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ABSTRACT 

Three groups of black howler monkeys (ACbmtta p i p )  were obsenred in Monkey River, 

Belize 6Lom June 1999 to August 1999, with the objective of determining diet, ranging, 

and activity patterns. The results reveded vanoations in all three aspects of behavior 

between age-sex ciasses and groups. In comparison to pubbshed accounts, the resuIts fit 

roughty into the pafameters for Afouatta, a genus known for its large degree of variability 

on the interspecific and intraspecific level. The small home ranges, low Level of diversity 

in diet, and high Levels of hgivory may be products of the short period of time each 

group was studied. 
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INTRODUCTION 

The primary god of this thesis is to provide a detailed description of the group 

size and composition, home range, diet, and activity budgets of three groups of black 

howler (Alouatta pigra) monkeys tiom Monkey River. Belize. This Alouana pigra 

population will be compared to published accounts of other species of the genus AIouutta 

for these variables, 

In this chapter, a brief ovewiew of the group size and composition, home range 

size, diet, and activity budgets of other species of the genus AIozcatta will be provided 

At present, few publications specifically focus on Alouatta pigra. Therefore, the majority 

of the published data that is presented refers to other species in this genus. 

The folIowing chapter, Chapter 2 (Methods and Materials), focuses on the 

methods applied throughout this study, the geographic location of the site, and the time 

period in which the study was performed. 

In Chapter 3 (Results) I report the results ofthe study. SpecificalIy L provide a 

quantitative description of the group size and composition, home range size, diet, and 

activity budgets for each of the thm study groups, for each age-sex cIass, and for the 

total sample of animals fiom Monkey River. Chapter4 (Discussion) compares these 

results to what is known about the other howfer monkey popdations in the genus 

A&ouattu, 



OvemDew of tbe Genus Aiouatta 

The genus Aiouatta contains six species with the largest geographic distribution, 

in the New World, ranging fkom Southern Mexico to Northern Argentina (Rosenberg & 

Saier 1989). The common name, the scientific name, and the geographic distribution for 

each species are as folIows: 

AIouatta pigra: The Guatemalan or Belizean bIack howler monkey; southeastern Mexico, 

Belize, and Guatemala. 

Alouatta paiiiata: The mantled howler monkey; southern Mexico, throughout Centrnl 

America, and the west coast of Colombia and Ecuador. 

Aiouatta bekebuk The red-handed howler monkey, northeastern Brazil, south of the 

Amazon fiver. 

AIouatta sminrIu: The red howler monkey; northern South America, north of the 

Amazon River in the in the east and south In to BoEvia m the west- 

Alouattafitscu: The brown howIer monkey; southeastern Brazil to northeastern 

Argentina 
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Alouatta carayu: The black howIer monkey is found in southern Bradl, eastern Bolivia, 

Paraguay, and northem Argentina 

Due to the genus' tack of specialization, howler monkeys can &st in a wide 

variety of habitats including most types of forests, salt-water mangrove swamps, and 

savannahs (Neville et al. 1988). Howler monkeys have been reported existing in habitats 

at sea Level and elevations exceeding 2,300 meters (Crockett & Eisenberg 1987). This 

variability allows the members of the genus to thrive in most neotropicd habitats but it is 

complicated for researchers to make cross species comparisons. 

Members of the genus AIouatta are among some of the largest of the New World 

Monkeys. Of the Neotropical primates, only animals fkom the genera Areles, 

Brachytele, and Lagothrir are of the approximate size or larger (Crockert and Eisenberg 

1987). All six species are diurnal and the most noticeabIe morphological feature of the 

genus Alouutta is the enlarged hyoid, allowing members of the genus to "bowl". The 

function of howling perhaps serves as a low energetic approach to spacing between two 

or more groups. Howling announces a group's location and eIiminates the need for 

physical confrontations (Horwich & Gebhard 1983). In addition to a specialized vocal 

apparatus, howIer monkeys possess a prehensile mil. The taiI fimcdons primarily as 

support mechanism during foraging bouts or Iocomotion throughout the forest canopy 

(Neville et aI. 1988). The fen@ of the taiI is approximatety the length ofthe body with a 

naked portion that enhances tactile stimdation (Rosenberg & Stder 1989). 
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AU species of howler monkeys are sexually dimorphic. The degree of sexual 

dhorphism varies among each species (Neville et aI. 1988). AduIt female black howIer 

monkeys (Alouatta curaya) weigh approximately 69% ofaduIt mates while adult female 

mantled howIer monkeys (Alouatta palliatu) weigh approximately 84% of the adult 

male's weight (Neville et al. L 988). Males and females in the genus both display 

external genitalia 

The large portion of leaves that are consumed by howter monkeys, has given rise 

to dental morphoiogy that assists in masticating large amounts of leafy material. The 

stomachs of howler monkeys are elongated and globular aiIowing large amounts of 

vegetatioa to be processed (Rosenberg & Strier 1989). 

Glander (1992) descnies howler monkeys as Living in multi-male m u l t i - f d e  

groups, uni-male multi-female groups, or as solitary ixldividuaIs. Unlike most primate 

species, both males and females emigrate at the j w e d e  stage of life. Recent emigrants 

have three alternatives: join up with another solitary individual, thus creating a new 

pup, join an existing a group, or remain solitary. Due to the & s p e d  of both sexes, the 

adults of most groups consist of undated individids. Joining another group eIiminates 

competition for food and other Iimited resources among related kin and increases 

incIosive fitness of the emiemigrant's parents- 
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The d t  of bi-sexual dispersd is a hear dominance hierarchy that is inversely 

Iinked to age (Glander 1992). In order to join an existing group, a female emigrant must 

systematically supplant the other indivr'cfuals. New femdes start suppIanting infits and 

juveniles of both sex, and ultimately, the adult femaies. After this succession is 

accomplished she becomes the alpha female. [fshe faik to supplant the other females in 

the groups she leaves and attempts to join another group or remains solitary. Emigrant 

mdes on the other hand directly challenge the alpha male to join an existing group. If 

successful, the new male assumes the alpha position. In both strategies, the younger 

emigrant displaces the older members of an existing group which gives rise to the 

inversely age Linked linear dominance hierarchy. Ken Grander's observations are based 

primarily on studies of mantled howfer monkeys, Alouatta pailiata. 

Group She and Composition 

Many theories have been developed to explain the existence of primate social 

groups. Wrangham (1979) suggested that groups formed on the basis of food resources. 

Furthermore, the size and distniution of food resources wiU determine the size of the 

primate groups that feeds on the partidar resourcee Those species that feed primarily on 

widely distributed food resources can Live in Iarge groups with Iow IeveIs of intrapup 

competition for food Species that exploit smaII, patchy food resources, live in smaller 

groups with maeased Ievels of  intmgroup competition for food 
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Van Schaik (1983) has suggested that predator pressures have forced primates to 

exist in groups. This concept suggests that a high number of individuals will have a 

increased probability of detecting a predator and larger groups may play an effective role 

in predator defense. Van Schaik and Dunbar (1990) have hypothesized that group Iiving 

may have evolved to resist infanticide by unrelated males. It is proposed that females 

band together and seek out males that can protect infants within a group fkorn outside 

mdes. 

Aiouafta Group Size 

The genus Alouana poses interesting questions to the above hypotheses. Each 

hypothesis may pIay a role in howler monkey group Living for the following reasons. 

First, most howIer monkey troops are MllnerabIe to predation (Peen et al. 1992). 

SecondIy, howlers compete for food resources both within a group and between groups 

(Glander 1992, SeMic 1982)- Lady, researchers m the field have obsemed outside 

males committing infanticide to unrelated infants (Agoramoorthy & Rudran 1995, 

Rudran 1 979). 

When reviewing published accounts, it becomes obvious that within the genus 

AIoumta, there exists an exlreme amount of variation in group size and composition. The 

adaptability ofthe species and the members of the genus to thrive in habitats not suitabIe 

for other Neotropicd primates, perhaps best expIain this variation. Howler monkeys 

have been observed Living aIone or in groups that numbering two to forty individuak 

(Grander 1992, Chapman 1990). Variations of group size can change within the same 
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location throughout time due to a host of environmena factors. Crockett and Eisenberg 

(L987) mention the foIIowing influences that increase or reduce the mean group size in a 

specific Location: epidemics, natural disasters, predations, abnonnaI seasonality, human 

habitat destruction or preservation, and human hunting. The numerous factors that can 

drastically innuence group size in one site make it difficult to make accurate comparisons 

h r n  site to site. 

The abiiity of howler monkeys to inhabit marginal environments is probably 

responsible for such wide reports on group sizes. Rumiz (1990) compared two 

populations of black howler monkeys (A&ouatra caruyu) in Argentina One population 

inhabited a small flooded island The second popuiation inhabited the forests near the 

riverbeds. The island population had an o v d  higher mean group size ( 102 animals) 

and population density (27.5 groups per square kilometer) in comparison to the forest 

population; mean group size of 6.4-8.1 animals and a population density of 5.7 

individuals per SF kilometer. 

Some howler troops are found in sympatric associations with other primates 

(Chapman L 990, Simmen 1992). At such sites, howlers must share resources among 

other groups of NeotropicaI primate species. Simmen (1992) found that howler monkeys 

won and lost agonistic interactions between spider monkeys over Bagma fh&- 

Constant loses at a preferred site may posh a troop into a rnarghd habitat with reduced 

nutritiod benefits. Furthermore, higher population densities wouid depIete resources 

rapidIy. Gfander (1992) reported red howlers IIving in secondary growth forest The fact 



that howlers obtain suf35cient water fkom their diet may aIso i n m e  their ability to 

colonize newly regenerating forests and poor environments (Bicca-Marques 1992). 

Troops inhabiting habitats with low carrying capacities shodd have reduced numbers, 

The ecologicaI variability lends itself to group size variability among members of the 

same species and between species of howter monkeys. 

The following chart illustrates the variations among group size between five of 

the currently recognized species of howler monkeys. 

TABLE 1.1 Variations of Group Sizes 

Author 

* O m  et al, 

Year 

Zucker & 

1999 

Species 

L998 
Clarke I 

Bicca-Marques 
& 

Caiegaro- 

Location 

A. pigra 

A. senicuius JulLiot 

Marques 
S b e n  

Community 
Baboon 
Sanctuary, 
Behe 

A. pailrirta 
Costa Rica 
Noraque 
Station, French 

t996 

1994 

Glander 

>it the 

La Pacifica, 

1992 

Da Silvia Jrc 

Comrmmity Baboon Sanctuary in BeLee 

A. caraya 

I 
A. senicuTrrs I Les Noragues, 

1992 

Guiana 
Santa Genera 
Reseme, BraziI 

I French Guiana 
A. palIiata I La Pacifica, 

*Ostto provides the mean group size for seven d i f f i i  groups that inh; 

i981 
I costa ~ i c a  

A.fiLFc4 Can- 
Resenre, Brad 



AIouattu Group Composition 

Howler monkeys are found Iiving in; unimaIe multi female groups multi male 

muki female groups, or as sobtary individuals. Group compositions also vary within and 

between study sites. Neville et al. (1988), criticized the lack of a reliable methodology 

which contriiutes to this dilemma. Workers in the field define juveniles, sub adults, and 

adult individuals without a agreeable methodology, resulting in potentially unreliable 

results for group compositions. 

Bisexual transfer in the genus Alouatta influences sex ratios and group 

composition. Males in howler monkey troops may transfer into new groups alone or with 

another individual (Agoramoorthy & Rudran L995). New males may or may not evict 

the alpha male of the group. On rare occasions natal maies will remain in their nataI 

group (Clarke e t  al 1994). Females may or may not remain in their natal group. Glander 

(1992) suggests that females Leave their natal group to increase their foraging efficiency 

and to eliminate competition for food among kin. Females may also join a group alone or 

with another female. GLanda (1992) found that males remain solitary for a longer period 

of time when compared to females. Longer periods ofa solitary Lif-le increased the 

probability of falling prey to a predator, fighting or avoiding an established group, and 

coPsrrming a Lower Wty of food These flctots Increase the likeBood of death for a 

solitary maIe individual and may account for the fact increased number of female in 

gronps- 
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R e  (1990) notes many social infIuences on group sizes are outcomes of the 

social structure of black howIer monkeys. The dispersal ofboth sexes constantly changes 

the number of individuals in the group, the social composition, and the sex ratio. 

Recently transfmed animals or infanticide change the group's dynamics in a similar 

fashion. These influences are characteristics of howler monkey social organization and 

do not take into account ecological factors. 

Table 12 summarizes some published data on the age sex composition of howler 

groups. The chart provides data f?om three of the six species in the genus Alouatta. 

Among the groups in the same location there are diffinces in composition, as well as a 

large degree of variation between the three howler monkey species listed below. 

TABLE 1.2 Howler Monkey Group Sizes and Compositions 

Author 

Agoora- 
moonhy 

& 
Rudran 

B ica- 
Marque 

& 
Caiegaso- 

, Marque 
Julliot 

& 
Sabatier 

Neves & 
RyIand 
Bolh 

i 

Year 

1995 

1994 

1993 

I991 

1981 

Species 

A. 
senicuIus 

A.caruya 

Mean 
Group 
Size 
I2 
I3 
I 1  
9 . 
9 

17 

# o f  
Adult 

. Males 
I 
I 
I 
I 
I 

I 

A. 
seniculus 

A. 
senicuius 

6 

10 

#of  
Adult 
FemaIes 
4 
4 
3 
3 
4 

4 

I - 3 2 

A+ pigra 

# of 
JuveniIe 
Mafes 
4 
2 
3 
E - 7 

3 

0 

1 
I 
0 
0 
0 

1 0  I 

3 

6 
4 
4 
6 

0 
1 
0 
2 
I 
2 

# of 
Juvenile 
Females 
- 3 
4 
I - 3 
1 

6 

- 3 I 
-. 

1 E 
: 0 
: - 3 

I 
1 
2 

3 

0 

I 

2 - 7 . O  

1 

#of 
In& 
Males 
I 
2 
3 
- 7 

0 

2 

0 

I 
E 
I 

: I  
: t  
. E 
' [ 1 0  
2 : 0 

4 
7 

# o f  
inf'ant 
Females 
0 
0 
0 
0 
I 

I 
I 

I 

I 1 
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*The above chart serves only as an example to illustrate the variation in group 
compositions among groups of AIouatta- 

Home Range 

Home range and ranging behavior fiom location to location also varies 

tremendously among the members of the genus Alouana. Differences in habitat quality, 

group sizes, and population densities dl influence home ranges and ranging behavior 

(Neville et al. 1988). 

Differences in home range are amibuted to population densities and the quality of 

habitat. Ostro et al. (L999), found that Aiouatta pigra use their home ranges in a seasonal 

manner. The troops used ody 28% of their range in the month of April and traveled 

between feeding sites distributed within the home range. Ostro et d. compared ranging 

behavior in troops existing in two nature reserves in Belize. The first study group had 

smalIer home ranges in comparison to the second population. The first study group 

inhabited a region with higher densities. The second population had a lower population 

density; this d t e d  in overalI Iarger home ranges and fewer intergroup interactiom. 

The second population inhabited an area w i ~  Iower abundance and diversity of food 

resources. Ostro et aI. (1999), found that the first population had a si@candy Iarger 

day range pattern and d e r  home ranges when compared to groups h m  the second 

populatioe Longer day ranges are a t t r i i d  to the Iarger group sizes. The Iarger groups 

depleted the food at one site in a rapid manner when compared to the second popuIatioe 

In this case, ranging behavior is M e d  to p u p  size (and food density and qnaIity) aad 
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not to the size of a group's home range. Ostro et al. (1999) findings agree with 

Crockett and Eisenberg (1987). Crockett and Eisenberg (1987) analyzed the home ranges 

of howlers in a variety of locations and found that home range is inversely related to 

howler population densities. 

