and unknown species-specific part consumed (n=1078). 
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Table 85. Hondo Hondo group, Mwanihana: tallies of young leaf species-specific parts consumed 
(n=632) 
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Table 86. Hondo Hondo: tallies of mature leaf species-specific parts consumed (n=632). 
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Table 87. Hondo Hondo: tallies of leaf (unknown age) species-specific parts consumed (n=632). 
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Table 88. Hondo Hondo: tallies of leaf buds, buds, flower buds, flowers, unripe fruit, and nearly 
ripe fruit consumed (n = 632). 
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Table 89. Hondo Hondo: tallies of fruit, other, and unknown species-specific parts consumed 
(n=632). 

 



 

395 

Table 90. Campsite 3 groups, Mwanihana: tallies of young leaf parts consumed (n=433) 
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Table 91. Campsite 3 groups: tallies of mature leaf parts consumed (n=433) 
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Table 92. Campsite 3 groups: tallies of leaf parts (unknown age) consumed (n=433). 
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Table 93. Campsite 3 groups: tallies of leaf bud, flower bud, flower, and fruit parts consumed 
(n=433) 
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Table 94. Campsite 3 groups: tallies of fruit, other, and unknown parts consumed (n=433) 
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Appendix E. Dispersion ratios for food species selectively 
fed upon 

 

Table 95. Dispersion ratios of selected food species compared with home range size and mean 
DTD for each group. Campsite 3 group was excluded since home range size could not be 
calculated for that group. Of the five most frequently fed upon food species, only species 
significantly selected were considered as possible correlates of home range size and DTD. 
Selectivity was determined from χ2 tests (Tabs. 52-55). Dispersion was calculated for each 
selected species (Tabs. 52-55) and statistical significance was determined using t-tests. An 
unknown dispersion indicates that none of that species was enumerated in the transect. 

# clumped # random # even
unknown 

dispersion
Group 1 881 8.8 1 1
Group 2 984 12.7 4 3 1

Hondo Hondo 1249 10.2 4 1 1 2

DTD 
(m)Group

Dispersion Index
Top 5 food species

# of species 
selectively 

eaten

Home 
range 

size (ha)

 

 

 



 

401 

References 

Agostini, I., Holzmann, I., and M. Bitetti (2010). Ranging patterns of two syntopic 
howler monkey species (Alouatta guariba and A. caraya) in Northeastern 
Argentina. International Journal of Primatology, 31: 363-381. 

AOAC (1990). Official methods of analysis. Association of Official Analytical Chemists: 
Arlington. 

Baoping, R., Ming, L., Yongcheng, L., W. Fuwen (2009). Influence of day length, 
ambient temperature, and seasonality on daily travel distance in the Yunnan snub-
nosed monkey at Jinsichang Yunnan, China. American Journal of Primatology, 
71: 233-241. 

Belyea, R., Steevens, B., Garner, G., Whittier, J., and H. Sewell (1993). Using NDF and 
ADF to balance diets. University of Missouri Publications, G3161: 
http://extension.missouri.edu/p/G3161. 

Bennett, E. (1986) Environmental correlates of ranging behaviour in the banded langur, 
Presbytis melalophos. Folia Primatologica, 47: 26-38. 

Beyer, H. (2007). Hawth’s Analysis Tools version 3.27 for ArcGIS. (Software). 
Available from http://www.spatialecology.com/htools 

Brower, J. and J. Zar (1977). Field and Laboratory Methods for General Ecology. WM. 
C. Brown Company Publishers: Dubuque. 

Burt, W. (1943). Territoriality and home range concepts as applied to mammals. Journal 
of Mammology, 24.3: 346-352. 

Butynski, T., and G. Mwangi (1994). Conservation status and distribution of the Tana 
River red colobus and crested mangabey. Unpublished report for Zoo Atlanta, 
Kenya Wildlife Service, National Museum of Kenya, Institute of Primate 
Research, and East African Wildlife Society. 

Chapman, C. (1990). Ecological constraints on group size in three species of Neotropical 
primates. Folia Primatologica, 55: 1-9. 

Chapman, C. and L. Chapman (1999). Implications of small scale variation in ecological 
conditions for the diet and density of red colobus monkeys. Primates, 40.1: 215-
231. 



