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Abstract 

Popularion growth in black howling monkeys (Alouatta pigra) was srudied in an area of 0.63 km2 from 1990 ro 1999 ar the 
Communicy Baboon Sancruary, Bermudian Landing, Belize, Cenrral America. Populacion densicy increased over rime, and populacion 
growrh was found to be densicy-dependenr, with a higher rate of increase becween 1991-1996 than becween 1997-1999. The 
shape of the age disrribucion of the populacion was similar across years, although the proporcion of adule males in the populacion 
decreased significantly with increased populacion densiry. Changes in membership ovcr time for 18 monkey groups suggesced thac 
popularion growth may also result from an increase inche number ofgroups and lengch of cenure of groups. Groups wich no or only 
one immature (infam, juvenile, or subadult) were confined to che period of populacion increase. Alchough more male infancs were 
escimaced co have survived to che juvenile age dass, che resulc was scacisrically insignificant. Interbirth inrervals were wichin che range 
for ocher species of Alouatta. Our resulcs also indicace that increased population densicy and consequem increases in mean group size 
decrease che abilicy of single males ro monopolize femalc groups due, in pare, to decreased opportunicies for single males ro found 
new groups. Aconsequence of chis condirion would be increased male-male compecicion for mates. 
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Introduccion 

A!ouatta pigra, che black howling monkey, has che mosc rescricted 
gcographical distribucion of any species inche genus (Wolfheim, 
1983). Ic is found in undiscurbed and disrurbed habitats of 
souchern Mexico, northern Guatemala, and Belize (Horwich and 
Lyon, 1987; Wolfheim, 1983) and appears co favor riparian and 
seasonally flooded forcscs (Horwich amdJohnson, 1986; Lyon 
and Horwich, 1996). Black howlers are classified ar a low risk of 
excinccion according to che Mace-1.ande syscem (Rylands etal., 
1995), alchough populations may be locally endangered or excinct 
(Horwich et al, 1993). Like ali of rhe other species of Alouatta 
except A. palliata (che manded howling monkey), A. pigra are 
generally organized into polygynous demographic subunits of 
one adult male and two or duee adulr females in addirion to 
irnmacures (Crockett aad Eisenberg, 1986; Wolfheim, 1983; 
Chapman and Balcomb, I 998; Horwich et al, in press). Like 
other howlers, however, variation in popularion strucrure is 
noceworthy (Crocken and Eisenberg, 1986), ranging from single 
male-single female to multimale-multifemale subunits (Bolin, 
l 981; Horwich and Gebhard, 1983; Horwich etal., in press). 

Asdiscussed by Ricklcfs(l979) andBegon and Mortimer (1986), 
populacions of organisms may be increasing in numbcr, decreasing, 
or may be found ata scable equilibrium. These authors poinr out 
char populacion trends may be correlated with variacions in food 
supply, climace, predacors, parasites, or ochcr facrors (e.g., habitat 
discurbancc). Changes in populacion numbersduringaspecified 
rime pcriod can be dassified as "srabilizing" (densicy-dependem) 
or "non-stabilizing" (densicy-indcpendenc), and the relacive role 

of each in regulating populacion growch has been sharply 
debated. Densiry-dependem factors imply compcticion for 
limited resources such as food or space, which influences che 
smvival and reproduccion of individuais with consequcm 
resulcs upon che growrh of populacions. Predacion is also 
generally densicy-dependen r, varying wich the densicy of che 
populacion, with predacion pressure increasing witl1 increases 
in populacion growth. Densicy-independem factors (e.g., 
climace) influence population growrh wirhour regard co 
densicy, and densiry-independenr and densicy-dependenc 
faccors may inreracr. Here we report scudies of population 
growth in che Belizean black howling monkey (A. pigra) and 
discuss che observed resulrs in terms of currenr evidcnce for 
other species of the genus. 