A high degree of home range overlap suggests that the troops are less territorial 

than once thought. Neville et aI. (L988), propose that howler monkey troops maybe 

defensive if another troop is seen approaching their group and less defensive if a troop 

enters their range. SeMic's ( 1982) work at Hato Masaguaral, Venezuela, noted that 

troops howled when another group was in sight SeMic's study site is densely populated 

with monkeys. Honnrich and Gebhard (1983), indicated troops of dlouattcl pigra howled 

due to territorial defense. 

Howler monkeys may inhabit sympatric envimnments with other neotropical 

primates (Chapman 1990, Simmen 1992, Fedigan et ai. 1985, Fedigan 1986, Cant 1986, 

Estrada & Estrada-Coates L984). Howlers appear to act neutrai in interspecific 

encounters (NevilIe et al. 1988). Simdtaneons consumption or range overlap of specific 

trees quickly deptetes resources and may increase home range and ranging behavior. 

Most dietary overlap occurs at Large fhiting trees (Sinmen 1992). 

The tabIe beIow serves as an overview of repotted home ranges by the members 

ofthe genus A[ouatta- Variations in home range (ha) size occur between sites and 

species. 



TABLE 1 3  Howler Monkey Home Ranges between Sites 

Author 
* Ostro et al. 

** Stoner 

Year 
1999 

Chiapello 

1994 

Bicca-Marques & 
Calegaro-Marques 

Jdiot&Sabatier 

Species 1 Location 
A. pwa I CBS, Belize 

1994 

L 

Simmen 

** Stoner averaged the home range of multiple groups in La Selva, Costa Rica. 

Home Range (ha) 
9.6 

1994 

1993 

Neves & RyIands 

Estrada & 
Estrada-Coates 

Activity Budgets 

18.7 
5-29 

1 CBWS, Belize 

A. &cu 

1992 

In gcnerd, d i d  primates engage in the same behaviors throughout the day. 

Differences become apparent in the total amount of time engaged in certain activities. 

Most primates are quite active during the dawn and dusk hours (Fleagle 1988)- For most 

primates each day can be divided into three basic categories: resting moving, and 

feeding. The number of behaviors a primate may engage in is plentifUl but m the large 

pic- most behaviors occupy a smaII amount oftime (FIeagle 1988). For example 

grooming or sex may occur numerous times in one day but the o v d  time engaged m 

A- palliata 

A. caraya 

A. @ca 

* Ostro et al. compared two populations at two different locations in Belize. 
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Nourague, 
French Guiana 

2 

45 

Les Noumgue, 
French Guiana 

Reserve # 1202, 
Brazil 
Los Tuxtlas, 
Mexico 

22 

13 

60 
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these behaviors is smd. A concise activity budget uncovers differences or similarities 

among different ages, sexes, groups, or species. For example, in most primate groups, 

traveling occurs in the early morning hours ofa day. Comparisons between the activities 

of different ages will uncover differences in time spent feeding, playing, and resting. By 

constructing activity budgets, researchers can understand how primates interact with their 

environment. For example, extended periods of resting may be due to a large folivorous 

diet or merely an emergent factor of an abundant food source that reduces the need to 

move about. An accurate activity budget and study of ecological variables are critical in 

understanding primate social behavior. 

Activity Budgets for Alouatta 

Neves and Rylands ( 199 1) comprised activity budgets for a p u p  red howler 

monkeys at the Colosso Reserve (Reserve 1202) in Brazil. The groups spent 67% of their 

time resting, 22% of their time feeding, and I I% of their time moving throughout their 

home range (Neves & RyIauds 199 L). The Long periods of resting are perhaps related to 

the large amounts of Ieafjr material consumed 

Bicca-Marques and Calegam-Marques (1994) constmcted activity budgets for a 

group of black howler monkeys (Aioum caraya) inhabiting the Estancia Casa Branca 

site in Brad- BehavioraI data was collected for 60 days fkom dawn to dusk. The 

researchers found that with age, animals tend to move less and rest more. Significant 

differences were found between age-sex classes in feeding, resting, Iocomotion, and 



1s 
social behavior. The results ofthe study suggest that diff int  ages and sexes use their 

time in a different manurn. Differemas can be h e  result of priority of resources, 

gestations and Lactation, and an overall need for energy for smaller individuals (Bicca- 

Marques & Cdegaro-Marques 1994). 

Braza et al. (198 L) andyzed the activities of red howIer monkeys at Hato de1 Frio, 

Brazil. The researchers extracted eight complete days of data Rainy and dry season 

results showed that howlers spent 18 and 15% of their time engaged in locomotion 

behaviors, 20 and 24% of their time in feeding behaviors, 38 and 43% of their time in 

sleeping behaviors, and 24 and 18% of their time m resting and other activities. 

Crockett ( 1987) compared the activity budgets from two populations of red 

howler monkeys at Hato Masaguaral, Venezuela. One population inhabits a gallery 

forest, while the other inhabits an open shrub woodland forest. Differences in the 

habitats were reff ected through the activity budgets of  the two populations. Those troops 

inhabiting the gallery forest spent more time restingt and traveling. Troops inhabiting the 

woodland forests spent more time in mixed activities and feeding. Crocken nedects to 

provide percentages of time spent m each behavior, but offers a comparative example of 

the activities of two populations tiving in different habitats. 

Saver et aI. (1998), constructed activity budgets for six troops, of A l m a  pigra 

inhabiting the banks of the Bebe River. The study groups spent an average of24.4% of 

their time each month feeding, 619% of their time each month resting 9.8% oftheir time 
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each month traveling, 23% oftheir time each month engaged in social play, and 1.5% 

of their time each month vocalizing. 

Each of the above studies report a variation in the in the amount of time each 

group, population, or sex-class spends in different behaviors. 

Diet 

Howler monkeys have been classified as folivore-hgivores (Crocket & 

Eisenberg 1987). Howler monkeys eat a wide range of vegetative matter including: 

mature and immature leaves, ripe and unripe hi ts ,  buds, flowers, b e  seeds and nuts, 

and twigs (Neville et ai. 1988). The ability of howler monkeys to exploit Iarge amounts 

of leaves has probably allowed the members of the species to thrive in marginal habitats. 

In addition, the large intake of Ieafy matter has probably reduced d d y  ranging patterns. 

Milton (1980) suggests that the relatively low energetic consumption of leaves by howler 

monkeys has perhaps led to their lack of movement This suggestion is debatable, for 

some groups of howIer monkeys subsist largely on fittits as opposed to leaves. Those 

groups exploiting a large biomass of fi-uits do not necessariIy range fanher in a day. The 

percentage of time each group eats a food type may depend on the season thus, Iong-term 

studies best describe howler monkey diets. 

I d i o t  (1996) observed a group of red howIer monkeys for two years at the 

Norague Station in French Guiana, From a pooI of 1,540 hours ofbehaviord data, she 

constructed feeding budgets for the troop. The study group's diet was composed of57% 
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Leaves, 25.5 % fruits, and 12.5% flowas. The troop consumed a total of 195 plant 

species representing, 47 families (Julliot 1996). Dietary compositions were obtained by 

direct observations and fecd analysis. The troop's diet reflected seasonal variations 

throughout the year. In a previous paper, Julliot and Sabatier (1993) observed the same 

troop. A total of 9,256 observationd feeding units were collected in I9 months. The 

overail dietary budget was as follows: leaves 54%, f i t s  21 596, and flowers 12.6%. 

Additional foods included immature fluits (0.4%), mature leaves (3%), termitariea ( 1.5%), 

and bark (0.4%). The authors occasiooaIIy observed the monkeys eating mosses and 

other food sources but theses food sources, contn'buted very tittle to the overall diet and 

no percentages were reported. Consumption of food types seemed opportunistic and 

seasonal. The monkeys ate what food was available throughout the year. 

Neves and Rylands ( 199 1 ), observed red howlers m a isolated forest patch in 

Central Amazonia (Brazil). The total observation time was 49 1 hours aad spanned over a 

five-month period (September to January). During tbe study, the troop's dietary budget 

was comprised of 56% leaves, 13.5% fhits, 4% flowers, and 27% seeds. The authors 

noted seasonal fluctuations in the troop's diet. Leaves were consistently eaten throughout 

the study but flowers became the second most important food item in the month of 

September. Seeds were the second most important food some throughout the rest of the 

study. The researchers recorded over L30 plant species that were consumed by the 

monkeys. What is u n d  is the high degree of seed consumption. Neves and Ryiands 

(I99 1) suggest that the high rates of seed mtake are due to the restricted home range the 

troop inhabits with few h i t  trees- 



Braza et al. (1983) analyzed the diet of red howler monkeys on the Venezuelan 

plains. The team of researchers observed the feeding behavior via direct observation, 

andyzed fecal matter, and dissected monkeys and analyzed gut contents. A dietary 

budget was not provided. However, over 63 Herent food species were identified The 

food types consisted of fkuits, flowers, leaves, grasses, legumes, bark, and woody stalks. 

Braza et al. (1983) concluded that the troop ate specific hits  at specific time periods 

dependent on the season. 

Galletti et al. (1 994) observed the feeding behavior of red howIer monkeys dong 

forest hgment edges at the Santa Genebra Reserve in Brazil. The study was conducted 

from the months of ApriL 1988 to October L 99 1. The researchers recorded 366 feeding 

bouts and 56 food items were identified The diet of the howlers based on the feeding 

bouts comprised of 75% leaves, 15% fiuits, and 1 0% flowers (Galletti et al. 1994). The 

diet composition varied monthly. Leaves were consumed at high Levels year round. 

Eighteen species of flowers were consumed after blooming. The howlers appeared to 

prefer those flowers rich in nectar. Fruits were consumed on a seasonal basis and varied 

with avaiIabiLity. 

ChiareiIo (1994), observed the diet of a troop of howler monkeys for 718 hours at 

the Santa Genebra Reserve as weIL ChimUo focused on one group as opposed to 

numerous groups by Gdetti et aL The d t s  of ChiaraIIo's study are as folIows: Ieaves 

comprised 73% of the dief finits made up 5%, flowers I2%, petioles and twigs 3%, and 



unidentEable food items 8%. Chiareb's results agree largely with GaIletti et aL 

Seasonal shifts in the winter led to more flower consumption. Leaves were always 

predominant and h i t  was eaten when available. 

Chapman (1987) studied mantled howler monkeys at Santa Rosa National Park, 

Costa Rica during four field seasons from July 1983 to August 1986. Obsemations were 

focused on three species of New World Monkeys. A total of 394 hours were gathered on 

the howler monkeys. The percentage of total feeding time spent eating different food 

parts are as follows; h i t s  28.5%, flowers 22.5 %, and leaves 49%. 

Estrada and Estrada-Coates (1986) found that mantled howler monkeys in Los 

TwtIas, Mexico spent 46% of the time feeding on leaves and 53% of their time eating 

fruits. The 'heleafy portion of their diet represented 34 species from 2 1 plant families. 

Milton (1979) began a long-term study of the feeding ecology of mantled howler 

monkeys of Barro Colorado IsIand. Over five years, the animals spent 482% of feeding 

time on leaves, 42.1% on hit, and 9.6% of their time feeding on flowers. Of the time 

spent on leaves, 82% of the time was devoted to immature Ieaves. Younger Ieaves 

contain more protein, Iess to-, and Iess fibrous materials than mature Leaves (Milton 

1979)- Immature leaves are probabIy more difEcuft to procure but easier to process. 

Silver et af. (1998) observed six troops ofbIack howler monkeys (Almuttu p i p )  

on the banks of the BeIize River. A total of 1,160 hours of behaviord data was colIected 
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via focal aaimal sessions lasting 25 minutes. The diet of the howters consisted 

primarily on foliage and fits. Young Ieaves comprised 372% of the diet, mature leaves 

7.9%, fiuits 40.8%, flowers 10.6% and other food sources 3 -4%- The researchers 

identified 551 plants species that the howlers fed on. Ripe fruit was eaten 9 1% of the 

time, some species of fiuit were eaten whole and some species the seeds were spit out. 

Leaves were eaten year round and f i ts  and flowers had seasonal peaks. The researchers 

did not observe the howlers eating any animal matter. 

Coudusion 

This objective of this study is to compare the group size and composition, home 

range, dietary behavior, and daily activities of three troops of black howler monkeys 

(Alouattu pigtn)  to what is known ofthe larger genus. 

The variation within this genus is probabIy the product of environmental factors. 

By understanding each group's environment and the variabIes within that environment, 

comparisons can perhaps be made m a clear manner. Because of the tremendous 

variation within the genus Alouatta, behavioral dichotomies that are created by 

researchers are challenged such as foIivore or hgivore, rmimale or mnlti-male groups, or 

tdor ia l  vs. non-territorial species (Crocket & Eisenberg 1987). With such a extreme 

degree of variation within the genus Alomtta, only one property ofhowier monkey life is 

dependabre and that is variation itseff- 



Chapter Two- MEHTODS AND MAMATERIALS 

Study Site and Study Groups 

The study site is located approximateiy one kilometer inland on the northern shore 

of Monkey River, Belize. The site is best characterized as a broadleaf, riparian forest belt 

that lies between the river to the south, and a road to the north. The approximate 

elevation of the field site is sea level meters. The average annual raidid1 ranges fiom 

200-250 cm and the average temperature during the study ranged from 28-34 degrees 

Celsius (Beletsky L 999). The road mas parallel to the river creating the forest belt and 

isolating the inhabitants thereof. The forest belt is divided into two parts by a large field, 

which is cleared annually. 

Data collection started Wednesday7 June 3 and terminated Saturdayt August 14 of 

I999. A group of three researchers collected data. In the first month James Loudon, Brad 

McVittie7 and Katie Kaput collected the data. For the remainder or the study, two 

researchers (James Loudon, and Brad McVittie) coilected data. Data were collected six 

days a week with the remaining day to rest and andyze data. Ifpossibie, the researchers 

coIIected data on a diffefent group each day. The time of day when data collection began 

was staggered for each group to obtain a accurate description of the activities the groups 

engaged m each hour. Troops were located via vocaiizations or movement within the 

trees. In many instances the monkeys were silent and compIeteLy In such an 



instance the researcher waked the Pails in search of a focal troop. Upon Locating a 

group each member was counted and reconled to determine the age and sex compositio~~, 

The project focused on three p u p s  living in the forest Of the three, Group #I 

inhabited the eastem most fotest patch, separated firom the remaining forest by the field 

and geographically isolated to the south by the river and north by the road The second 

group (Group #2), inhabited a large portion of the western forest and a d l  region in 

the eastern forest patch, across from the field The second group's border included the 

river to the south and Group #3 to the noah. The final group, inhabited an area in the 

western forest belt, bordered south by Group #2 and north by the mad Initial 

obsentations led the researchers to believe four groups inhabited the forest belt. Mer 

finther investigation, Group #3 was obsewed in two sub groups. 

To determine the home range and of each group, the researchers marked the forest 

with fluorescent flagging tape. Trails were labeIed with a Ietter and a number was issued 

to each flag to determine a sequence. Each flag had the td letter and number; allowed 

the researcher to record the Location of the focal animal for each session. 

The researchers then copied all the hfiormadon on data sheets. Each data sheet 

contained the tl ag coordinate, the distance between the flag and the previous and 

folIowing flag This enabled the mearchers to easily locate whexe they were in the forest 

and to record the £Iag that a troop was nearest The distance between each tlag was 

measured by an etemonic range finder- The Iocation of each flag was measured with a 
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handheld compass. The same researcher measured the distance between each flag, and 

compass bearing, to reduce human error. The first researcher (using the compass and 

range finder) took a compass reading and distance h m  the flag he was at to the next flag 

and d e d  out to the two other researchers, One researcher recorded the infior~~tioa on a 

data sheet and the third researcher cleared the tmils ofany debris and brush. It shouid be 

noted that local people of Monkey River Town cleared the major trails. The researchers 

mainly kept the trails &om becoming overgrown with brush and saplings. However, on 

several occasions, the researchers cleared auxiliary traits to avoid the flooding to collect 

data where remote trees were fruiting, or to make a more efficient route between various 

Iocations. 