 

402 

Chapman, C. and L. Chapman (2000). Determinants of group size in social primates: The 
importance of travel costs. In S. Boinski and P. Garber (Eds.), Group Movement 
in Social Primates and Other Animals: Patterns, Processes, and Cognitive 
Implications. Chicago: University of Chicago Press. 

Chapman, C. and L. Chapman (2002). Foraging challenges of red colobus monkeys: 
influence of nutrients and secondary compounds. Comparative Biochemistry and 
Physiology Part A, 133: 861-875. 

Chapman, C., Chapman, L., Wrangham, R., Hunt, K., Gebo, D., and L. Gardner (1992). 
Estimators of fruit abundance of tropical trees. Biotropica, 24.4: 527:531. 

Chivers, D. (1994). The gastrointestinal tract. In A.G. Davies and J.F. Oates (Eds.), 
Colobine Monkeys: Their Ecology, Behaviour, and Evolution. Cambridge: 
Cambridge University Press. 

Chojnacky, D. and P. Rogers (1999). Converting Tree Diameter Measured at Root Collar 
to Diameter at Breast Height. Western Journal of Applied Forestry, 14.1: 14-16. 

Clutton-Brock, T. (1974). Activity patterns of red colobus (Colobus badius tephrosceles). 
Folia Primatologica, 21: 161-187. 

Clutton-Brock, T. (1975). Ranging behaviour of red colobus (Colobus badius 
tephrosceles) in the Gombe National Park. Animal Behaviour, 23: 706-722. 

Clutton-Brock, T. and P. Harvey (1977). Primate ecology and social organization. 
Journal of Zoology (London), 183: 1-39. 

Cody, M. (1974). Optimization in ecology. Science, 183: 1156-1164. 

Cooney, D. and T. Struhsaker (1997). Adsorptive capacity of charcoals eaten by Zanzibar 
red colobus monkeys: implications for reducing dietary toxins. International 
Journal of Primatology, 18.2: 235-246. 

Crawley, M. (1983). Herbivory: the dynamics of animal-plant interactions. University of 
California Press: Berkeley and Los Angeles. 

Dasilva, G. (1992) The western black-and-white colobus as a low-energy strategist: 
activity budgets, energy expenditure, and energy intake. Journal of Animal 
Ecology, 61: 79-91. 

Davenport, T., Stanley, W., Sargis, E., De Luca, D., Mpunga, N., Machaga, S., and L. 
Olson (2006). A new genus of African monkey, Rungwecebus: Morphology, 
ecology, and molecular phylogenetics. Science, 312: 1378-1381. 



 

403 

Decker, B. (1994). Effects of habitat disturbance on the behavioral ecology and 
demographics of the Tana River red colobus (Colobus badius rufomitratus). 
International Journal of Primatology, 15: 703-737. 

DeGabriel, J., Moore, B., Shipley, L., Krockenberger, A., Wallis, I., Johnson, C., and W. 
Foley (2009). Inter-population differences in the tolerance of a marsupial folivore 
to plant secondary metabolites. Oecologia, 161.3: 539-548. 

DeLuca, D., Phillipps, G., Machaga, S., and T. Davenport (2010). Home range, core 
areas and movement in the ‘critically endangered’ kipunji (Rungwecebus kipunji) 
in southwest Tanzania. African Journal of Ecology, 48.4: 895-904. 

Dinesen, L., Lehmberg, T., Rahner, M., and J. Fjeldsa (2001). Conservation priorities for 
the forests of the Udzungwa Mountains, Tanzania, based on primates, duikers, 
and birds. Biological Conservation, 99: 223-236. 

Doran, D. (1997). Influence of seasonality on activity patterns, feeding behavior, ranging, 
and grouping patterns in Taï Chimpanzees. International Journal of Primatology, 
18.2: 183-206. 

Dunbar, R. (1987). Habitat quality, population dynamics, and group composition in 
colobus monkeys (Colobus guereza). International Journal of Primatology, 8: 
299-329. 

ESRI Environmental Systems Research Institute (2008). ArcGIS 9.3. (Software). 
California: Redlands. 