Methods 

Study area, site, and animais 
The srudy was conductcd ar the Communicy Baboon 
Sanccuary (CBS, 17º33'N, 88º35'W), a managed reserve of 
47 km2 formed in 1985 by a cooperarive agreemenc among 
privare landowners (Horwich, 1990). Black howlers are che 
only primace species found ac the CBS and are noc hunred 
there. Thc CBS is a mosaic of small. farms, pasrurcs, and 
secondary tropical moisc semi-deciduous foresc fragmcnts, 
including riparian habitar along the Belize R.iver (Horwich 
and Lyon, 1990; Lyon and Horwich, 1996). The primary 
scudy arca of0.63 km2 is composed of mapped rrails, induding 
mapped and idencified crees. The landscape of the CBS is 
concinuously changing due to farming, including "milpa" 
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(slash-and-burn) agricultura! practices and dearing for ocher 
reasons (Lyon and Horwid1, 1996). Nonechelcss, large areas of 
the CBS are revegetating, providing habitat for the monkeys. 
From 1985 co 1999, home ranges have concracted, and maps 
demonscrace thac population incceasc has rcsulted in howlc.:rs 
sercling previously unoccupied habitat, in new units setding 
in areas ofhome range overlap berween existing groups, and in 
the increase ofhome range overlap (R. Horwich, unpublished 
data). Consistem with chese observations, our maps show that 
colonization is the primary ouccome of bisexual dispersai 
(Horwich et al., 2000), similar to polygynous A. senicuíus in 
Venemela (Pope, 1992) and diff:cring from polygynandrous 
A. palliata at La Pacifica, Costa Rica, wlúdi primarily immigrace 
inco exiscing groups (Glander, 1992). Howlers are generally 
regarded as "pioneer species" (Eis:enberg, 1979). 

Decails of the study site can be found in Horwich and Lyon 
( 1990) and Silver ( 1998; also sce Silvcr et a!., l '998). I n brief, 
foresc rhychms are seasonal, with new leaf produccion occurring 
mainl.y during the early rainy season (lace May or early J une). 
ln che Belize District of northem Belize, flower producrion 
demonstrares a large peak during che dry season (February 
through May), wich a second, smaller peak occurring abour 
one monch after the iniriarion of the rainy season. Fruir is 
available to black howlers in every month, buc availability peaks 
near che cnd of chc dry season and shon:ly after the iniciacion of 
che rainy season. Silver (1998; also see Silver et aí., 1998) 
found chat fruir accounced for abour 41 o/o of the diet ofblack 
howlers ar the CBS while young leaves made up abouc 37% of 
che diet for thesewholly herbivorous monkeys. 

During our scudies, we were able to discriminate four habitat 
cypes inhabired by black howlcrs: lace successional, early suc-
cessional, pasrure, and marsh. Both lace successional and early 
successional habitats are dominated by Coccoloba hondurensis 
("black gi-ape") and lnga vera ("bri-bri") wirh three other species 
having a relacive dominance > 5% (Lonchocarpus sp. l, Gunzuma 
ulmifolia, Cohuna orybigna) (Silver, 1998). The habitats were 
discriminated by canopy heighr and canopy covcr. Late 
successional canopy heighc was estimared to vary from 60 to 
l 00 feecwhile early successional canopy heighc was <50 feec. 
Late successional canopy cover varied from 50 to l 00%, while 
early successional cover was less than 25%. 