In addition to flagging trails, the researchers entered geographical locations with a 

handheld gIobd positioning system (GPS). GPS points were entered at the end of any 

trail that ultimately joined up to the road, at various locations on the river, and at the field 

where the researchers took breaks. 

Home ranges were determined by viewing all the data and all the locations of  

each troop. If possible during each focaI session, the researcher recorded the location of 

the truop. Wherever the troop was observed is considered part of that mop's home range. 

Diet 

The researchers recorded all food items consumed by the monkeys. The 

researcher recorded: each species consmned, what part of the species that was consumed, 
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and ifpossibie, the state of the food. The parts of each species include: leaves, f i t s ,  

flowers, or shoots. The state of each food was merely ripe or unripe fiuits or mature or 

immature leaves. All data recorded regarding the part and state of the food was included 

in ad Lr'bitum notes, 

Activity Budget and Feeding Budget 

Data on activity and feeding budgets were collected using ten-minute focaI animal 

sessions (Altmann 1974). A minimum of twetve sessions were collected daily on each 

age and sex class (individual identification of animals was not possible). Sex was 

determined by each animal's external genitalia and with the aid of binoculars. The 

researchers determined the age class of each animal by size. The researchers established 

the following categories: adults, juveniles, and infants. If a focal animal was l o a  during 

the sample for a time period exceeding 15 minutes, the session was discarded. Each 

focal animal session included the date, time of day, group, the sex and age class of the 

focal animd, the Location ofthe focal animal, the temperature, and a description of the 

weather- 

Two cIasses of behaviors were recorded: event and states, The three researchers 

constructed an ethogram, after a three-week period of preliminary observations. The 

p r e h i n a r y  observations dowed the researchers to distinguish each sex, establish 

categories for age classes and deveiop accurate descriptions of distinct behaviors that 

were observed For the purpose ofthis study, an event is defined as a behavior of short 
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duration, not exceeding one second. Events were totaled and measured in terms of 

their fmluency. States can be defied as behavioral patterns of relativeIy Iong duration 

(Mardn and Bateson 1996). The total amount of time engaged in a 6bstate'7 behavior was 

measured. The precise time was noted when the focd animaI engaged in a new behavior. 

This provided the researchers with a start and ending time of every behavior and allowed 

time budgets to be calculated. While collecting focal data, the researchers recorded ad 

libitum notes to provide a qualitative 'tontext" when the data were transcribed at a later 

time period. 

When recording feeding, observers noted the species and plant part being 

consumed. The researchers constructed an ethogram, which accurateIy described all 

behaviors and who initiated or received each behavior, Increased attention was focused 

on feeding behaviors (see below) and inter-group interactions. At the occurrence of an 

inter-group interaction, the researchers would terminate focaI samples and go directiy to 

the interaction and take ad libitum notes. This provided the researchers with an idea of 

each group's range, how each troop defends its range, and the behaviors the iadividuais 

are engaged m during the interactioa 

Data AnaIysis 

Group size and composition and home range was cdcdated for each pup. 

Activity and feeding budgets were d d a t e d  for each ofthe three study pups, as weII 
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as for each age-sex class within each group, each age-sex class regardas of group 

membership, and for the total sample of 32 animals, 

By using Lehner's Minimum Polygon Method (1996), we determined the home 

range of each of the three groups. This technique uses all locations where the troop was 

observed to form a polygon representative of the home range. Each diet and feeding 

budget was extracted fiom focal animal data. 



States 

Inactive (I)- This is a default behavioral category which is used ifan individual is not 

engaged in any activity- Behaviors include sitting, Lying with eyes open, sleeping, or sun 

bathing. 

Feed On (F0)- This behavior is the act of masticating, consuming, foraging among food 

sites, or drinking water. This broad category also includes the act of obtaining food such 

as reaching for a food item with the hands, feet or, mouth. 

Locomotion (LO)- The state includes every form of moving from one location to another. 

Such behaviors include: quadrupedal walking and nmning, bipedal waking and nmnhg, 

bridging, aided brachiating, leaping, and climbing upon a substrate. 

Hang (H)- An individual engaged in a behavior in which it is under the substrate to which 

it is sopported by. This includes; using one to all four Limbs and the prehensile tail. 

Out of Sight (0s)- If the observer can no Ionger observe his or her focal animd this 

behavior is recorded Samples in which the focd animd is not observabIe for a period of 

time cxceeding one and a halfmimutes will be discarded, 



28 
Sit Near (SN)- Individuals that are within meter &US to the focal animal are recorded 

in this behavior, 

Sit in Body Contact (SIB)- This behavior includes inactive activities in which the focal is 

in body contact with another animal. The following behaviors are encompassed; 

huddling, holding, lickingt touching, lying in contact, and sitting in contact with another 

individual. 

Ventral Cling (VCL)- Mmts that are clinging to a larger animal's (usually adults) 

ventrum for suppor~ This behavior is intended for sessions when an inf'mt is the focal 

animal. It doesn't take into account what behavior the larger animal is engaged in. For 

example, iafaats may cling to a moving or an inactive female. The behavior recorded 

remains irenaal cliag". The moving female's behavior maybe recorded in the ad libitum 

notes 

Dond Cling @a)- This behavior uses the same pretence as the behavior above. An 

iafant ciinging to a Iarger animal's dorsal side for support is the reqpirement for this 

behavior, 

Ventral Carry (VCA)- This behavior focuses on the Iarger animaf that is carrying a 

smaller infant on its ventd side- T6is behavior is kitended when the focd a n k d  is an 

addt or juvede- 
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Dorsal Carry (DCA)- Larger individuaIs who are carrying smaller Infant on their dorsd 

side are engaged in the dorsal carry behavior. As above, this behavior is intended for 

adult or juvenile focaI scans. 

Copulation (C0)- This behavior is strktly focused on the act of sex. That is, the males 

penetration into a female's labia It does not include dominant and submissive mounts. 

Vocalization (V0)- Vocalizatious can be categorized as either states or events. Any focal 

animal engaging in vocalizations that exceed 2 seconds are included in the state 

vocalization category. Such vocalizations include, gnmts, and roars. This criteria, 

excludes alarm caUs and barks. 

Social Play (SP)- Individuals that engage in any pIay activity with another individual. 

Play behaviors include; wrestling, slapping, chasing others, play bites, pulling hair, and 

grabbing. Play behavior is a non-aggressive behavior and may include play faces and 

vocalizations, 

Non-Social Play (NSP)- Non-social play o c m  when an individual is engaged in pIay 

behaviors done. It is directed at infants, which constantly approach and leave another 

individual. This category includes behaviors such as pIaying with inanimate objects, or 

crawIing upon other individuals who are inactive. 
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Scanning (SC)- Individuals who engage in this behavior are visually inspecting their 

environment. Scanning includes looking intensely at a particular object or looking to and 

for in a general direction at a number of objects. 

Vigilance (VG)- ViNance is much Like scanning, differing ody intensity and duration of 

the scan, Vigilance is characterized by an individual engaging in many short scans. Such 

behavior is observed when another group is near, a predator is near, or the individual is 

obsenring its group fiom afar* This behavior differs fiom scanning in intensity and 

context Vigirance in this context is used as an alerted or cautious state. 

Mount (Mt Includes both males and females which mount the ano-genital area of  

another animal. Mounts are submissive and dominant in context. Both dorsal and ventral 

mounting may be recorded. 

Embrace (EM)- This behavior is simply defined by an animal wrapping one or dl four 

Limps around another animal's dorsal or ventral side. 

AlIogroom (AL)- Any behavior in which the focal animal receives of M a t e s  the 

folIowing; inspect or combing through the hair of another individual, removing dead skin 

or parasites b m  another individual. Manipulation of hair may be preformed with the 

forelimbs andlor hind Limbs. 
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Autogroom (AU)- AlI of the above behaviors, in which the individual directs its 

attention to itseras opposed to another individual. 

Events 

Approach (A)- This behavior may be initiated by the focal or received by another 

animal(s). It includes Locomotion to another individual (initiated) within a one-meter 

radius in any direction or being the recipient thereof. 

Leave (L)- This behavior may be initiated or received by the focal animals. It includes 

Locomotion to away from another animal (initiated) within a one-meter radius in any 

direction or being the recipient thereof. 

M d e  0- A behavior in which the focai animal rubs its face upon another animds 

face. Muzzling may also include kisses. The focd animal can be the initiator or recipient 

ofthis behavior. 

Lunge (LW- Lunging occurs when an individual leaps or rapidly advances toward 

another monkey or animal. Lunges are agonistic behaviors, which are initiated and 

received by the focal animaL 

SIap (a)- Slapping is an agonistic behavior in which an animal strikes mother animaI 

with its' forehb. The focd subject may be either the initiator or receiver- 



Brancfi Shake (BS)- Behavior in which the focal animal shakes a tree Limb or branch, 

This agonistic behavior is u d y  one component of an aggressive display directed 

toward another individual, another troop, or a researcher. Often branch shaking is 

accompanied with pilo erect hair. 

Branch ' b o w  (BT)- Behavior in which the focal animal breaks off a portion of a tree 

Iimb or branch and throws it at another individual. The recipient of the throw includes; 

another monkey tiom the same group, a monkey form a neighboring group, a potentiai 

predator, or a researcher. 

Scratch (S)- This category is characterized by the focal animal repeatedly rubbing or 

raking a pomon of the body with its fingers. Scratching maybe preformed with the 

fo~limbs. hind Limbs, or tail. Scratching may relieve a skin irritation or remove 

invertebrates k r n  a specific area Excessive scratching in some cases is an abnormal 

behavior and may indicate an individual under a high degree of stress. 

Elimination (El- A animal that is urinating or dekcating. This behavior maybe cIassified 

as either a state or event, 

Bridge @R)- This event is characterized when a hdividud is between two substrates, 

hofding both with hind Iimbs, fore h b s ,  and ta& in the process of crossing 
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Quick Vodkation (QV)- A vodization produced by an individual no Ionger than 2 

seconds in duration. Quick vocalizations include; aim calIs, contact calls, and barks. 

Unknown (?)- This defauit category indudes all behaviors that do not exist in the 

ethogram or c a ~ o t  be identified by the researcher. 



Chapter Three - RESULTS 

Group size and Composition 

The entire study population consisted of 32 animals. Group 1 consists of  2 addt 

males, 2 adult females, 2 juvenile males, 2 juvenile female, 1 infant male, and 1 infant 

f d e .  The totd group membership of Group 1 is 10. 

The total number of animals of Group 2 is 12. Group 2 included 3 addt males, 2 

adult females, 4 juvenile males, I juvenile female. and 2 infit  mdes. 

Group 3 is comprised of 10 animals. The composition of the p u p  is as follows: 

2 adult males, 1 addt females, 3 juvenile mdes, 2 juveniIe females, I infant male, and 1 

infant female- 

Of the 32 subjects. 7 animals are addt males. A d a  females consi*sted of 5 

animals. The remaining number for each age and sex class is as follows: 9 juvenile 

males, 4 juvede fades, 4 infant males, and 2 hfiaat females. 



Table 3.1 Group Size and Composition of the Study Groups 

Home Range 

Each Groups home range is listed below in Table 3.2.. 

Table 32 Home Range in Hectares for Each Study Group 

r 

# of Adult 
Mdes 
# of Adult 
Femdes 
# of Juvenile 
Mdes 

- GROUP 3 

2 

I 

3 

2 

1 

1 

10 

GROUP l 

2 

2 

Group 
I 

GROUP 2 

3 

2 

I Total # of each 
age-sex class 

7 

5 

9 

5 

4 

2 

32 

Home range m hectares 
0.4 1 

I 

1 # of Juvenile 
Females 

2 

2 

4 

# of Infaat 
Mdes 
# of Infant 
Females 
Totat Group 
Membership 

1 

1 

10 

2 

0 

12 
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Activity Budgets 

Activity Budgets were constructed for each age-sex class in each group, for each 

group as a who4 and for each age-sex class as a whole. The behaviod categories are as 

foUows: feeding, inactive, locomote, out of sight, social behavior, and other. 

The "social" behavioral category includes: dogroom, dorsal carry, dorsal c h g ,  

embrace, muzzie, sit in proximity, sit m body contact, social play, ventral carry, and 

ventral cliag. The social behavioral category was designed to represent each socid 

category as a whole. The social category combines are behaviors that are social in 

nature and are under represented on their own. 

The "other" category includes: bridging, branch throw, branch shake, eliminate, 

hang, noa-social play, scan, vigilance, vocal inactive, and vocd other. This category 

combined many behaviors that were observed rarely in cornpan-son to other behaviors* 

The pages following will dispiay figures that illustrate the activity budgets for 

each age-sex class in each group, each group's activity budget, the activity budget for all 

members of each age-sex class, and the activity budget alI the animak sampled- 

Figares 1 through 6 display the activity budgets for Group I in~duaIs, broken 

down by age and sex classes. 
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Figure I illustrates the activity budget of the two adult males of Group 1. 

These two males were observed for a totd of 1,153 minutes, 39 seconds. Group I adult 

males spent the majority of their time (52%) inactive. Group L males engaged in social 

behaviors 19% of their time, followed by feeding (IS%), iocomoting (8%), in "other" 

behaviors (5%), and out of sight approximately 1% of the total dme observed. 

Figure 2 demonstrates the activity budget of the two adult females of Group L. 

These females were observed a toral of 467 minutes, 36 seconds. The Gmup L adult 

females spent 39% of their time inactive, followed by 38% oftheir time in socid 

behaviors. The large proportion of social behavior is due to extended periods of time in 

spatial proximity or in physicaI contact to infaats in the group. Group I adult females 

were observed spending the remainder of their time in feeding (8%) and in other 

behaviors 4% of their observed time. 

Figure 3 shows the activity budget of the two jweniIe mdes of Group I. These 

juvenile males were observed for a totd of 255 minutes, 28 seconds. The largest portion 

of the juvenile males time was spent inactive (34%), folIowed by feeding 24% and social 

behaviors 26% of their h e -  Group one juvenile males engaged in Iocomoting behaviors 

LO% oftheir time, in "other" behaviors 5% of their time, and out of sight approximately 

1% of their totaI time observed, 

Figme 4 dispiays the activity budget for the two juvenile f d e s  of Group I. 

These jwenile females w m  obsenred for a tot& of L63 minutes, 35 seconds. Group I 
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juvenile f e d e s  spent 15% of the observed time feeding, 42% of the obsaved time 

inactive, 9% of the observed time locomoting, 26% ofthe m social behaviors, 8% of the 

observed time in "other" behaviors, and 0% of the observed h e  out of sight 

Figure 5 illustrates the activity budget for the hfbt male of Group 1. This infant 

male was observed for a total of 108 minutes, 3 1 seconds. The intint male f?om Group L 

was observed feeding 24% time, in inactivity 46% of the time, locomoting 5% of the 

time, engaged in social behavior 22%, and in other behaviors 2% of the time. 

Researchers were unabIe to observe the Sant  male approximately 1% of the total time. 

Figure 6 depicts the activity budget of the infant female m Group I. This infant 

females was observed for a totaI of 19 1 minutes, 56 seconds. The Group I infant female 

spent the majority of her time feeding (44%). This was followed by inactivity 41 % of the 

time, locomoting 7% of the time, in social behaviors 6% of the time, and engaged in 

"OW behaviors 6% of the total observed time. A zero percent value was calculated for 

the total time out of sight 

Figure 7 demonstrates the total activity budget for the ten individuals in Group I. 

Group 1 individnak were observed for a total of 2,340 minutes, 45 seconds. The overail 

group activity budget is as folIows: feeding I6%, mactive 54%, Iocomoting 1 I%, out of 

sight I%, social behavior I I%, and engaging in "other" behaviors 5% of the tinre- The 

percentage ofinactivity for Group I exceeds the percentage of inactivity for each age-sex 

cIass within Group I. 
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Figures 8 through 12 depicts the activity budgets of age and sex classes for 

membas of Group 2. 