Freeland, W. and D. Janzen (1974). Strategies in herbivory by mammals: the role of 
secondary compounds. The American Naturalist, 108: 269-289. 

Galat-Luong, A. and G. Galat (2005). Conservation and survival adaptations of 
Temminck’s red colobus (Procolobus badius temminckii) in Senegal. 
International Journal of Primatology, 26.3: 585-603. 

Ganas, J. and M. Robbins (2005). Ranging behavior of the mountain gorillas (Gorilla 
beringei beringei) in Bwindi Impenetrable National Park, Uganda: A test of the 
ecological constraints model. Behavioral Ecology and Sociobiology, 58.3: 277-
288. 

Garmin, Ltd. (2010). Mapsource version 6.15.6. (Software). Kansas: Olathe. 

Gillespie, T. and C. Chapman (2001). Determinants of group size in the red colobus 
monkey (Procolobus badius): an evaluation of the generality of the ecological-
constraints model. Behavioral Ecology and Sociobiology, 50: 329-338. 



 

404 

Glander, K. (1981). Feeding patterns in mantled howling monkeys. In A.C. Kamil and 
T.D. Sargent (Eds.), Foraging behavior: Ecological, ethological, and 
psychological approaches. New York: Garland Press. 

Glander, K. (1982). The impact of plant secondary compounds on primate feeding 
behavior. Yearbook of Physical Anthropology, 25: 1-18. 

Greig-Smith, P. (1964). Quantitative plant ecology, 2nd edition. Plenum Press: New York. 

Grubb, P., Butynski, T., Oates, J., Bearder, S., Disotell, T., Groves, C., and T. Struhsaker 
(2003). Assessment of the diversity of African primates. International Journal of 
Primatology, 24.6: 1301-1357. 

Hammer, Ø., Harper, D., and P. Ryan (2001). PAST: Paleontological statistics software 
package for education and data analysis version 2.13 (Software). Paleontologia 
Electronica, 4.1: 9. 

Harkin, J. (1973). Lignin. In G.W. Butler and R.W. Bailey (Eds.), Chemistry and 
Biochemistry of Herbage, vol. 1. London: Academic Press. 

Harris, T. and C. Chapman (2007). Variation in diet and ranging of black and white 
colobus monkeys in Kibale National Park, Uganda. Primates, 48: 208-221. 

Harrison, S. (1992). Toward a theory of inter-refuge corridor design. Conservation 
Biology, 6: 293-295. 

Harvey, P. and T. Clutton-Brock (1981). Primate home range size and metabolic needs. 
Behavioral Ecology and Sociobiology, 8.2: 151-155. 

Hemingway, C. and N. Bynum (2005). The influence of seasonality on primate diet and 
ranging. In D.K. Brockman and C.P. van Schaik (Eds.), Seasonality in Primates: 
Studies of living and extinct human and non-human primates. Cambridge: 
Cambridge University Press. 

Houghton, J., Meira Filho, L., Callander, B., Harris, N., Kettenberg, A., and K. Maskell 
(Eds.) (1996). Climate change 1995: The science of climate change. Cambridge: 
Cambridge University Press. 

Huang, C., Wei, F., Li, M., Li, Y., and R. Sun (2003). Sleeping cave selection, activity 
pattern and time budget of white-headed langurs. International Journal of 
Primatology, 24: 813-824. 

Isbell, L. (1983). Daily ranging behavior of red colobus (Colobus badius tephrosceles) in 
Kibale Forest, Uganda. Folia Primatologica, 41: 34-48. 



 

405 

Jones, T., Ehardt, C., Butynski, T., Davenport, T., Mpunga, N., Machaga, S., and D. De 
Luca (2005). The highland mangabey Lophocebus kipunji: a new species of 
African monkey. Science, 308: 1161-1164. 

Kay, R. and G. Davies (1994). Digestive physiology. In A.G. Davies and J.F. Oates 
(Eds.), Colobine Monkeys: Their Ecology, Behaviour, and Evolution. Cambridge: 
Cambridge University Press. 