Data colíection and anafysis 
A. pigra have becn studied ar che CBS since 1979 (Bolin, 
1981), withsyscemacic research beginning in 1983 (Horwich 
and Gebhard, 1983). Researchers surveyed and mapped a 
4.05 km2 area from 1985 to 1989, concemraring on the 0.63 
km2 srudyarea from 1990-1999, che time period comprising 
rhe presem report. Dara for 1994 were incomplere and 
therefore eliminared from our analyses. ln che srudy site, more 
chan 1 SOO trees havc been cagged and mapped. Marking of 
animais and relared genecic and rnorphometric scudies began 
in 1990, and an estimaced 5,000 h of obscrvácion rime has 
been devoted to the black howlers ac the CBS by our research 
group. The surveys were iniriared by R.H.H. and his field 
assisrancs, and were concinued yearly uncil 1992 when monthly 
ccnsusing and mapping of home ranges wcre undercaken by 
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R. H. H. and R. C. B. and rheir field assisrancs. Ad libitum 
behavioral observarions were also made during chese pcriods of 
scudy, concenrracing especially cm male rakeovers, paccerns of 
dispersai, and social behavior witlún groups (Brockett et aL, 1999; 
Brockett et aL, 2000; Horwidi et aí., 2000). Age/ sex classificarion 
followed che syscem of Clarke ( 1990) for A. pal!iata, and sub-
adules wcrc counccd as juveniles. Unmarked individuais were 
idencified by scars, broken bones, or other discinguishing fearures 
(e.g., ecroparasites), a possible source of error in the presenc study. 

Our census prorocol dept:nded upon enlarged copographic maps 
(1: 1,200) of rhe srudy site upon which repeated sighcings of 
monkeys werc marked daily for the durarion of eadi study pcriod. 
We defined a demographic group as any bisexual unir of cwo or 
more (reproducrivc) individuais on a home range. "True censuscs" 
(Smith, 1966) were possiblc because we had the manpower to 
counc every individual black howler monkey encoumered in rhe 
target arcas, because black howlcrs are relacively scdencacy and 
faithful to their home range, becausc howlers are relacively easy to 
Jocace dueto cheir vocalizacions, because we as.~wned chat mon:alicy 
and recruianentwere negligible during the census periods, and 
becausc we assumed thar each individual of the focal populacion 
had an equal likelihood of bcing counced. Our maps yiddcd 
quadrats which wcre assigned ro survey pareies of2-5 fieldworkers 
daily, and efforcs wcre concencrated between 0600-1100 and 
1400-1700 when black howlers are most accive. Survey parties 
initiated thcir search inche scudy area walking ar - 1,250 m/h on 
parallel rransecrs through chc foresr -20 m apare. One member of 
each search parcy walked -15 m bchind tl1e mher surveyors, 
moscof whom were fan1iliàr with the habics ofblack howlers and 
were cxperienced field workers, local inhabicancs, ,or scudcnts. 
Recuro walks and rocacion of observers becween rransects on 
differenc days wcre conducted opporruniscicalJy, a p°'5sible sourcc 
of error. When an individual or group of monkeys was sighced, 
observers recorded percinent informacion (e.g., identicy or 
distinguishing marks, age/sex dassificacion, time, weacher 
condicions, behaviors) and remained in the vicinicy of the indivi-
dual or group for ac leasc l h. Individual and group posicions 
were recorded on maps for !ater analysis and esúmacion ofhome 
range sizes. Surveys wcre rarely conducted in che rain. Bccausc of 
the frequency of sur:veys at this site and the large number of 
fieldworkers involved, we belicve that our dara represent a 
confidentassessment ofblack howler population numbers ar the 
CBS. 

Our measures of popularion densicy are "crude density" estimares 
(numbcrs/cotal area). Two-cailed staciscical reses are used for 
scacisrical analyses, and levei of significancc was ser ar 5%. 

Results 

Growth rate ofpopu!ation 
Figure 1 shows populacion size and populacion densicy for rhe 
nine survey years. Thc intri nsic rate of populacion increase was 
compuced for cwo cime periods: 1991 to 1996 and 1997 ro 
1999. Populationincrease from 1991-1996 was0.ü7, from 1997-
1999, 0.01. Thesc resulrs indicace char populacion growch for 
black howlers ar the CBS is densicy-dependenr (scc.: Rick:lefs, 1979, 
p.324), demonscracing an inicial period of mod,csc incrcasc, 
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possibly as a rcsulr of recovery from che 1979 population crash 
and slowing wich time. Population growch from 1990 to 1999 
may parrially reflecc growch in howler numbers occasioned by 
cooperacive conservacion agreemems wich landowners ar che CBS. 