Figure 8 shows the activity budget of the three adult males in Group 2. These 

k e  males were observed for a totd of 1,595 minutes, 8 seconds. The largest proportion 

of time that adult males of Gmup 2 spent was engaging in inactivity, at 54%. This is 

followed by feeding at 16% of the time, locomoting I 1% of the time, social behaviors 

I I%, out of sight 1% ofthe time, and lastly, "other'* behaviors 7% of the totd observed 

time. 

Figure 9 displays the activity budget for two adult females in Group 2. These two 

individuals were observed for a total of 499 minutes, 47 seconds. The two adult females 

of Group 2 spent 21% of the total observed time feeding, 40% of the total observed time 

inactive, 1 1 % of the total time Iocomoting, 1 % of the time out of sight, 22% of the total 

observed time engaged m social behaviors, and 5% of the total observed time in "othd' 

behaviors. 

Figure 10 depicts the activity budget of the fourjuvenile males of Group 2- These 

two jwenile males were observed for a totaI of 195 minutes. 49 seconds. The Iargest 

proportion of time the juvenile males were engaged in was the inactive behavior (42%)). 

This was folIowed by feeding at 19% of  the observed time, Iocomoting 18% of the 

observed time, socid behaviors 12% of the observed h e ,  "other" behaviors 6% of the 

observed time, and out of sight 3% ofthe total observed time. 
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Figure 1 1 ilIustmtes the activity budget of the one juvenile female of Group 2. 

This females was observed for a totd of 80 minutes, 9 seconds. The calculated activity 

budget of the juvenile of Group 2 is as follows: 15% f-g 53% inactive, 12% 

locomoting, 18% social, 2% in the "other" behavioral category, and 0% of her time out of 

sight. 

Figure 12 shows the activity budget of the two infant males of Group 2. These 

two infants were observed for a total of 3 10 minutes, 2 seconds. Want males of Group 2 

spent 17% of the time feeding, 17% of the time inactive, 13% ofthe time Iocomoting, 

were out of sight 1% ofthe time, engaged in social behaviors 42% of the time, and spent 

10% of the time in the 'other" behavioral category. The large percentage of time spent in 

social behavior is due to extended periods of time of physical contact, social playing, or 

in close spatial proximity to other monkeys. The large number of juveniles in Group 2 

(which engaged in social behaviors with the infants) increased the proportion of time 

spent in the social behavior 

Figure 13 demonstrates the overall activity budget for all the members in Group 2. 

The individuals of Group 2 were observed for a total of 2,68 1 minutes, 5 seconds. Group 

2 as a whole spent 46 percent of the time inactive, 17 percent of the tow h e  feeding, 12 

percent of the time Iocomoting, I7 percent of the totd time in s o d  behavior, 7 percent 

of the total time engaged m "other" behaviors, and approximateIy I percent of the time 

out of sight Group 2 and Group 1 have the exact same percentage value for feeding and 



Figure 10 
Activity Budget of Juvenile Males In Group 2 

N=4 

D Feed 
I Inactive 
ff Locomote 

18% 
UOut of Sight 
=Social 
mother 

f 
Figure 11 

Activity Budget of Juvenile Females in Group 2 
N 4  

Inactive 
Utocornote 
Clout of Sight 
Socfal 
EOther 

Figure 12 
Activity Budget o f  Infant Males in Group 2 

N=2 

a Feed 
.Inactive 
O Locomo te 
OOut of Sight 
.Socia(. 
.Other 



there is a 1% percent discrepancy for inactive behaviors between each p u p .  The 

largest difference in percentage vaiues (6%) exists in social behavior between the two 

grows- 

Figures I4 through 19 represent the activity budgets of age and sex classes of 

Group 3 individuals. 

Figure 14 illustrates the activity budget of the two adult males of Group 3- These 

two mdes were observed for a total of 952 minutes, 15 seconds- The adult males of 

Group 3 spent a large pomoa of their time inactive (56%). This was followed by feeding 

at 16%, social behavior IS%, locomoting LO%, engaged in "other" behaviors 2%, and 

out of sight 1% of the total observed time. The activity budget of Group 3 adult mdes 

are quite similar to the activity budgets of adult males f bm the other two groups. The 

largest difference in percentage value is only 4%, which is found in the social behavior 

category. 

Figure IS displays the activity budget of the adult female in Gmup 3. These adult 

females were observed for a totd of 708 minutes, 8 seconds. The activity budget of the 

adult f d e  of Group 3 is as follows: feeding 20%, inactive 45%, I 1% locomoting, I% 

out of sight, 16% social, and 7% of the totd time engaged in "other" behaviors. A Iarga 

degree of dEEerence is found between the adult f d e s  of each group. For example, 

differences in socid behavior varied I6%, followed by a 15% discrepancy in the mactive 

behavior category. 



1 Figure $3 
Overall Activity Budget For GROUP TWO 

Nrt2 

. InacWe 
Ulocomote 
UOut of Sight 
Social 

L 

r 

Figure 14 
Activity Budget of Adult Males of Group 3 

N=2 

I Feed 
Inactive 

Cl Locomote 
DOut of Sight 

Social 
mother 

- 

Figure 15 
A W i  Budget of Adult Females in Group 3 

N=l 

.Inactive 
Ubcomote 
Elout a€ Sight 



47 
Figure 16 shows the activity budget of three juvenile males of  Group 3. These 

individuals were observed for a total of 357 minutes, 55 seconds. The Group 3 juveniIe 

males spent a total of 50% of their time inactive, fo1Iowed by 29% of the time inactive, 

12% of their time feeding 5% of the time in the ''otha" category, 3% ofthe time 

locomotin& and 1% of the time out of sight A large degree of variation is apparent 

when compared to the juvenile males of Group 1 and Group 2. Variations ranged from 

2% (out of sight) to L 7% in the social behavior. 

Figure 17 demonstrates the activity budget for the two juvenile females of Group 

3. These two females were observed for a total of I93 minutes, 20 seconds. The activity 

budget of Group 3 juvenile females is as follows: 12% of the obsenred time was spent 

feeding, 32% of the observed time was spent Inactive, 3% of the observed time was spent 

locomoting, 35% of the observed time was spent in social behavior, and 8% of the 

observed time thejwenile f d e s  were engaged in "other" behaviors. The largest 

degree of variation from the other juvenile females is in the inactive behavioral category, 

in which an L L percentage spread was observed, in contrast to no variation in the out of 

sight category. 

Figure 18 depicts the activity budget of the infant male of Group 3. This male 

was observed for a total of 224 minutes, 35 seconds. The infant male spent 35% of his 

time in the "other" behaviord category. This is foIIowed by 26% of observed time spent 

in socid behaviors, 16% of observed time spent in [ocomotin& IS% of obsenred time as 

inactive, 8% of the obsmed t h e  f h g  and 0% ofthe observed time out of sight The 
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largest discrepancy between the behaviors of the infant male in the group and the other 

infant males is apparent in the inactive behaviord category (29%). 

Figure L 9 illustrates the activity budget for the infant femde of Group 3. This 

femaie was observed for a total of 85 minutes, 55 seconds. The infant female was 

observed in socid behavior 100% of the time. Needless to say, these results do not 

compare well with the results of inf i t  femaIes in the other two groups. 

Figure 20 displays the overall activity budget for the LO individuals in Group 3. 

Individuals of Group 3 were observed for a total of 2,520 minutes, 8 seconds. The 

Group 3 animds spent the largest proportion of their time inactive (44%), followed by 

social behavior at 23%, and feeding at 16%. They locomoted for 9% of the observed 

time? and engaged in "other" behaviors for 7%. 

Figures 21 through 26 represent the activity budgets of pooled age imd sex classes 

across all three groups. 

Figure 21 depicts the activity budget of aII seven adult males, fkom alt three 

groups. The Iargest portion of their time was spent inactive, at 5596, fooLlowed by feeding 

at IS%, sociaI behaviors at 14%? Iocomoting at LO%, "other" behavior at 5%, and they 

were out of sight for I% of the observed time- 
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Figure 22 demonstrates the activity budget of aD five adult females, from all 

three groups. They collectively spent 41% of their time inactive, 24% in social 

behaviors, 17% in feeding, 1 1 % in locomoting, 6% engaging in "other" behaviors, and 

I% ofthe observed time they were out of  sight. 

Figure 23 summarizes the activity budget o f  all nine juvenile males, fiom all three 

groups. They spent 42% of their observed time inactive, 24% of the time was spent in 

social behavior, 17% of the time in feeding, 9% of the time Locomoting, 5% in the 

"other" behavioral category, and they were out of sight for 3% of the observed time. 

Figure 24 shows the activity budget of all five juvenile females. h m  all three 

groups. Juvenile females were inactive 40% of the time, and were observed in social 

behaviors 28% of the time. They spent 18% of the time feeding, folIowed by locomoting 

and "other" behaviors, which were each 7% of the the,  

Figure 25 displays the activity budget of all fom infant males, from alI three 

groups. Mint males engaged in social behaviors 32% of the time, were inactive 21% of 

the time, and were engaged in "other" behaviors 18% of the time. They were observed 

feeding for 15% of the time, locomoting 13% of the time, and were out of sight 1% of the 

the.  
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Figure 26 demonstrates the activity budget of all four infant females, from all 

three groups. The activity budget is as follows: 35% social behaviors, 3 1% feedin& 28% 

inactive, 5% locomoting, and I% engaged in "other" behaviors. 

Figure 27 summarizes the overall activity budgets of a11 animals sampled, in a i l  

three groups, across all age and sex classes. In total, these howler monkeys spent 45% of 

the observed time inactive, 21% of the time in social behaviors, 17% of the time feeding, 

LO% of the time locomoting, 6% of the time engaged in "other" behaviors, and were out 

of sight for I% ofthe time. 
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Diet 

Howler monkeys were observed feeding on 21 different species fiom 12 different 

families. AU unidentifiable plants are listed as &om. Howler monkeys were 

observed feeding on leaves, fMts, and flowers. The howler monkeys did not engage in 

camivory or consume barks, buds, grasses, nuts, seeds, or shoots during the three-month 

mdy. 

Table 3.3 lists the species name, the famiIy name, the common name, and the part 

of the plant consumed by any monkey during this study period. 

Table 3.3 AII Foods Consumed by Focal AnimaIs During the Study 

Scientific Name 
Virdia kosechnye 

G-ma uirnifolia 

Simmouba glauca 

Viren' gaumen' 
greenm 
Fincs sp. 

Spondim mornbin 

Inga edulis 

Pteroc- 
6eCizexmk 
Eugenia 

Family Name 
Myristucaceae 

S terculiaceae 

I rLz2d ica  1 hcmdiaceae Mango Fruit 

Common Name 
Banac 

Black Bay Cedar 

Stemmadenia 
donneIIi-smithii 

Part Consumed 
Leaf, Fruit 

Leaf 

Acocynaceae Paper Glue Tree Leaf, Fruit 
(Cojoton) 

Leaf, Fruit 

Fruit 

Simarubaceae 

Verbenaceae 

Cochito 

Fiddle Wood 

Moraceae 

Anacardiceae 

Leguminosae 

Le-osae 

Myrtaceae Malay Apple Fruit 

Common Fig 

Hog PIum 

hga (Bri-Bni 

ffiway (Jesus Christ 
Tree) 

Leaf, Fruit 

Leaf 

Leaf 

Leaf 
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Pachirn aquatica 

Miconia mgentea 

Ximenia amenkana 

- - - 

Cecropia obtusifoIia Moraceae Trumpet Tree Leaf 

Mmriri myrtXoides Moraceae Turtle Bone Leaf 

Bombacaceae 

Melastomaceae 

I Leaf, Fruit, Flower I 

Anacdiacea 

Fruit 
I I 

Provision Tree 
L 

Ficus crassimcuIa 

Feeding Budget 

Leaf 

Sering Tree 

Sour PIum 

Virs tiIi~Yo[ia 

Dioscorea sp. 

Cedrela mexicana 

Species and Plant Part feeding budgets were constructed for: each age-sex cIass 

within each group, for each group as a whole, for each age-sex class as a whole, and for 

all animak sampled. 

Fruit 

Leaf 

Moraceae 

Figure 28 ilIustrates the feeding budget by plant species for the two adult males in 

Group 1. The two adult mdes of Group I were observed feeding a total of L68 minutes 

and I6 seconds. Cochito berries were eaten 42% of the time, folIowed by FiddIe Wood 

(Ktexi gmrneri greenm) fits, at 24%. The remainder of the diet is as foil ows: 

Common Figs (Finrr sp.1 I%, Hog plum (Spondiar n t d i n )  3%, Inga (Inga edulis) I%, 

Strangler Fig 

Polygonaceae 

Dioscoraeceae 

Meliaceae 

Wild Grape 

Wild Yam 

YeIlow Bay Cedar 

Fruit 

Leaf 

Leaf 



1 Figure 28 
Feeding Budget by Plant Species for Adult Males in 

Group1 N=2 

f 
Figure 30 

Feeding Budgets by Plant Part fot Adult Males and 
Adult Females of Group 1 

70% 
60% 
50% 
40% 
30% 
20% 
ro% 
0% 

leaf fiuii bms leaf fiuit fbw~ts. 

mdtM8(u(N-2) Adulthmrhr(N=Z) 

2% 

Figure 29 
Feeding Budget by Plant Species for Adult Females 

in Group 1 
N=2 

e cochito 
Fiddte 

aFig 
OHog Plum 

lnga 
BKaway 
.Str- Fig 
ElTurtle 
Unknown 

7% 

35% 

ECochiio 

OHog Plum 
UKaway 

Sering 
llTurtle 
l Unknown 
DYSC 



58 
Kaway (Pterocarptis belizmis) 4%. Stranger Fig (Ficus c~assiz~scula) 1 I %, 

TurtIebone (Mburiri myrtilIoides) 1%, and various unknown species 13%. 

Figure 29 demonstrates the feeding budget by plant species for the two adult 

females in Group I. The Group 1 adult females were observed feeding for 37 &me and 

54 seconds. Unknown species comprised the largest part of the diet at 3594, and the 

remainder of  the diet is as follows: Cochito 29%, Common Fig 2%, Hog Plum 3%, 

Kaway 7%, Sering (WEconia argentea) 35%, and YelIow Bay Cedar 7%. 

Figure 30 displays the feeding budget by plant part for adult males (N=2) and 

adult females (N=2) for Group 1. 65% of the males diet was comprised of Wts, 28% 

Leaves, and 7% flowers. Adult females were observed feeding on leaves 52% of their 

total feeding time and h * t s  448% of their feeding time. Although females were observed 

eating flowers, their contribution was minimaI and is not represented here. 

Figure 3 1 shows the feeding budget for two juvenile males of Group L. Juvenile 

mdes fiom Group 1 were observed feeding 60 minutes and 8 seconds. Common Figs 

were the Largest food source in their diet at 63% followed by Fiddle Wood (20%), and 

Kaway (1 7%). 

Figure 32 flustrates the feeding budget by species for two juvenile females of 

Group I .  The total time thejwenile f d e s  wem observed feeding was 24 minutes and 

9 seconds. The diet ofjweniie f d e s  of Group I was made up of Banac berries 
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(Virolia kosechnye) 476, Cochito bemes 4%, Fiddle Wood f i t s  57%. Common Figs 

34%. and Hog Plum leaves or f i t s  at 1%. 

Figure 33 shows the feeding budget by plant part for juvenile males (N=2) and 

juvenile females m=2) of Group 1. Juvenile males consumed hits 83% of the time, and 

leaves 17% ofthe time. Juvenile females consumed fluits 9 1% of their time, followed by 

leaves 9% of their time. The dietary contribution of ff owers was extremely small and is 

not represented by Figure 33. 

Figure 34 displays the feeding budget by species of the infant male of Group 1. 