Korstjens, A., Bergmann, K., Deffernez, C., Krebs, M., Nijssen, E., van Oirschot, B., 
Paukert, C., and E. Schippers (2007). How small-scale differences in food 
competition lead to different social systems in three closely related colobines. In 
W. McGraw, K. Zuberbühler, and R. Noё (Eds.), Monkeys of the Taї Forest: An 
African Primate Community. Cambridge: Cambridge University Press. 

Krebs, C. (1999). Ecological Methodology, Second Edition. Benjamin Cummings: an 
imprint of Addison Wesley Longman, Inc.: Menlo Park. 

Krishnamani, R. and W. Mahaney (2000). Geophagy among primates: adaptive 
significance and ecological consequences. Animal Behaviour, 59: 899-915. 

Lambert, J. (1998). Primate digestion: interactions among anatomy, physiology, and 
feeding ecology. Evolutionary Anthropology, 7.1: 8-20. 

Lambert, J. (2007). Primate nutritional ecology: feeding biology and diet at ecological 
and evolutionary scales. In C.J. Campbell, A. Fuentes, K.C. MacKinnon, M. 
Panger, and S.K. Bearder (Eds.), Primates in Perspective. Oxford: Oxford 
University Press. 

Lambert, J. and V. Fellner (2012). In vitro fermentation of dietary carbohydrates 
consumed by African apes and monkeys: preliminary results for interpreting 
microbial and digestive strategy. International Journal of Primatology, 33: 263-
281. 

Li, Z. and E. Rogers (2004). Habitat quality and activity budgets of white-headed langurs 
in Fusui, China. International Journal of Primatology, 25.1: 41-54. 

Linder, J. (2008). The impact of hunting on primates in Korup National Park, Cameroon: 
Implications for primate conservation. Ph.D. dissertation. The City University of 
New York: New York, NY. 

Lovett J. and S. Wasser (1993). Biogeography and Ecology of the Rain Forests of 
Eastern Africa. Cambridge University Press: New York. 

Lovett, J., Ruffo, C., Gereau, R., and J. Taplin (2006). Field Guide to the Moist Forest 
Trees of Tanzania. The Society for Environmental Exploration: London. 



 

406 

Lwanga, J., Struhsaker, T., Struhsaker, P., Butynski, T., and J. Mitani (2011). Primate 
population dynamics over 32.9 years at Ngogo, Kibale National Park, Uganda. 
American Journal of Primatology, 73: 1-15. 

MacArthur, R. and E. Pianka (1966). On optimal use of a patchy environment. The 
American Naturalist, 100.916: 603-609. 

Marsh, C. (1981a). Diet choice among red colobus (Colobus badius rufomitratus) on the 
Tana River, Kenya. Folia Primatologica, 35: 147-178. 

Marsh, C. (1981b). Ranging behaviour and its relation to diet selection in Tana River red 
colobus (Colobus badius rufomitratus). Journal of Zoology, London, 195: 473-
492. 

Marsh, C. (1981c). Time budget of the Tana River Red Colobus. Folia Primatologica, 
35: 30-50. 

Marshall, A. (2007). Disturbance in the Udzungwas: responses of monkeys and trees to 
forest degradation. Ph.D. dissertation. University of York: Heslington, UK. 

Marshall, A. (2008a). Assessing and Restoring Biodiversity in Tanzania’s Forests: the 
Case of Magombera. Proceedings of the 6th TAWIRI Scientific Conference, 
December 2007.  

Marshall, A. (2008b). Ecological report on Magombera Forest. Prepared for the World 
Wide Fund for Nature, Tanzania Programme Office. 

Marshall, A., Jørgensbye, H., Rovero, F., Platts, P., White, P., and J. Lovett (2010). The 
species-area relationship and confounding variables in a threatened monkey 
community. American Journal of Primatology, 72: 325:336. 

Marshall, A., Topp-Jørgensen, J., Brink, H., and E. Fanning (2005). Monkey abundance 
and social structure in two high-elevation forest reserves in the Udzungwa 
Mountains of Tanzania. International Journal of Primatology, 26.1: 127- 145. 

Matsuda, I., Tuuga, A., and S. Higashi (2009a). The feeding ecology and activity budget 
of proboscis monkeys. American Journal of Primatology, 71.6: 478-492. 