Age distribution of the population 
Figure l shows che age distribution (percenc of individuals in 
differcnc age classes) of che black howler population ar chc CBS 
from 1990 to 1999. If che proportions of che immacure age 
classes (infancs, juveniles, and subadulrs) are summed, immarures 
represem a relatively large proportion of adulcs inche popularion 
for ali years, suggesring chac che populatíon is neicher rapidly 
increasing nor declining. 

In an attempt to assess che scabilicy of che populacion over rime, 
a chi square tese of proporrnons was performed for each age 
dassificarion across che nine years of srudy. Significam differences 
in proportions ofinfanrs, juveniles, subadulcs, or adules across 
years would indicace chac densicy-independenc faccors are in effect. 
lnsignificanr differences acrossyears would suggesr chat dcnsicy-
dependenr facrors shape populacion archicecture in importam 
ways. No comparisons were scacistícally significam (lnfancs: X2 = 
14.27, df = 8; Juveniles: r..2 = 8.35, df = 8; Subadulrs: X2 = 9.8, 
df = 8; Adules: :;c1= 6.27, df = 8). This partem implies a stable 
age discribution anda population chat is noc rapidly expanding 
(Odum, 1971). 

What is chc relacionship becween increasingpopularion density 
and age/sex class? While proportions ofinfanrs (r = 0.36, df = 7) 
and juveniles (r = 0.64, df = 7) are positively corrclaced with 
population densicy, these coefficiencs are not scaciscically 
significam. Proporcions of subadulcs per year are negatively 
correlaced wich increasing popularion density (r = -0.32, df = 7), 
a stacistically insignificant coefficienc. Proportions of adule femaJes 
are ncgacively correlaced wich increasiog population densicy (r = 
-0.34, df"' 7); however, rhis coefficienc is, likewise, noc sraristically 
significam. Proportíons of males in popularions are negatively 
and significandy corrclaced with increasing populacion densiry 
(r = -0.78, P<0.02, df= 7). Thus, as populatíon densicy incrca.sed, 
che proporcion of males in black howler populacions ac che CBS 
decreased from 1990 to 1999. Coefficientofdererminarion (r2) 
equals 0.61. Thus, 61 % of che variance in male popularion 
numbers is accribucable co popularion densiry. This relatíonship 
is complicaced, however, by che observacion chac, as populacion 
dcnsiry increases, che proporcion of groups wich > 1 male 
("mulrimale groups") increases (r = 0.59, df = 7, n.s.). Overall, 
increased populacion dcnsicy leads coa decreased proporrion of 
adules inche population (r = -0.78, P<0.02, df = 7), primarily 
accounced for by decreases inche proporrion of adule males. 

Changes ín group membership 
Table l exhibirs changes in group membership by age/sex class 
from 1990 to 1999. Eight (44%) groups had a relacively brief 
reoure on che scudy site(-;: 5 years) showing that excinccion of 
groups is a relaávely common occurrence during che ear!y years 
of population increase. This finding suggests chac population 
growth may also resulr from an increase .inche numbcr of groups 
and length of tenurc of groups. The number of groups in che 
scudysire increased from 11 to 16 from 1990 to 1999. While 
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nec changes in group membership across years are oli:en positive, 
net ehanges across years are small (generaJly fewer than 5 
individuais). Thc sarne row as well as inspecrion of spccific 
groups also inrucaces char juvenilcs, subadulcs, and adules of 
both sexes emigrare from and immigrace inco groups (Broclcett 
etaí., 2000). 

A related finding of our scudy demonstrares chac of che 128 
group councs becween 1990 and 1999, 24 (19%) exhibited 
no or onlyone immacure (infanc, juvenile, or subadulc). Ali of 
chese groups were observed from 1990 to 1996 during che 
pcriod when rate ofincrcase was highesc. This result may reflecc 
the esrablishmem of new groups during che phase of populatíon 
expansion. 