The total amount of time Group I infant male was observed feeding was 26 minutes and 

18 seconds. Trumpet Tree leaves (Cecropia obhtsifolia) were the largest contributor to 

his diet at 37%, succeeded by various unknown species (35%) and finally Fiddle Wood 

h i t s  at 28%. This graph may inaccurately demonstrate the overall feeding budget of the 

infant male. Trumpet Tree leaves in general were rareIy consumed. Unfortunately most 

of the data on the infant male's feeding behavior occurred on days when the troop fed on 

these Ieaves. 

Figure 35 depicts the feeding budget by plant species for the infant female of 

Group I. This infimt was observed feeding for a total of 37 minutes and 55 seconds. Of 

this h e ,  Fiddle Woods were consumed at 86%, Kaway at 3%, t m h o m  species 6%, and 

ProvisI*on Tree Ieaves (Pachim aquatrkat) a~ 5%. 



Figure 34 
Feeding Budget by Plant Species for Mant Males in 

Group 1 
N-"l 

.Trumpet 
uunknown 

3wo 

Figure 36 
Feeding Budgets by Plant Part For infant Males and 

Inhnt Females of Group 1 

100% 

80% 

60% 

40% I 
20% 

0% 
leaf fiuits ~owers reaf fnrit ftaw6t 

lnfPntrnkr(N+I) hfmhmahs(Nrt) 

L 

Figure 35 
Feeding Budget by Plant Species for lnhnt 

Females in Group 
N=2 

U Provision 

86% 

a 



62 
Figure 36 illustrates the feeding budget by plant part of the S i t  maIe (N=L) 

and the infant female (N=I) of Group I. The largest plant pact contn'butor of the iofant 

male's diet was leaves at 72%, and then fiuits at 28%. The feeding budget by plant part 

for the infmt female of group I is finits 8 t%, leaves I I%, and flowers 1%. 

Figure 37 summarizes the overall feeding budget by plant species ofall ten 

members of Group 1. The total time Group I was observed feeding was 400 minutes and 

35 seconds. Fiddle Wood hits represented the largest percentage (37%) of all the 

species the group was observed feeding on. Researchers often looked for monkeys at a 

Iarge Fiddle Wood tree where they could be easily observed for long periods of time 

feeding on fruits and resting. Cochito berries were the second largest contniutor to the 

overall feeding budget at 21%. The remainch of the diet is as follows: Common Figs 

12%, &own species i2%, Kaway 5%, Strangler Fig 5%, Sering berries 2%, Trumpet 

Tree 2%, and Banac, Hog Plum, and Turtlebone each weighing in at 1%. 

Figure 38 shows the diet of the three adult mdes of Group 2. These maIes were 

observed a total of 249 minutes and 41 seconds feedings. Cochito berries make up the 

largest percentage of the aduIt males' diets at 26%. Group 2 was the only group that was 

observed eating mangos (Mangifera indica), which made up 17% of their diet. This is 

foUowed by unknown species at I4%, Kaway at L l%, Sexing at I0%? Black Bay Cedar 

leaves (G-ma ulmfolia) at 60/0, Banac be& at 4%, Common Figs at 4%, Strangler 

Figs at 2%, Turtlebone leaves at 2%, Sour PIum (eaves @intenfa Americana) at I% and 

YelIow Bay Cedar leaves at 1%. 
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Figure 39 depicts the feeding budget by plant species by adult mdes (N=3) of 

Group 2. Group 2 mdes were observed feeding for a totaI of 249 minutes, 41 seconds. 

The breakdown of how much time these adult males spent consuming each food is as 

follows: Cochito berries, 26%; Mango, 17%; udmown species, 14%; Kaway leaves, 

I 1%; Sering bemes, 10%; Black Bay Cedar leaves, 6%; Commoa Figs, 4%; Banac 

bemes, 4%; Wild Yam leaves, 2%; Strangler Figs, 2%; Turtlebone leaves, 2%; and Sour 

PIums, 1%. 

Figure 40 illustrates the feeding budget by plant species for two adult females of 

Group 2. Group 2 females were observed feeding a total of 104 minutes and 32 seconds. 

The largest contributors to the feeding budget of these females were Mangos, 39%, 

followed by Cochito, 23%, Sering, 15%, Hog Plum at 9%, Black Bay Cedar at 8%, and 

Provision, 4%- 

Figure 41 demonstrates the feeding budget by plant part for aduit males (N=3) 

and adult females (N=2) of Group 2. Adult males were observed feeding on fhit for 

65% of the time, and leaves 35% of the time. Adult females were observed co&g 

finit 79% of the time, while they fed on leaves for 21% of the time. At no time did either 

sex feed on flowers. 

Figure 42 depicts the feeding budget by @ant species for the 4javenile males of 

Group 2. These jweniIe maIes were obscnred feeding for a total of 37 minutes, I8 

seconds. They were observed eating Malay AppIes (Eugmria maZacc&) 34% of the 
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time, which were M y  ignored by the other age and sex classes, including other 

groups. Aside fiom these apples, they ate Mangos for 33% of the time, Wild Yam Ieaves 

(Dioscorea sp.) were eaten LO% of the h e y  Black Bay Cedar Leaves were consumed 

10% of the time, Cochito berries 4% of the timet Kaway 3% of the time, Sering bemes 

3%, unknown species 2%, and Strangler Figs for I% of the time. 

Figure 43 shows the feeding budget by plant species of the juvenile female of 

group 2. She was observed feeding for 12 minutes, 19 seconds. She consumed Mangos 

52% of the time, and unknown species 48% of the time. 

Figure 44 displays the feeding budget by plant part for juvenile males (N=4) and 

the juvenile female (N=1) of Group 2. The juvenile males consumed f i t  87% of the 

total observed time, and Leaves L3% of the time. ThejweniIe female fed on fmit 52% of 

the the ,  and Ieaves 48% of the time, 

Figure 45 illustrates the feeding budget by pIant species of 2 infant males in 

Group 2. These infant maIes were observed for a totd of 53 mirmtes, 3 I seconds. Sering 

berries were the largest portion ofthe diet at 26%, foUowed by Cochito berries and 

Kaway leaves, each at 22%. StrangIer Figs were consumed 16% of the h e ,  Common 

Figs were eaten 6% of the time, Black Bay Cedar Ieaves 596, and unknown species 3% of 

the time- 
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Figure 46 shows the feeding budget by plant part for infant males (N=2) of 

Group 2. There were no infant females in Group 2. Leaves comprised 67% of the total 

time obsemed, and the remaining 33% of the time was spent eating f i t .  

Figure 47 demonstrates the overall feeding budget by plant species for Group 2. 

The 12 individuals of Group 2 were collectively observed feeding for a total of 456 

minutes, 43 seconds. The time spent eating each food was as foUows: Cochito berries, 

23%; Mango, 22%; Sering, 12%; unknown species, 10%; Kaway, 9%; Black Bay Cedar, 

6%; Common Figs, 3%; Strangler Figs, 3%; Malay Apples, 3%; Banac, 2%; Wild Yam 

leaves, 2%; Hog Plum, 2%; Provision Tree Leaves, 1%; and Turtlebone leaves, I%. 

Figure 48 summarizes the feeding budget by plant part of Group 2 as a whole. 

Fruits were consumed in this group for 70% of observed time, whiIe Ieaves were eaten 

30% of the time. At no time were flowers consumed, in contrast to Group I. 

Figure 49 depicts the feeding budget by pIant species of the 2 adult males of 

Group 3. They were observed feeding for a total of I52 minutes 41 seconds. Cochito 

berries w n e  observed being eaten 35% ofthe time, Common Figs 23% of the time, and 

unknown species 21% of the rime. In contrast to the other two groups, adult maie 

members of this group fed on Wild Grapes (Vih tilii#o&ia), which made up 9% of the 

time they were obsemed feeding. Sering benies made up 7%, Banac comprised 2%, and 

FiddIe Wood and the Paper Glue tlee (Stemnrodra donneli-mlfiii) were each seen 

being consumed I% ofthe time, 
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Figure 50 demonstrates the feeding budget by plant species of the one adult 

female in Group 3. She was observed feeding for a total of 138 minutes, 56 seconds. O f  

this the, she consumed Cochito berries 56% ofthe time, unknown species, 21% of the 

time, Sering 9% of the time, Common Figs 6%, Fiddle Wood 4%, Paper Glue 

leaves 2%, and Inga leaves and Strangier Figs 1% of the total time, each. 

Figure 5 1 displays the feeding budget by plant part for the adult males (N=2) and 

adult female (N=l) of Group 3. Males spent 69% of their time eating hits, and 3 1% of 

their time eating leaves. The female spent 79% of her time consuming hit,  18% 

consuming leaves, and 3% consuming fl owea. 

Figure 52 shows the feeding budget by plant species of the 3 juvenile males of 

Group 3. These males were obsenred feeding for a total of 43 minutes, 37 seconds. 

Cochito bemes comprised 39% of the time observed feeding, followed by unknown 

species at 30%, Kaway [eaves at L5%, Common Figs at LO%, W d  Grapes at 5%, and 

Sering berries at 1 % of the time. 

Figure 53 illustrates the feeding budget by plant species of the 2 juvenile femdes 

of Group 3. A total of 41 minutes, 46 seconds of observed time was spent feeding by 

these f edes .  Cochito berries made up 33% of their feeding time, Fiddle Wood 23% of 

the time, Sering b e e s  2I%, unknown species 17% of the h e ,  and Common Figs 6% of 

the time. 
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Figure 54 demonstrates the feeding budget by pIant part for the juvenile males 

(N=3) and juvenile females (N=2) of Group 3. The three juvenile males spent 72% of 

their observed feeding time consuming fhit, 19% of their t h e  consuming leaves and 9% 

of their time eating flowers. Juvenile females of Group 3 spent 83% of their observed 

time eating fruits and f 7% of their time eating leaves. 

Figure 55 illustrates the feeding budget by species for the infant male of Gmup 3. 

This Infant male was observed eating for a total of 18 minutes, 5 seconds. 52% of this 

time the infant male consumed Cochito berries, 43% of the time he consumed Sering 

bemes, and the remaining 5% of the time he ate Kaway leaves. 

F i p  56 depicts the feeding budget by plant part for the infant male (N=l) of 

Group 3. 95% of the male's plant pan feeding budget consisted of h i t s  and the 

remaining 5% consisted of leaves. 

Figure 57 is the feeding budget by pIant species for all ten members of Group 3. 

The total amount of time that the group as a whoIe was observed feeding was 395 

minutes and 5 seconds. The feeding budget is as foUows: Cochito 44%, unknown 

species 21 %, Common Figs I2%, Sering LO%, Wild Grape 4%, Fiddle Wood 4%, Kaway 

2%, and Banac, Paper Glue Trees, and Strangier Figs were observed being consumed I% 

of the totd time each, 
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Figure 58 summarizes the feeding budget by plant part for ail ten members of  

Group 3. Overall, Group 3 was observed feeding on f i t s  64% of the time, on leaves 

34% of the time, and on Qowers 2% ofthe total observation time. 

Figure 59 depicts the feeding budget by plant species fir all seven adult males of 

this study population. The overall adult male feeding budget by species is as folIows: 

Cochito 33%, unknown species 16%, Common Fig 8%, Mango 8%, Fiddle Wood 7%, 

Kaway 6%. S e ~ g  6%, Black Bay Cedar 3%, Banac 2%, Wild Grape 2%, Hog PIum I%, 

Tdebone I%, and Wild Yam I%. 

Figure 60 illustrates the feeding budget by plant part for dl seven of the adult 

males of this study. Adult males as a whole were observed eating h i t  66% of their time, 

Leaves 32% of their time, and eating flowers 2% of their time. 

Figure 61 demonstrates the feeding budget by plant species for dl five of the adult 

females in this study. Adult f d e s  spent 39% of their time consuming Cochito berries, 

15% of their time consuming Mangos L6% of their time c o m m h g  foods unknown to 

the researchers, L2% of their time eating SSering berries, 4% of the time consuming Hog 

PIum Ieaves, 3% of their time constlming BIack Bay Cedar Leaves, 3% of their time 

consuming Common Figs, and I% ofthe time consuming each of the following Inga 

leaves, Kaway Ieaves, Paper GIue fixits and leaves, Provision Tree Ieaves, YeIIow Bay 

Cedar leaves, and Strangler Figs. 
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F i p  62 ilIu~sates the feeding budget by plant part for alI  five adult females, 

across all groups. The females spent 75% of the time feeding on f i t s ,  24% of the time 

feeding on leaves, and 1% of the time on flowers. 

Figure 63 displays the feeding budget by plant species for aU 9 juvenile males, 

across all three groups. The breakdown of time spent eating each plant is as follows: 

29% on Common Fig; L3% on Kaway leaves; 12% on Cochito berries; 10% on 

unknown species; 9% on Fiddle Wood; 9% on MaIay Apples; 9% on Mangos; 3% on 

Black Bay Cedar Leaves; 3% on Wild Yam leaves; 2% on Wild Grapes; and 1% on Sering 

h i t s .  

Figure 64 shows the feeding budget by plant pact for all nine juvenile males. 

They were observed coosMling f i ts  8 1 % of the time, consuming leaves 16% of the 

h e ,  and consuming flowers 3% of the time. 

Figure 65 depicts the feeding budget by piant species for alI five juvenile femaies, 

across all three groups. They spent 3 1% of observed time eating Fiddle Wood f i ts ,  

20% ofthe time eating Cochito bemes, 16% of the time eating unknown species, 13% of 

the time eating Common Figs, f 1% of the time eating Sering bemes, 8% eating Mangos, 

and 1% of the time eating Banac berries. 
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Figure 66 illustrates the feeding budget by plant part of the five jwde 

females in this study. They spent 55% of the observed feeding time consuming leaves, 

and 45% of the time eating fruits. C 

Figure 67 dispiays the feeding budget by plant species for all 4 infit males, 

across all groups. These infant males spent 22% of the feeding time eating Cochito 

bemes, 22% eating Sering berries, 13% eating Kaway leaves, L 1% eating unknown 

species, 10% eating Trumpet Tree leaves, 9% Stranger Figs, 7% Fiddle Wood hits, and 

3% each for Black Bay Cedar leaves and Common Figs. 

Figure 68 shows the feeding budget by pIant part for all four infant males. They 

spent 55% of the observed feeding time eating leaves, and 45% of the time eating fits. 

Figure 69 demonstrates the feeding budget by pIant species for the two infant 

females across all gmups. 86% of the observed feeding time was spent eating Fiddle 

Wood fits, 6% on unknown species, 5% on Provision Tree leaves, and 3% Kaway 

leaves. 

Figure 70 depicts the feeding budget by plant part for these idimt females. They 

spent 88% of the observed feeding time eating hits, I1% of the time eating Ieaves, and 

1% of the time eating flowers, 
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Figure 71 summmkes the f h g  budget by plant species for all 32 individuals 

sampted, including members of al[ thRe groups. Of the observed feeding time, all 

individuals pooled spent: 28% o f  the time eating Cochito berries; 14% of the time eating 

Fiddle Wood fiuits; 14% on unknown species; 9% on Common Figs; 8% on Mangos; 8% 

on Sering berries; 6% on Kaway Ieaves; 3% on Strangler Figs; 2% on Black Bay Cedar 

leaves; and L% on each of the following: Banac berries, Hog Plum Ieaves or fruits, Malay 

Apples, Provision Tree leaves, Trumpet Tree leaves, Turtlebone leaves, Wild Grapes, and 

Wild Yam leaves. 

Figure 72 summarizes the feeding budget by plant part of dl 32 individuals 

sampled, in dl three groups. They spent 68% of observed feeding time eating fruits, 30% 

of the time eating leaves, and 2% of the time eating fI owers. 
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DISCUSSION 

Group Size 

The mean group size of each of the three study groups fits within the panunetem 

of published accounts of the genus Afouatta. Each g r o g  was a mutually exclusive 

assemblage of animals. Although each group had at least one solitary adult male howler 

monkey sharing its home range, no attempts were made by soIitary animals to immigrate 

into an existing group. Additionally, no animals emigrated to another group during the 

study. 