Matsuda, I., Tuuga, A., and S. Higashi (2009b). Ranging behavior of proboscis monkeys 
in a riverine forest with special reference to ranging in inland forest. International 
Journal of Primatology, 30:313-325. 



 

407 

Mbuya, L., Msanga, H., Ruffo, C., Birnie, A., and B. Tengnäs (1994). Useful Trees and 
Shrubs for Tanzania: Identification, Propagation and Management for 
Agricultural and Pastoral Communities. Swedish International Development 
Authority/Regional Soil Conservation Unit: Nairobi. 

McNab, B. (1963). Bioenergetics and the determination of home range size. The 
American Naturalist, 97.894: 133-140. 

Mduma, S., Lobora, A., Foley, C., and T. Jones (2010). Tanzania elephant management 
plan 2010-2015. Unpublished report by the Tanzania Wildlife Research Institute: 
Arusha. 

Mehansho, H., Butler, L., and D. Carlson (1987). Dietary tannins and salivary proline-
rich proteins – interactions, induction, and defense mechanisms. Annual Review of 
Nutrition, 7: 423-440. 

Menegon, M., Tolley, K., Jones, T., Rovero, F., Marshall, A., and C. Tilbury (2009). A 
new species of chameleon (Sauria: Chamaeleonidae: Kinyongia) from the 
Magombera forest and the Udzungwa Mountains National Park, Tanzania. 
African Journal of Herpetology, 58.2: 59-70. 

Milton, K. (1980). The foraging strategy of the howler monkey. Columbia University 
Press: New York.  

Milton, K. and M. May (1976). Body weight, diet and home range area in primates. 
Nature, 259.5543: 459-462. 

Mitani, J. and R. Rodman (1979). Territoriality: the relation of ranging pattern and home 
range size to defendability, with an analysis of territoriality among primate 
species. Behavioral ecology and Sociobiology, 5.3: 241-251. 

Mowry, C., Decker, B., and D. Shure (1996). The role of phytochemistry in dietary 
choices of Tana River red colobus monkeys (Procolobus badius rufomitratus). 
International Journal of Primatology, 17.1: 63-84. 

Mturi, F. (1991). The feeding ecology and behavior of the red colobus monkey 
(Procolobus badius kirkii). Ph.D. dissertation. University of Dar es Salaam: Dar 
es Salaam, TZ. 

Myers, N, Mittermeier, R., Mittermeier, C., da Fonseca, G.A.B., and J. Kent (2000). 
Biodiversity hotspots for conservation priorities. Nature, 403: 853-858. 

New, M., Liverman, D., Schroder, H., and K. Anderson (2011). Four degrees and 
beyond: the potential for a global temperature increase of four degrees and its 
implications. Philosophical Transactions of the Royal Society A, 369: 6-19. 



 

408 

Nowak, K. (2007). Behavioural flexibility and demography of Procolobus kirkii across 
floristic and disturbance gradients. Ph.D. dissertation. Downing College of The 
University of Cambridge: Cambridge, U.K. 

Oates, J. (1978). Water-plant and soil consumption by Guereza monkeys (Colobus 
guereza): a relationship with minerals and toxins in the diet. Biotropica: 10: 241-
253. 

Oates, J., Swain, T, and J. Zantovska (1977). Secondary compounds and food selection 
by Colobus monkeys. Biochemical Systematics and Ecology, 5: 317-321. 

Oliveira, M., Grillo, A., and M. Tabarelli (2004). Forest edge in the Brazilian Atlantic 
forest: drastic changes in tree species assemblages. Oryx, 38: 389-394. 

Peper, P., McPherson, E., and S. Mori (2001). Equations for predicting diameter, height, 
crown width, and leaf area of San Joaquin Valley street trees. Journal of 
Arboriculture, 27.6: 306-317. 

Peters, R. (1988). The effect of global climate change on natural communities. In E.O. 
Wilson (Ed.), Biodiversity. Washington, D.C.: National Academy Press. 

Porter, L., Hrstich, L., and B. Chan (1986). The conversion of procyanidins and 
prodelphinidins to cyaniding and delphinidin. Phytochemistry, 25: 223-230. 

Raemaekers, J. (1980). Causes of variation between months in the distance traveled daily 
by gibbons. Folia Primatologica, 34: 46-60. 

Rode, K., Chapman, C., Chapman, L., and L. McDowell (2003). Mineral resource 
availability and consumption by colobus in Kibale National Park, Uganda. 
International Journal of Primatology, 24: 541-573. 

Rodgers, W. and K. Homewood (1982). Biological values and conservation prospects for 
the forests and primates of the Uzungwa Mountains, Tanzania. Biological 
Conservation, 24: 285-304. 

Rodgers, W., Homewood, K., and J. Hall (1979). An Ecological Survey of Magombera 
Forest Reserve. Unpublished report, University of Dar es Salaam, Tanzania. 

Rogers, E., Abernethy, K., Bermejo, M., Cipolletta, C., Doran, D., McFarland, K., 
Nishihara, T., Remis, M., and C. Tutin (2004). Western gorilla diet: A synthesis 
from six sites. American Journal of Primatology, 64: 173-192. 

Rothman, J., Dierenfeld, E., Molina, D., Shaw, A., Hintz, H., and A. Pell (2006). 
Nutritional chemistry of foods eaten by gorillas in Bwindi Impenetrable National 
Park, Uganda. American Journal of Primatology, 68: 675-691. 



 

409 

Rothman, J., Dierenfeld, E., Hintz, H., and A. Pell (2008). Nutritional quality of gorilla 
diets: consequences of age, sex, and season. Oecologia, 155: 111-122. 

Rothman, J., Chapman, C., and P. Van Soest (in press). Methods in primate nutritional 
ecology: a user’s guide. International Journal of Primatology. 

Rothwell, E., Bercovitch, F., Andrews, J., and M. Anderson (2011). Estimating daily 
walking distance of captive African elephants using an accelerometer. Zoo 
Biology, 30: 579-591. 

Rovero, F. and T. Struhsaker (2007). Vegetative predictors of primate abundance: utility 
and limitations of a fine-scale analysis. American Journal of Primatology, 69: 1-
15. 

Rovero, F., Struhsaker, T., Marshall, A., Rinne, T., Pedersen, U., Butynski, T., Edhardt, 
C., and A. Mtui (2006). Abundance of Diurnal Primates in Mwanihana Forest, 
Udzungwa Mountains, Tanzania: A multi-observer comparison of line-transect 
data. International Journal of Primatology, 27.3: 675-697. 

Rovero F., Rathbun G., Perkins A., Jones T., Ribble D., Leonard C., and R. Mwakisoma 
(2008). A new species of giant sengi or elephant-shrew (genus Rhynchocyon) 
highlights the exceptional biodiversity of the Udzungwa Mountains of Tanzania. 
Journal of Zoology, 274: 126–133. 

Rovero, F., Marshall, A., Jones, T., and A. Perkin (2009). The Primates of the Udzungwa 
Mountains: diversity, ecology, and conservation. Journal of Anthropological 
Sciences, 87: 93-126. 

Rovero, F., Mtui, A., Kitegile, A., and M. Nielsen (2012). Hunting or habitat 
degradation? Decline of primate populations in Udzungwa Mountains, Tanzania: 
an analysis of threats. Biological Conservation, 146: 89-96. 

SAS Institute, Inc. (2010). JMP version 9.0.0. (Software). NC: Cary. 

Schoener, T. (1971). Theory of feeding strategies. Annual Review of Ecology & 
Systematics, 2: 369-404. 

Schroeder, J. (1994). Interpreting forage analysis. NDSU Extension Service Circular, AS-
1080. 

Schulman, L., Junikka, L., Mndolwa, A., and I. Rajabu (1998). Trees of Amani Nature 
Reserve, NE Tanzania. The Ministry of Natural Resources and Tourism, 
Tanzania. 



 

410 

Schofield, P., Mbugua, D., A. Pell (2001). Analysis of condensed tannins: a review. 
Animal Feed Science and Technology, 91: 21-40. 

Shimada, T. (2006). Salivary proteins as a defense against dietary tannins. Journal of 
Chemical Ecology, 32: 1149-1163. 