The risk of predation existed among each group. The primary predators for the 

monkeys in this region are jaguars (Panthers onca) and oceIots (Feh pardaks). Data 

collectors often observed fresh jaguar tracks in the morning hours but no monkeys 

disappeared. In the three-month period no births or infanticides were observed. Each 

troop had at least one animal that was the victim of an unidentified parasite. The infected 

area festered into a Iarge Iesion but did not seem to alter the victim's behavior. During the 

month of August alI Iesions were unobservable or had disappeared. 

In I96 I the study site was hit by Hurricane Hattie, which ultimately destroyed a 

Iarge percentage of the forest (pm. corn.  Percy Gordon). In the recent years, animals 

from this study popnlation were removed and transIocated The tramIocated animals 
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were moved into a region that formerly had howler monkeys. The population made a 

fblI recovery and the each troop displays the typical howler group size. 

Group I 

Group I is the smallest group, numbering ten animals. Throughout the entire 

study period no changes were observed in the membership of Group 1. On several 

occasions a large solitary male was observed sharing the home range of Group 1. This 

male did not attempt to immigrate into the existing group and avoided the group on all 

occasions when the researchers focused on Group 1. To the west of Group 1 exists a 

p u p  of four animals, which didn't belong to the study population, but were noted by the 

researchers at each of the three sightings. Group I and the smaller westward group were 

not observed engaging in any inter-group behaviors. However, on one occasion a large 

juvenile male was observed leaving Group 1's home range and moving eastward towards 

Group 2 and Group 3's side of the field The juvenile male was alerted to the presence of 

the researchers and didn't cross the fieId. 

Group 2 

Group 2 is the largest group with twelve individuals. During the study there were 

no changes in the size of Group 2. Group 2 shared their home range with a solitary adult 

male that made no attempt to join the established group. On two different instances 

Group 2 was observed across the fieid in Group 1's home range. On the first crossing 

both pups engaged in a howling bout that lasted several minutes. Interactions between 

the two g ~ ~ u p s  Ied the researchers to conchde the Group L and Group 2 were two 
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separate groups. On the second occasion, Group 2 was observed in Group I 's home 

range and Group 1 was not found. On both invasions Group 2 pushed Group 1 in a 

westward direction. Researchers aIso witnessed a j u v d e  male from Gmup 2 that 

crossed the field into Groups I 's home range, The juvenile fed in Group 1's range then 

crossed the field again and reunited with Group 2. 

Group 3 

Group 3 has ten individuals and is the second largest group. Group 3 had an 

unidentifiable number of solitary individuals sharing its range. On two occasions Group 

2 and Group 3 were observed howling toward one another ftom long distances (200 

meters). On occasion Group 3 hgmented into smaller sub-groups. One such fission 

occurred while foraging. The group was never seen reuniting, and the number of 

individuals counted in Group 3 was variable fkom day to day. SmalIer group sizes were 

observed during the months of JuIy and August when fhit availability diminished and 

more reliance on leaves was observed, 

Researchers were alerted to a howling bout and observed two Group 3 sub-groups 

howling at one another. Each group roared and dispiayed Agonistic behaviors included 

charges, branch throwing, and bmch shaking bat no physic& contact was observed The 

interactions iasted approximatety I5 minutes withjweniIe and adults of both sexes 

taking an active role in agonistic behaviors- At the concInsion of the interaction, both 

sub-groups moved in opposite the first northward to the road and the second 

group southward to the river. 



The division of Group 3 may be attniuted to the seasonal variation in the troop's 

diet. However, Group 3 has the largest home range and two fewer animals than Group 2. 

The size of Group 2 may not have ahwed Group 3 to invade their home range. By 

decreasing p u p  size foraging efficiency increases (Van Schaik & Van Hoof 1983). 

With smaller groups foraging efficiency increases but without one group ranging in a 

new area the rate of food depiction remains constant, 

Group 3 bmke up and reunited on multiple occasions. After the two sub-groups 

roaring bout the group was never observed m its entirety. That is, after the roaring bout 

the original ten animais were not seen together a s  a cohesive unit. The formation of a 

new group may be rooted by seasonal changes. HowIer monkeys do not live in large 

aggregations that frequently split up and reunite. This fission-hion social system has 

been observed in spider monkeys (Chapman l987). However, if group size is dependent 

on the carrying capacity of the environment, it maybe adaptive for a group to split and 

range in another area. If group size is based on food avdabdity it may be necessary to 

temporal or permanently split. After the spIit each mailer sub-group was observed using 

the same home range. Due to the short-term nature ofthis study, it is impossible to infer 

that Group 3 split into two distinct groups on a permanent basis. 



Group Composition 

Each of the three study groups is a multi-male multi-female unit, Although two 

of the three groups have more adult males than adult f d e s ,  each group &'bits typical 

howler monkey social composition, as descnied by Clarke et al(L986). Species of 

howler monkeys may have one to four adult males in each group (Crockett & Eisenberg 

1987). Adult females d y  comprise the larger proportion of adult troop size, however 

it is not unsual for adutt males to outnumber adult females. 

Differences in the number o f  adult males to aduit females can be influenced by 

bisexual emigration. At present there are no published accounts focused on the 

emigration and immigration patterns ofAlouazta pigra. Glander (1992) noted 

interspecific variation between red howler and mantled howler monkey dispersal 

patterns. Glander (L992) found that female mantled howler monkeys spend up to a year 

as solitary individuals. Juvenile male m d e d  howler monkeys may spend more than 

three years as solitary individuals. Extended periods of solitary existence increases 

predation risks and lowers the sunrival rate o f j w e d e  males, which wodd favor the 

adult sex ratio of groups to femaIes. GIander (1992) also noted female red howIer 

monkeys do not transfer into existing groups and red howIer monkey males may tmsfier 

mnltiple times, a behaviod pattern not observed in mantied howler monkeys of either 

sex, 
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Variation in these two diffefent species suggests that AIouana pigru may have 

bisexual dispersal patterns that differ h m  other species ofthe genus Alouatta. Perhaps 

one sex emigrates at a younger age or emigrants transfia directly into an existing group, 

or the dominant male allows younger animaIs to nmain in their natal p u p  for longer 

periods of time. 

Differences in the number of adult males to adult females may be based on 

morphological differences as well. MantIed howler monkey males' testes descend at a 

younger age in comparison with other species ofAlouana (Neville et d. 1988). This 

may lead to differences in the number of adult d e s  to adult females per group. Neville 

et al. ( 1988) also cIaimed that researchers use different criteria to determine adults, sub 

adults, and immams. 

Other differences in a group's composition include more adults per group than 

immatures. Immature animals shouId outnumber adult animrls in each group (Crocken 

& Eisenberg 1987). This d t  is found in all three study pups.  RuQan (1972) noted 

that nanrral disasters, disease, deforestatioa, or hunting could skew the addt to immature 

ratio. Hunters may selectively target younger animals and disease or natural disasters 

may wipe aiI the younger and weaker animals out of group. 
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Group I 

Group L contains two addt males, two aduIt femaleq two juvenile males, two 

juvenile f d e s ,  one infaat male, and one i d h t  fade. The adult to immature ratio is 

2: 15 and the male to female ratio is t : 1, 

Group 2 

Group 2 contains t h e  adult maIes, two adult females, four juvenile maies, one 

juvenile female, two infant males, and zero Enfmt f d e s .  The adult to immature ratio is 

1: i -8 and the male to female ratio is 3: I. 

Group 3 

Group 3 contains two adult males, one aWt female, three juvenile males, two 

juvenile femdes, one infant male, and one infant female. The adult to immatme ratio is 

1 :3 -3 and the male to female ratio is 3 2, 

The entire study population consisted of seven adult males, four aduit females, 

nine juvenile males, four juvenile females, four b t  mdes, and two inf i t  females. 

The adult to immature ratio for the entire study population is I : 11. The male to female 

ratio for the entire popdation is I -8:L. 



Home range 

There are dramatic differences m the home ranges reported for the three study 

groups when compared to published materials h m  other study sites. Group I has the 

smallest home range measuring -41 ofa hectare. Group 2's home range was calculated at 

.89 of a hectare. and Group 3 at I 2  hectares. 

One of the largest sources of disparity between this study's home mge sizes and 

published reports could be due to the short study duration. This study lasted a total of 72 

days. Had this study been longer, we may have found larger day and home ranges for the 

three troops. Ostro et aI. (1  999) studied the ranging behavior of translocated and non- 

translocated groups of AIouancr pigra in two different regions in Belize. Their study 

lasted o v a  a year and they concluded that a fidl year of monitoring the animals is not 

sufficient to determine size and location of home ranges. Ostro et al. ( 1999) also 

recommended that monitoring groups shouId continue thruugh dl seasonal phases of 

food abundance. 

During the period of time when the researchers studied the groups for this study, 

seasonal changes m the vegetation did occur. At the beginning of the study each group 

fed h e a d y  on Sering and Cochito berries. As the study progressed other h i t s  ripened 

and the Sering and Cochito berry season ended This shift in diet caused a shift in ranging 

patterns. Sering and Cochito trees are found in cIumps throughout each range. Thus, 

ranging behavior was hitidy quite smaIL Towards the end of the study, each troop had 
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a larger reliance on leaves and figs. Fig trees were randomly dktri'buted throughout 

each range. This required each group to range farther fiom one feeding site to the next 

As the diets shifted to figs, it became more ~ c d t  to collect data on each troop. 

The degree of flooding aIso Limited the researchen' ability to successllly follow 

a focal animal. M e r  rainy periods the river flooded the forest at "ankle to hip" levels. 

The high depths of water reduced mobility and made accurate foUows nearly impossible. 

On many instances the group was spotted but high levels of water did not parnit the 

researchers to obsme the animals at a close enough distance to take accurate notes of 

their behavior. The researchers had two options if this situation occurred: wait for the 

monkeys to move into an area m the forest which was not flooded (higher ground) or 

seek out another troop to follow. Despite all of these data collection problems, the 

extremely small home ranges found in this study could be quite accurate, due to the 

nantral and human-made geographical c o o s ~ t s ,  such as rivers, fields, and mads that 

may not be present at other study sites. 

Daily ranging behavior was strongly influenced by feeding. Most movement was 

from one feeding site to another. Each morning the focd troop roared, then was f&ly 

inactive. FolIowing this period ofinactivity, the troop moved to a feeding site. Mer the 

first feeding bout, the afternoon hours be- This period of time was best characterized 

as another period of inactivitytY The troop would move again to another feeding site- The 

group m y  moved once more to a sleeping site- None of the three goups was 

observed retmning to the same sleeping site two consecutive days. This behavior of 



97 
ranging fiom feeding site to feeding site agrees with the Won's  obsewatiom of 

mantled howler monkeys on Barn, CoIodo Island (1 980)- 

As mentioned above, the Iargest constraint on the each group's daiIy ranging 

activities and overall home range is the geographic isolates. To the north of the study site 

lies a road that runs east to west. To the south of the site is a river m g  east to west 

The river doesn't run exactly p a d e l  to the road and at many locations the river 

penetrates into the forest causing mall ponds, and during heavy rains completely floods. 

Group I Home Range 

Group 1's home range was the smaflest by comparison to the other groups. 

Group 1 was the only group geograpbcai1y isolated on three sides. To the north ties the 

road, to the south ties the river, and to the east Cies the field. The western side of the 

range drastically tapers into a narrow forest bek On a few instances the researchers 

obsenred a group of 4 am-mds inhabiting the belt This group was not studied but was 

noted when seen. 

The road and the fiefd would not permit crossing without corning to the ground 

Retreating to the ground increases the risk of predation by terrestrial predators. Although 

this behavior has been observed at this site and others, it is quite rare (Bicca-Marques 

1992, Glander 1992, Gilbert & Stonffa 1989). The &ct that howler monkeys rarely 

come to the ground allows for the possibility that they may cross the road or field more 
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often in the absence of an observer. Such behavior would increase daily ranges and 

perhaps overall home ranges. 

Group 2 Home Range 

Group 2 has the second largest home range. measuring approximately -89 

hectares. Gmup 2 was geographicalIy isolated to the south (river) and to the west by the 

field As mentioned above, Group 2 was observed in Group 1's home range across the 

field on two instances and researchers observed a juvenile male from Group 2 a s s  into 

Group 1's home range to feed on mangos and Malay Apple trees. When the researchers 

k t  observed Group 2 in Group l 's range. the group was feeding on a Strangler Fig tree 

that was ripe. On both invasions Group 1 retreated, therefore the researchers determined 

that Group 2's home range extended into Group L's home range. It seemed that both 

groups' home ranges overlapped in the forest on the western side of the field. 

Group 3 bordered the northern h n t  of Group 2's home range. Group 2 engaged 

in ody  two howling bouts with Group 3. The interactions were brief and it appeared that 

each group was announcing its Location to their neighbors. The researchers became 

famiIiar with Group 2's home range, which contained two riverbeds that flooded on the 

f b t  rain and did not drain. Due to the large portion of flooding in this range the troop 

couId rarely be foUowed for two consecutive hours. However, the ranging pattems of 

this troop were welI understood The researchers would offen locate the group above the 

riverbeds and wait for their movement into other feeding areas. As the study progressed 

the troop ranged farther to feed on mangos, figs, and Ieaves. 



Group 3 Home Range 

The home range of Group 3 is bordered to the north by the road and to the south 

by Group 2's home range. There is no geographic border to the east but the researchers 

observed a group inhabiting that area To the west Lies the northern portion of Group 2's 

range. The calculated home range for Group 3 is L 2 hectares. 

The daily ranges of this group were much longer m comparison to the two groups. 

On few instances the groups broke up into sub-groups and fed in different directions. 

During the iater months of the study the group ranged farther and consumed more figs 

and immature Leaves. Four large fig trees were found within the range and the troop 

moved fiom fig tree to fig tree. Ostm et a1 (1999) found that day ranges increased when 

food abundance decreased. Their results agree with the observations at this site. When 

cImped fruit resources ( S e ~ g  and Cochito trees) were no longer fruiting, common figs 

were. The d t s  of the OW et aI. (1999) found that group size had no effect on daily 

ranging activities or home ranges. 

Activity Budgets 

Group I 

The activity budgets of each age-sex class differ when compared to other age-sex 

c h e s  within the group. One would expect that the adult animals wodd have higher 

percentages of ha- and lower percentages of Iocomoting when compared to 
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juveniles and infimts. Adult males were inacative 52% of their time? which represents 

the highest percentage of inactivity in comparison to the other age-sex classes. However, 

adult females were inactive ody 39% of their observed time, which is less than the 

percentage of time juvenile females (42%), infant males (46%), and infant females (4 I %) 

engaged in this behavior. 

The results showed higher levels of social behavior among adult females and 

immatures of both sexes. Adult females often carried infants when traveling throughout 

their home range. Adult females were also observed sitting in spatial proximity or in 

contact with infants or juveniles. hcreased proportions of social behavior in immatures 

also result from social play. InEdnts often engaged in play while the adults were resting. 

The Wmt males and infant femaIes of Group 1 devoted larger proportions of 

their time feeding in comparison to adult animals. Smaller animals require more energy 

due to their constant moving. However, infant males and females were observed moving 

only 5% and 7% of their time. Infants were often observed moving much more during 

the day. 

Grmcp 2 

There is littie variation in the activity budgets of each age-sex cIass for Group 2. 

Adult maIes and juvenile femdes spent comparabIe amounts oftime inactive, as did aduIt 

f d e s  a .  jweniIe males. Addt females and infant maIes had the largest percentages 

engaged in social behavior. This is dae to the fact that each adnlt female was a mother to 



an infant, Both females and mdes engaged in parental care of infmts, such as 

assisting in bridging, grooming, and providing protection fiom predators, (hawks,) 

although females carried the infants more often than males. 

Group3 

Differences exist between adults and immatures (excluding juvenile males) in the 

percent of time spent inactive. Adults spent more time inactive than their younger 

counterparts. The data for infants do not accurateIy represent their behavioral patterns. 

For example, the results suggest that infant mdes of Group 3 spend 26% of the in social 

activities, 35% oftheir time "Cother" behaviors, 15% oftheir time inactive and only 8% of 

their time feeding. 

Infant females may be misrepresented by the resufts of the data. The overall low 

level of data collected on the infant female of group 3 is expressed in her activity budget, 

suggesting that she spent 100% of her time in social behaviors. Group 3 had two 

extremely smdI infants and determining each hfiit's sex was dif l icni~ A large portion 

of the infant data could not be used because sex of the focal could not be identified. 

Group Budgeis 

Each group's overalI activity budgets are very simiIar. The Largest percentage of 

disagreement is merely 5% (in socid behaviors) with many percentages in comptete 

agreement with anotJm pup's resdts. Similar-& occur when each p u p  is 

compared to the d t s  of the activity budget ofall the animaIs sampIed 



Neves & Rylands (199 1) reported three behavioral categories for their activity 

budget: resting 67%, feeding 1 I%, and moving 11%. The activity budget for each group 

and the overall activity budget for alI animaIs sampled suggests that the popuIation at 

Monkey River, Belize is more active and devotes more time to eating behaviors. 

Moreover, the results for Group I, Group 3 and the overall activity budget of all animak 

sampled, suggest that this population engages in less locomotion behavior. It is difficuIt 

to accurateIy compare the results of this study to Neves and RyIands without their 

definition of each behavioral category. It is probable that each researcher operationalizes 

their definition of a specific behavior or what behaviors belong to a behavioral category 

differently than other researchers, including us. This makes direct comparisons  cult. 

Silver et a! (1998) reported the activity budgets of six mops of Alouuna pigra 

inhabiting-the banks of the Belize River. Each group spent 24.4% feeding, 6 19% 

resting, 9.8% traveling, 23% in social play, and 1.5% vocalking each month. The Silver 

et al, study groups engaged m Iarger proportions of inactive and feeding behaviors. 

Again, differences in proportions are perhaps due to operationaLizhg the data categories. 

The inactive behavior used by the researchers here are probab 1y different than other 

researchers operationalized definition of "inactive". 

The percentage of time feeding and resting repoded by Silver et aL (1998) 

exceeds the d t s  of each of the three groups and tbe o v e d  activity budget of  alI 
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animals sampled However, the percentage of time spent traveling or Iocomoting by 

each of Monkey River troops and the overalI activity budget of all animals sampled is 

simk to Silver et d.*s (1 998) study and only deviates by 22% at the most (Group 2). 

Ail Age-Sex Class Activify Budgets 

The activity budget for each age-sex classed varied, sometimes slightly and 

sometimes drastically. With the exception of infant females, each age-sex class devoted 

15- 18% of their time feeding. Mant females engaged in feeding behaviors 3 L % of the 

observed time, and this is actually twice as much in comparison to the results of adult 

males, 

Addt males spent a larger portion of time inactive in comparison to the otber age- 

sex classes. Once again, with the exception of in f i t  females, the o v d  time spent 

locomoting by each age-sex class is similar. Infant femdes were observed Iocomoting 

only 5% of the time* in comparison to adult males which moved about 10%. The largest 

divergence between the behaviors is found in the socia1 behavioral category. Infant 

females engaged in socid behaviors 35% of the time. This resuIt may be inflated by the 

results of the Group 3 female. 

Differences between groups in the percentages oftime spent in each category 

could be the result of a variety of influences inciuding ecoIogicaI fkctos, group size and 

p u p  composition* The dkiiution of feeding sights throughout the groups' home 
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ranges wiU determine the amount of time spent moving, feeding, and remaining 

inactive. The group composition could have skewed the data in favor of a padcuIar age- 

sex class, as our results have shown, 

Bicca-Marques & Calegaro-Marques ( 1994) constructed activity budgets for a 

group of black howler monkeys in Brazil based on a year of observations. The authors 

provided only a bar graph depicting the activity budget of each age-sex class. The range 

for resting for each age sex cIass was 55-78%. The range for Iocomotion was L5-25%, 

feeding ranged from L5-20Y0, and socia1 behaviors accounted for approximately 5% of 

the observations. Without exact percentages and a definition for each behavior or 

behavioral category, it is difficult to make comparisons to these three study groups. 

However, each age-sex class studied here spent less time engaged in inactive and 

locomoting behavior and more time in a socid context. The feeding d t s  of each sex 

class (exciuding infant females) falls within the parameters Bicca-Marques & Calgaro- 

Maques suggest. 

Differences in the amount of time an age-sex cIass engages m a particular 

behavior can be attributed to diet, rank, and gestation or lactation. Lactating females 

have higher energy reqykements and should devote Iarger portions oftime to feeding. 

Highererranking animaIs can dominant contested resources such as h i t  or engage m 

higher levek ofsexnal behaviors- 
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Age specific behaviors such as "dorsal ckging? are observed more fkeqyently 

in younger animals. Bicca-Marques & Caiegaro-Marques (1994) suggested that 

differences in body size are responsible for percentages in behavioral categories such as 

feeding Smaller animals reme larger proportions of food and thus devote a large 

amount of time eating. In contrast, the increased proportion of an adult animals' 

inactivity is due to larger intakes of leafy materid that requires long periods of digestion 

(Bicca-Marques & Calegaro-Marques 1994). 

Diet 

Howler monkeys were observed eating 2 1 species of plants fiom 12 different 

fsmilies. me species diversity of pIants that were consumed is small in comparison to 

other studies (Silver et al. 1999, ChiarelIo L994 and Julhot & Sabatier 1993). This tow 

Ievel of species diversity is probably due to the short study period. A long-term study is 

required to assemble an accurate List of& food items used by the monkeys. In the short 

period of this study, feeding patterns switched fiom a Large reliance of Sering (Miconia 

mgmtea) and Cochito berries to immature leaves, FiddIe Wood ( Vitexgmmm' Wts, 

and common figs (Ficus sp.). 

The researchers observed changes in diet when the principle food somces no 

Ionger were lktithg. Judging from these criteria, diets changed due to semi-seasonal 

variation and not fiom feeding preferences- These observations suggest that Ieaves are 

eaten only when hi ts are not available. SiIver et aL (1998) suggest that howIer monkeys 
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maybe "facultative folivores" whose diet is as  fiugivorous as  possible given the 

limitations of fhit abundance and may eat Ieaves in order to obtain protein recpirements. 

Feeding Budgets 

Group I 

The majority of foods eaten by adult mdes of Group I are fhits. Fnliu 

comprised 65% of the food resources whiIe leaves comprised 28% and flowers 7% 

respectively. Cochito berries dominate the species-feeding budget for adult males from 

Group I. As noted above, Cochito berries were consumed heavily at the start of the 

study. The bias in the feeding budget by plant species is due to seasond variations and 

field conditions. Due to flooding, more hours of data were conected in the earlier weeks 

of the study when Cochito berries were consumed at high quantities. Fiddle Wood h i t s  

contniuted 24% of the diet and were heavily consumed in the iatts weeks of the study. 

Fiddlewood trees produce a green fndt, which are comparabie m size to a common fig. 

Figs were consumed during the last weeks of the study. Moa Common Figs trees were 

distributed deep within the forest and out of sight fiom the t d s .  

Leaves comprised 28% of the feeding budget by pIant part. The majority of leaves 

consumed by addt mdes were Kaway (Pterocmpl~~ &elk&) Ieaves. Mdes were 

observed eating Kaway leaves when Coc6ito and Sering trees no longer h i ted+  The 

majority of Kaway Ieaves consmned were immaturef judghg by size, color, and textmt- 
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FIowers made up the smallest percentage of foods consumed Researchers were not 

able to identify the species of plant that produced the flowers. 

The feeding budget by plant part for adult females of Gmap 1 differs in 

comparison to the feeding budget of adult males. Adult females consumed a Larger 

portion of leaves (52%) and a smaller proportion of  fruits (42%). However, the most 

dominant food species consumed by adult females was Cochito Berries. The two species 

that represented the largest proportion of leaves were h m  Kaway, Yellow Bay Cedar 

trees. and various unknown species 

Group 1's overall feeding budget. by plant species, is represented by 14 different 

plant species. At 37%, Fiddle Wood fruits were consumed more than any other food 

source. Two Fiddle Wood trees existed in Group I ' s home range- A very large Fiddle 

Wood tree grew next to a major trail in a small semi-clearing. The second largest 

contniutor to Group 1 's feeding budget was Cochito Wts (2 L %), which were near a 

major trail. followed by Common Figs at 12% of the total time. Two Common Fig mes 

existed in Group L 's home range, one ofwhich was not discovered until the last week of 

the study, but the other stood on the periphery of the field, which allowed the mearchers 

an excellent view of the hoop. 

Fmits accounted for 70% of the total feedmg budget, Leaves represented 270? 

and flowas contn'bute 3%. On one specific occasion the researchers observed the 
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members of Group I feeding approximately 2 hours on yellow flowers from an 

uriknown tree species. 

Group 2 

Group 2 adult males consumed 15 species. Cochito b e e s  (26%) conm'buted the 

largest portion of the feeding budget. Mangos (Mangilea indica) at (17%), Kaway Leaves 

( 14%), and Sering berries ( 10%) foL1owed As noted before, Cochito and Sering berries 

were consumed mainly during the early weeks of the study. Mangos were consumed 

midway through the study. Two mango trees stood at the edge of the field This allowed 

the observers to note feeding behavior at a close range, unobstructed by heavy foliage. 

Group 2 fed heavily on the mangos for approximately three weeks. On severd instances 

the troop fed on mangos in the afternoon and the researchers waited at the mango trees if 

no other troops could be found. 

The adult females of Group 2 fed primariIy on fluits (79%) and supplemented 

their diets with leaves (2 1 %). Mangos were consumed more than all other species, 

followed by Cochito and Sahg berries. Revision and Hog PIum trees were the primary 

sources of leaves, 

JnveniIe maIes consumed the highest percentage of Mahy AppLes (Eugenia 

nralaccmLFiF). Two Malay AppIe trees stood on the edge ofthe field across fiom the 

mango trees. In order to feed on the apple trees a j w d e  d e  had to cross the fieid 



109 
Both researchers witnessed the crossing and recorded detailed descriptions of his 

behavior. This one juvenile male was the only individual who fed on Malay Apples. 

87% of the juvenile male diet is f i ts ,  and Leaves represent 13%. In addition to Malay 

Apples, Mangos and Cochito and Sering berries were consumed Wild Yam (Dioscorea 

sp,) contniuted 10% and accounted for the all leaves eaten. 

Group 2's feeding budget by plant part is comprised of only Leaves and fi ts .  

Fruits accounted for 70% of the diet and leaves accounted for 30%. A total of I 8  species 

contributed to the diet of Group 2. Cochito fruits were the largest portion of Group 2's 

diet, at 23%, and Mangos contributed 22%. Contrary to Group I, Fiddle Wood h i t s  

were not consumed by any animals of Group 2. Differences in diet between the two 

groups are probably attributed to differences in availabte foods in each group's home 

range. For example, Group I did not have access to Mangos, Malay Apples, or Wild 

Yam trees, 

Group 3 

Fruits represented 69% of the diet of adult males of Group 3. Seven species of 

fhh were consumed: Banac (Virofia kosechnye), Cochito, FiddIe Wood, Common Fig, 

Sering, StrangIer Figs (Ficur massr'usculn), and Wad Grapes ( Vitur tr'Iiifoolia). Cochito 

berries were the overalI dominant species consumed. Leaves accounted for 3 I% of the 

diet and were represented by Paper Glue (Stemmadmia donnellismithii) trees and 

several unknown species. Adult males of Group 3 had the largest home range, yet were 

observed c o m m h g  the fewest number ofspecies. 



The feeding budget by plant part of adult f d e s  of Group 3 consists of fruits 

(79%), flowers (3%), and leaves (16%). Addt females were observed feeding on seven 

species. 56% of the budget was Cochito, 21% was an unknown species, and 9% of the 

budget was comprised of Sering bemes. 

The overall feeding budget of Group 3 was comprised of kits (64%), leaves 

(34%), and flowers (2%). Eleven species were represented of which Cochito was the 

dominant species at 44%. Unknown species contniuted 22% of the budget followed by 

Common Figs at 12% and Sering bemes at 10%. Group 3 was the only Group that was 

observed eating WiId Yam Leaves and Wild Grapes. 

Feeding Budget For All Adult Males 

The feeding budget by plant species of aduIt males contains 18 different species 

and all three parts of food. Fruits accounted for 66% of the feeding budget, leaves 

comprised 32% and flowers accounted for 2% of the feeding budget. The dominant 

species was Cochito at 33% followed by unknown species at 16%. 

The feeding budget of adult rnaIes is composed of more plant species, in 

comparison to other age-sex c1asses. The high number of species that represents the 

feeding budget for aduit males may be due to the overaiL higher number of hours 

coIlected on adnlt males, 
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Adult Female Feeding Budget 

Each of the three food categories is included in the adult female feeding budget: 

fhits comprised 75% of the budget, 24% of the budget is represented by leaves, and 

flowers accounted for I% of the budget The budget consists of 15 species. Cochito 

represented 39% of the budget, unknown food accounted for L69/0 of budget, followed by 

Mangos at L5%. 

Juvenile Male Feeding Budget 

8 1 % of the juvenile feeding budget is fixit, 16% ofthe budget consists of leaves 

and the remaining 3% is flowers. Twelve species were included in the feeding budget. 

Common Figs were the dominant species (29%) followed by Kaway leaves at 1396, and 

Cochito berries at 12%. 

Jimenile Female Feeding Budget 

The j w d e  female feeding budget is comprised leaves (55%) and h i i s  (45%). 

Eight species are included in the budget: Banac, Cochiro, Fiddewood, Common Fig Hog 

Plum, Mango, Sering, and unknown species. The dominant species was Fiddewood at 

3 1 % foff owed by Cockto at 20%- 

I i m t  Feeding Budgets 

Fifty-five percent ofthe foods eaten were M t s  the mmhing foods were leaves. 

Nine species were represented m the feeding budget The dominant species were Sexing 
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(22%) and Cochito (22%). Want females consumed each of the three food types. 

Fruits accounted for 88%, leaves consisted of 1 1%, and flowers were I% of the feeding 

budget- 

The greater breadth of plant species in adult diets could be due to two things. 

First, more data was collected on adult individuals, and therefore their feeding budgets 

should be more complete. Secondly, however, Bicca-Marques & Cdegaro-Marques 

(1994) suggested that aduIts could dispIace younger individuals, which may Iead to 

differences in diet. The dietary differences in this group were not extreme, though. Few 

(6) displacements were observed throughout the entire study. The researchers did not 

observe aduits actively displacing juveniles and infants and intragroup agonisrn was 

extremefy low. During feeding bouts the group moved as a cohesive unit and usually fed 

on the same food patch. This behavior was consistent with the two sub-groups of Group 

3. 

Differences in food consumed between groups can be attniuted to those foods 

that are available within the range. The overall feeding budget of Group 2 does not 

contain flowers, which were not sighted in the home range. Flowers represent 3% of 

Group 1's overall feeding budget and 2% of Gmup 3's budget. This can also be 

iIIuswted at the species level Group 2 consumed each of the foUowing species: Wild 

Yams, Mangos, Malay Apples, and Black Bay Cedar Leaves. Group 3 was the only 

group that consumed Paper Glue Leaves, and WiId Grape both of which were found in 

high numbers throughout the range. 



Comparhons to Published Accounts 

SiIver et al(L998) reported Alouanu pigru plant part feeding diets as foUows: 

leaves 45. I%, fruits 40.896, flowers 10.6%, and other food items at 3.4% of the feeding 

budget Each of Silver et aL's study gmrrps consumed higher levels of leaves and flowers 

and a lower level of fiuit consumption when compared directly to Group 1, Group 2, 

Group3, and the feeding budget by plant parts of all animals sampled. 