Siex, K. (2003). Effects of population compression on the demography, ecology, and 
behavior of the Zanzibar red colobus monkey (Procolobus kirkii). Ph.D. 
dissertation. Duke University: Durham, NC. 

Simberloff, D. and L. Abele (1976). Island biogeography theory and conservation 
practice. Science, 191: 285-286. 

Skorupa, J. (1988). The effects of selective timber harvesting on rain-forest primates in 
Kibale Forest, Uganda. Ph.D. dissertation. University of California, Davis: Davis, 
CA. 

Snaith, T. and C. Chapman (2008). Red colobus monkeys display alternative behavioral 
responses to the costs of scramble competition. Behavioral Ecology, 19: 1289-
1296. 

Stanford, C. (1998). Chimpanzee and red colobus: the ecology of predator and prey. 
Harvard University Press: Cambridge. 

Starin, E. (1991). Socioecology of the red colobus monkey in The Gambia with particular 
reference to female-male differences and transfer patterns. Ph.D. dissertation. 
The City University of New York: New York, NY.  

StatSoft, Inc. (2001). Statistica version 6 (Software). OK: Tulsa. 

Stocker, G., Unwin, G., and P. West (1985). Measures of richness, evenness and diversity 
in tropical rainforests. Australian Journal of Botany, 33.2: 131-137. 

Struhsaker, T. (1967). Ecology of vervet monkeys (Cercopithecus aethiops) in the Masai-
Amboseli Game Reserve, Kenya. Ecology, 48.6: 891-904. 

Struhsaker, T. (1974). Correlates of ranging behavior in a group of red colobus monkeys 
(Colobus badius tephrosceles). American Zoologist, 14.1: 177-184. 

Struhsaker, T. (1975). The Red Colobus Monkey. University of Chicago Press: Chicago. 

Struhsaker, T. (1988). Male tenure, multi-male influxes, and reproductive success in 
redtail monkeys (Cercopithecus ascanius). In A. Gautier-Hion, F. Bourlière, J. 
Gautier, and J. Kingdon (Eds.), A Primate Radiation: Evolutionary Biology of the 
African Guenons. Cambridge: Cambridge University Press.  



 

411 

Struhsaker, T. (1997). Ecology of an African Rain Forest. University Press of Florida: 
Gainesville. 

Struhsaker, T. (2005). Conservation of red colobus and their habitats. International 
Journal of Primatology, 26.3: 525-538. 

Struhsaker, T. (2010). The Red Colobus Monkeys: Variation in Demography, Behavior, 
and Ecology of Endangered Species. Oxford University Press: Oxford. 

Struhsaker, T. and L. Leland (1979). Socioecology of five sympatric monkey species in 
the Kibale Forest, Uganda. In J.S. Rosenblatt, R.A. Hinde, C. Beer, and M. 
Busnel (Eds.), Advances in the study of behavior, Vol. 9. New York: Academic 
Press. 

Struhsaker, T. and L. Leland (1980). Observations on two rare and endangered 
populations of red colobus monkeys in East Africa: Colobus badius gordonorum 
and Colobus badius kirkii. African Journal of Ecology, 18: 191-216. 

Struhsaker, T. and L. Leland (1987). Colobines: Infanticide by adult males. In B.B. 
Smuts, D.L. Cheney, R.M. Seyfarth, R.W. Wrangham, and T.T. Struhsaker (Eds.), 
Primate Societies. Chicago: University of Chicago Press. 

Struhsaker, T., Butynski, T., and C. Ehardt (2008). Procolobus gordonorum. In IUCN 
2011, IUCN Red List of Threatened Species, Version 2011.2, 
<www.iucnredlist.org>. Accessed Feb. 1, 2012. 

Struhsaker, T., Marshall, A., Detwiler, K., Siex, K., Ehardt, C., Dahl-Lisbjerg, D., and T. 
Butynski (2004). Demographic variation in the Udzungwa red colobus 
(Procolobus gordonorum) in relation to gross ecological and sociological 
parameters. International Journal of Primatology, 25: 615-658. 

Synergy Software (2003). KaleidaGraph version 3.6. (Software). Pennsylvania: Reading. 