In contrast, JulIiot (1996) studied fhit choice in Alouatta seniculus at French 

Guiana and constructed a feeding budget for her study group. The results of her feeding 

budget by pImt part were: Ieaves 57%, fhit 255NT and flowen 12.6%. Each Monkey 

River group consumed larger proportions of h i t s  and tesser proportions of leaves and 

flowers when compared to the result of Julliot's study. 

Chiareffo (1994) observed the diet of red howIer monkeys and constructed the 

foUowing dietary budget: Leaves comprised of 73%, £hits made up 5%, flowers we= 

12%, petioles and m*gs were 3%, and unidentified foods were 8%. Each Monkey River 

study group consumed fm less leafy materials and fI owers, and more kits. The large 

degree of variation in diet is due to the poor marginal envin,nment that Chiarello's study 

group inhabited It shodd be noted that no Monkey River animaI was observed feeding 

on any plant part but fbh, flowers, or Ieaves. 
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The feeding budget constructed by Neves and R y l a .  (I99 I) for red howlers 

is as follows: leaves 57%, I3 -5% fi ts ,  4% flowers, and 27% seeds. The percentage of 

feeding on leaves in Neves and Rylaods' group exceeds the percentage of  foiivory in all 

three Monkey River groups and aU three study groups exceed Neves and Rylands' group 

in hgivory. However, each group and the plant part feeding budget of all animals 

sampled have similar values for the percentage flowers that were consumed- 

Chapman (1987) studied mantled howlers for a tot& of 394 hours and constructed 

the following feeding budget: fruits 28 J%, flowers 22.5%- and leaves 49%. The results 

of the w e n t  study do not agree fX1y with Chapman's feeding budget. Each study group 

and the Monkey River population as a whole exceed the total percentage of h i t  

consumption and were observed consuming smaIIer percentages of flowers and leaves. 

Estrada and Estrada-Coates (1986) constructed the following feeding budget by 

plant part for mantled howler monkeys at Los T d a s ,  Mexico: 46% leaves, 53% fits, 

and 1% on other food resources. Estrada & Estmda-Coates (1986) report higher 

percentages of Ieave consumption and smaller percentages of f i t  consumption in 

comparison to Group I, Group 2, Group 3, and the overall feeding budget by plant part 

for a.U animaIs sampled at Monkey REVer. 

Milton (1979) studied mantied howler monkeys on BCI and constructed the 

foIIowing feeding budget: 48.2% Ieaves, 42.1% on f i u i ~  9.6% and on flowers. Group I, 

Group 2, and Group 3, and the Monkey River popaIation as a whoIe consumed a higher 
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proportion offbits and a lower proportion of leaves and flowers compared to d t s  

of Milton's study. 

Limitations of this Study 

The focus of this study is to compare the results of size and composition, home 

range, and activity and feeding budgets to other published accounts to the genus Alouana. 

The study was Limited by many extraneous variables. The largest of theses variabfes was 

the restraint on time. Mer a review of the resuits it becomes clear that an entire year is 

required to make any accurate assumptions regarding this population. 

With the exception of Group 3, group size and compositions remained the same. 

However, a longer period is required to desmibe the split in Group 3. A longer period of 

time would allow the researchers to determine if the goup split permanently or formed 

sub-groups on the basis of feeding sites. 

Home ranges were much mder than other published d t s .  SmaH ranges 

appeared to be the r e d t  of geographic isolation but may be due to the researchers Iack of 

understanding each range. G m q  2 was observed crossing the fieId on two occasions and 

it is highly probable they cross the field more often. This behavior suggests that a group 

wilI come to the ground to obtain other feeding sites. Pahaps Group L or Group 3 cross 

the road and range on the conhinuos forest 
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Additionally, the researchers had limited knowledge of each groups7 range. It 

is necessary to iden* as many feeding sites as possible to locate the group and track it 

to other sites. 

The activity and feeding do not i l l y  represent the behavior ofthe monkeys. 

Juveniles and infants engaged in social behaviors and locomoted much more than adults 

although this is not accurateIy displayed by the results. The feeding budgets also suggest 

that the population consumed large amounts of *ts, lower levers of leaves, and very 

small amount of any other plant p a  This populations sbouId be monitored for a 

minimum of a year to determine percentages of all plant species that are consumed and 

each plant p a  

If researchers continue to study the Monkey River population and build a larger 

data set accurate comparisons can be made to other species of Aiouatta and other 

populations of Alouana pi' 

Conclusion 

The study groups of this smdy f i t  eady into the parameters of published accounts 

of Aloua~u- Group sizes did not deviate h m  other reports but the number of a&t 

males in each group is mtaeshg. In order to expIain the Iarge number of aduIt males, a 

Iong-term study is reqaired AduIt maIe membership may be due to chance alone, and 
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may not represent a real difference in dispersal patterns or the length of adult animd 

tenure. 

The home ranges of each group appear extremely small compared to the 

published materials. Reduced ranges may be due to the methods applied. The focus of 

the study was activity and dietary budget, while home range and ranging behaviors was 

received less emphasis. In order to obtain accurate ranging patterns and home range use, 

a study of longer duration is required based specifically on this topic. 

It appears that each study group is folivorous and hgivorous. A higher portion 

of fruits was consumed in these groups than in the published accounts, but a shift in diet 

was obsemed in the final weeks the study. This shift appeared to be a reaction to 

seasonai variations at the study site. The large portion of fruits in this study may be 

inflated; leaves may be consumed in greater portion in the following months. A Long- 

term study would better ilIustxate the percentage of hits, leaves, and flowers. The 

monkeys at this site consumed only 29 species. This is a dative low number of species 

in comparison to work done at other sites. 

The activity budget results were simdar to other published activity budgets. It is 

possible that differences in activity budgets are due to operationalized definitions of a 

behavior or behavioral category. The majority of data coIIected on this population was 

on ad&, so these results should be used with to desm'be the activity patterns of 

immature howler monkeysys 



REFERENCES 

Mtmarm, J. 1974. Observational study of behavioc Sampling methods. 

Behaviour 49: 237-265. 

Agoramoorthy, G. and R u b  R 1995. Wanticide by adult male and subadult mde in 

Free-ranging red howler monkeys, Aiouatta senicui~~,  m Venezuela Ethology 

99: 75-88, 

Belets ky, L. 1999. Belire and northern Guatemu&a. Saa D iego: Academic Press. 

Bicca-Marques, B.C. 1992. Drinking behavior in the black howler monkey (Aluuutta 

caraya). FoLia Primatoiogrktt 58: 107-1 1 1. 

Bicca-Marques, B.C. and Calegaro-Marques, C. 1994. Exotic pIant species can serve as 

staple food sources for wiId howler populations. Folia Primatdogica 

63: 209-21 1, 

Bob, I. L 98 1. Male parental behavior m black howIer monkeys (A&oumta paLIiata 

p i p )  in Beke and GuatemaIa, Prhates 220): 344-360. 

Beza et al. 1983. Feeding habits ofthe red howIer monkeys (Afouatta senink) in the 

LIanos of Venemeia Mimulia 47: 205-214- 



Cant, J.GH. 1986. Locomotion and feeding postures of spider monkeys and howhg 

monkeys: Field study and evo[utr*onary interpretation. Folia Prr'rnat~lo~ca 46: 1- 

14. 

Chapman, C. 1990. Ecological constraints on group size in three species of neotropical 

primates. Folia Primatologka 55: 1-9. 

Chapman, C. 1987. Flexibility in diets ofthree species of Costa Rican primates. Foiia 

PrirnatoIogtica 49: 90-105. 

Chiarello, A.G. 1994. Diet of the brown howler monkey Aioutntafica in a semi- 

decidudous forest fiagment of southeastern Bradl. Primates 3 5: 25-34. 

Clarke, M R ,  Zucker, EL., and Scott Jr., NJ. 1986. PopuIation trends of the mantled 

howler groups of La Pacifica, Guanacaste, Costa Rica American Journai of 

Primuto[ogy I L : 79-88. 

Crocken, CM. 1987. Diet, dimorphism and demography: perspectives h m  howlers to 

hominids. In: The evolution of hmm behavior primate modelr. Ed W-G. 

k e y .  New York: State University of New Yo& Press. 



120 
Cmckett, CM. and Eisenberg, J9. 1987. Howlers: variations in group size and 

demography. In: Primate Socieries. Ed. Smuts et al. Chicago: University of 

Chicago Press. 

Cuaron, A.D. 1997. Conspecific aggression and predation: costs for a solitary mantled 

howler monkey. Folia Primatologica 68: 100-1 05. 

Da Silva, Jr, E.C. 198 1. A preliminary survey of brown howIer monkeys (A[ouana 

m c a )  at the Cantareha Reserve (Sao PauIo, Brazil). Review of BrasiaIian 

Biology 4 1 : 897-909. 

Eswda, A. and Coates-Estrada, R. t 986. Use of leaf resources by howling monkeys 

(Alouatta palliata) and t & ~ g  ants (Atta cephaIotes) in the tropical rain 

forest of  Los Tumlas, Mexico. American Journal of Primato[ogy IO: 5 1-66. 

Estmda, A and Coates-Estrada, EL 1984. Fruit eating and seed dispersal by howling 

monkeys (Alouatta palliuta) in the tropical rain forest of Los Tuxtlas, Mexico. 

American JomaI of PrimatoIogy 63-9 1. 

Fedigan, LM. 1986. Demographic trends in the AlbumtapalIina and C e h  capucinur 

popdatiom of Santa Rosa Nationd Park, Costa Rica In: Proceedings of  the lb 

Congress of the Internarr'onal PnPnmato1ogical Socikty "PnPnmae Ecology and 

Comentatibon'~ E d  Eke and Lee. Cambrt-dge: Cambddge Press. 



Fedigan, L.M., Fedigan, L. and Chapman, C. 1985. A census of Alouatta paNiata and 

C e h  capucinus monkeys in Santa Rosa National Park, Costa Rica Brenesia 23: 

309-322. 

FIeagie, J.G. 1988. Primate Adaptation and Evdution. San Diego:. Academic Press. 

Galetti, M., Pedroni, F., and Morellato, L.P.C. 1994. Diet of the brown howler monkey 

AIouana fwca in a forest hgrnent in southeastern Brazil. Mammalia 58: 1 I I-  

r 18. 

Gilbert, K-A- and Stoaer,  P.C. 1989. Use of a ground water source by mantled howler 

monkeys ( A h a t t a  palliata). Biotropica 2 I : 380. 

Glander, ICE. 1992. Dispersal patterns m Costa Rican mantled howIing monkeys. 

Internutiond Journai of PrimatoIogy 13 : 4 1 5-436. 

Horwich R.H. and Gebhard, K I983. Roariog rhythms in black howler monkeys 

(Aluuattu pigra) of Belize. Pnmates 24: 290-296. 

Isbell, LA.  199 1. Contest and scrambIe competition: patterns offemate aggression nad 

ranging behavior among primates. Behmbral Ecoiogy 2: 143-155. 



Idiot, C. 1996. Fruit choice by red howler monkeys (Albuatta senicuItls) in a 

tropical rain forest Amencan J m a I  of Prr'rnatology 40: 26 1-282. 

JulIiot, C. and Sabatier, D. 1993. Diet ofthe red howier monkey (Almt tu  smiculur) in 

French Guiana. International Jomai  of PrimatoIogy 14: 527-550. 

Lehner, PN. 1996. Handbook of ethulogical methodr. Cambridge: Cambridge Ress. 

Martin, P. and Bateson, P .  1996. Meanving behavior. Cambridge: Cambridge Press. 

Milton, K. 1980. The joraging strategy of howler monkeys. New Yo&: Columbia 

University Press. 

Milton, K. 1979. Factors influencing leafchoice by howler monkeys: a test of some 

hypotheses of food selection by generalist herbivores. Amencan Naturalist L 14: 

362-3 78, 

Neves, AMS.  and Rylands, AB. L99 L. Diet of a group of howling monkeys, AIouana 

senimiw, in an isolated forest patch in CentraI Amazonia A Pn'rnuto&oga no 

BrmiI 3: 263-274- 

Neville, M K  1972. Socia1 relations within troops ofred howIer monkeys (Almatto 

senrenrculw). Fufia PrinrctologrCa 18: 47-7?. 



Neville, MJC, GIander, K.E., Braza, F. and Rylands, AB. 1988. The howling monkeys, 

genus A louatta. In Ecology and behavior of neotropicaI primates, vol. 2. Ed. 

EtA Mittermeier. Washington D.C.: World WiIdife Fund. 

Ostro, LET., Silver, S.C.. Koont~  F.W., Yo- TP., and Horwich, R.H. 1999. 

Ranging behavior of translocated and established groups of black howler 

monkeys Alouatta p i p  in Belize, Central America Biologt'cal comervation 87: 

18 L-190. 

Peetz et aI. 1992. Predation by jaguar on howler monkeys (Alouatta seniculus) in 

Venezuela Amerrcan Journal of Primatology 28: 223-228. 

Rosenberger, A.L. and Strier, ECB. 1989. Adaptive radiation of the ateline primates, 

JournaI of Human Evoiution L 8: 7 17-750. 

Ruc€ran, R 1979. The demography and social mobiIity of a red howler (AImatta 

senicuim) population m Venezuela In: Vertebrate Ecoiogy in the Nonhm 

Neonopics, eeb J.F- Eisenbag. Washington D.C.: Smithsonian Institotion Press. 

R e  Dl. 1990. AImutla cmqu: popdation d-ty and demography m northern 

Argentina Amhcan JounaL of Primatology 2 1 : 279-294. 



Sekulic, R 1982. The function of howling in red howIer monkeys (Alouuzta 

senicuitu)). Behaviour 8 1 : 3 8-54. 

Sekulic, R. 1982. Daily and seasonal patterns of roaring and spacing in four red howler 

A~ouatta senicuIw troops. Folin Primatologiica 39: 22-48. 

Silver, S.C., Ostro, L.E.T., Yeager, CS., and Horwich R. 1998. Feeding ecology of the 

black howler monkey (Alouana pigra) in northern BeLize. Ammican Journal of 

Pn'mutologv 45: 263-279. 

Simmen, B. 1992. Competitive utilization of Bagassa fixits by syrnpatric howler aad 

spider monkeys. Folia Primatologica 58: 1 55- 160. 

Stoner, K.E. 1994. Population density of the mantled howler monkey (Alouatta palliata) 

at La Selva BiologicaI Reserve, Costa Rica: a new technique to analyze census 

data Biotropica 26: 332-340. 

Van Schaik, C.P. 1983. Why are diurnal primates Iiving in groups? Behavi0ur 87: 120- 

143. 

Van Schaik, CJ?. and Dunbar, RLM. 1990. The evohtion of monogamy in Iarge 

primates: a new hypothesis and some crucial tests Behmriour I IS: 30-6 1. 



125 
Van Schaik, C.P. and Van Hoot J. 1983- On the ultimate causes of  primate social 

systems. Behawow 85: 9 1-1 17. 

Wrangham, R 1979. An ecologicd model of female-bonded primate groups. Behatiour 

75: 262-300. 

Zucker. EL. and ClarkeT MR. 1998. Agoaistic and afiliative relationships of adult 

female howlers (Aiouana paUiata) in Costa Rica over a &year period. 

International Journal of Aimutofogy 1 9: 43 3-449. 



APPENDIX 

Inter-Observer reiiabillty 

Inter-observer reliability was performed on six occasions to determine if the 

researchers were identifying behaviors on a reiiabIe basis. Each reliability scan was 

chosen on a random day and on a random focai animal. Reliability was determined for 

each scan on two levels: the behavior itself and occurrence of the behavior. For example, 

if the researchers observed a focal inactive for five minutes, then Iocomotes for the 

remainder of the sample, the sampie would require each observer to agree that the focal 

was inactive and then moved (Level I )  and agree on the time at which the behavioral 

change occurred Any behavioral scan that did not agree 100% on the observed behaviors 

was considered unreliable and any scan that did not agree on the occurrence of a 

behavioral change within 95% (30 seconds) was also deemed unreliable. Researchers 

agreed on every scan on both the behavior observed and when the behavior changed 