Teichroeb, J. and P. Sicotte (2009). Test of the ecological-constraints model on Ursine 
colobus monkeys (Colobus vellerosus) in Ghana. American Journal of 
Primatology, 71: 4-59. 

Ting, N. (2008) Mitochondrial relationships and divergence dates of the African 
colobines: Evidence of Miocene origins for the living colobus monkeys. Journal 
of Human Evolution, 55: 312-325. 

“Udzungwa overview.” 7°50’15.27”S and 36°56’47.87”E. Google Earth. Nov. 23, 2008 
Accessed Feb. 1, 2012. 



 

412 

van Schaik, C. and K. Pfannes (2005). Tropical climates and phenology: a primate 
perspective. In D.K. Brockman and C.P. van Schaik (Eds.), Seasonality in 
Primates: Studies of living and extinct human and non-human primates. 
Cambridge: Cambridge University Press. 

Van Soest, P. (1982). Nutritional Ecology of the Ruminant. O. & E. Books, Inc.: 
Corvallis. 

Walter, H. (1985). Vegetation of the Earth and the Ecological Systems of the Geo-
biosphere. Third, Revised and Enlarged Edition. Trans. Owen Muise. Springer-
Verlag: Berlin. 

Waterman, P. and K. Kool (1994). Colobine food selection and plant chemistry. In A.G. 
Davies and J.F. Oates (Eds.), Colobine Monkeys: Their Ecology, Behaviour, and 
Evolution. Cambridge: Cambridge University Press. 

Weatherbase (2012). “Daru, Sierra Leona.” <www.weatherbase.com>. Accessed Jan. 12, 
2012. 

Westoby, M. (1974). An analysis of diet selection by large generalist herbivores. The 
American Naturalist, 108: 290-304. 

Wiggins, N., McArthur, C., and N. Davies (2006). Diet switching in a generalist 
mammalian folivore: fundamental to maximising intake. Oecologia, 147.4: 650-
657. 

Wong, S. and P. Sicotte (2007). Activity budget and ranging patterns of Colobus 
vellerosus in forest fragments in central Ghana. Folia Primatologica, 78: 245-
254. 

Workman, C. (2010). The foraging ecology of the Delacour’s langur (Trachypithecus 
delacouri) in Van Long Nature Reserve, Vietnam. Ph.D. dissertation. Duke 
University: Durham, NC. 

Wrangham, R., Gittleman, J., and C. Chapman (1993). Constraints on group size in 
primates and carnivores: population density and day-range as assays of 
exploitation competition. Behavioral Ecology and Sociobiology, 32: 199-209.  

Wright, S., Muller-Landau, H., and J. Schipper (2009). The future of tropical species on a 
warmer planet. Conservation Biology, 23.6: 1418-1426. 

Yiming, L. (2002). The seasonal daily travel in a group of Sichuan snub-nosed monkey 
(Pygathrix roxellana) in Shennongjia Nature Reserve, China. Primates, 43.4: 
271-276. 



 

413 

Zhou, Q., Wei, F., Huang, C., Li, M. Ren, B., and B. Luo (2007). Seasonal variation in 
the activity patterns and time budgets of Trachypithecus francoisi in the 
Nonggang Nature Reserve, China. International Journal of Primatology, 28: 657-
671. 



 

414 

Biography 

 

Ruth Irene Steel was born on August 30, 1983 in Morgantown, West Virginia. 

From 2001-2005, she attended Hampshire College in Amherst, Massachusetts and earned 

a bachelor’s degree in Liberal Arts. In her undergraduate dissertation, she presented the 

results of her 2004 field research in the Réserve Spéciale de Bezà-Mahafaly, Madagascar, 

on intraspecific morphological variation in the manus and pedis of the gray-brown mouse 

lemur (Microcebus greisiorufus). Ruth successfully defended her undergraduate 

dissertation to her committee comprised of Dr. Raymond Coppinger, Dr. Jason Tor 

(Hampshire College), and Dr. Laurie Godfrey (the University of Massachusetts, 

Amherst). She earned a Ph.D. from the Department of Biological Anthropology and 

Anatomy (now called the Department of Evolutionary Anthropology) at Duke University 

in May 2012. 