Related demographic events in populations 
Figure 2 shows our results for mean group size per census year, 
mean number of males per group per ccnsus year, and mean 
number of adule femalcs to m~an number of adule males per 

Popularion Popularion 
Siic Density 

'" (No. lndividu:tls) (lnd./Km') :: 1990 1 65 103,l7 
li¾ "" ;_ - - .,. 

lnfanlS Juvenlle.s Sub-Adults Adult, 

;1 
1991 .. % 

1 62 98.41 
'°" , .. "' -lnlants J1,1vcnilcs Sub-Adulli; Adu1\s 

~! 1992 "" 
"" "" 1 61 96.83 

"' - -lnfanls Juveir,ile, SIA,.M,it, Adult, 

.... L 1993 .. ,. .. ,. 1 70 89.52 .,.. .,,. : ,, - "'" -lnfants Juvonias Sul>Adub """"' 

;! 1995 .... 
,.,. 1 105 100.00 

"' - .,, 
lntantl JUVetl!lts SW-Mih• AdYltl 

~I 1996 .... 
,. .. 1 90 142.86 ... • "' -lnl..-1' JU\l'llnlki Sul>-Ad\llt, Adults 

êj 1997 .... ··~ 1 108 171.43 ... . .. ... -Infante, Juvenll81!11 s_, ,A,6,.11t, 

1998 .... ,.,. 1 103 163.49 
"' - "' 

lnl411\ls Juvenitoa: Sub-A(lull-$ Adulls 

;1 
1999 ., .. 

,.,, 1 Ili 178.19 
"' - "' -lnfants JU'llenlle.s Sub-....,, """'" 

Figure 1. Age distribudon per census year (1990 - 1999) for rhe 
black howling monkcy (A. pigra) a[ [he CBS. Populacion sizc per 
ycar (number of individuals) and population densicy (individuais/ 
km2) per year displayed to righc of each yearly h iscogram. 
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Table l. Changcs in group mcmbership ofblack howlers at the Community Baboon Sanctuary, 1990-1999. Numbers represem ner annual 
changes in each age/sex dass for period of group renure on srudy site (dates). 

AGE/SEX CLASS 

Aduil Subadult Juvenile lnfant Adult Snbadult JuveniJe lnfant TOTAL 
Males Males Male!> Males Pema1es Fcmalcs Fcmalcs Femalcs 

GROUP 
School o o o o o +2 -1 o + 1 
1990-99 
Baizar +l o -1 +l o o +2 +1 +4 
1991-96 
fig o o +l +l o o +l +l +4 
1990-99 
Joseph o o o +l o o -1 +2 +2 
1995-99 
Swamp +l +2 +1 o +2 o o o +6 
1990-99 
Bapcist -1 +l +3 +I o o +l +1 +6 
1990-99 
Roxic o o -1 +2 o o o o +l 

1995-99 
Vinceme -1 o -1 o o o o o -2 

1995-99 
River o o o o o o o o o 
1995 
Wade +l +1 +l +1 -1 o +1 +l +S 
1990-99 
Bamboo -1 o -2 +2 -3 -3 -2 o -9 
1990-99 
Marsh -1 +l +1 o o o +l o +2 
1990-95 
Della's o -2 -3 +4 -1 o o o -2 
1090-99 
y -1 +1 -1 +l o o +1 o + 1 
1990-99 
Peninsula -1 +l +S +l -1 o -4 +4 +5 
1990-99 
No.A +l o +3 +2 -1 o -1 o +4 
1990-99 
A +l o +l +l -1 o o o +2 
1990-95 
Ghost +L +L +l o -1 o +2 +! +5 
1993-99 
TOTAL o +6 +8 +18 .7 -1 o +11 +35 

census year. Mean group size per year correlates posirively wich Infant mrvivaL and mortaLity 
populacion densiry. (r "' 0.64, df = 7, n.s.). Coefficienr of Based upon an analysis ofinclividually recognized adule fernalcs, 
decerminacion (r2) equals 0.41. Thus, 41 o/o of che variance in infant survival was approximated by comparing rhe number of 
group size is accriburable co population densiry. Mean number infams of each sex bom in each grou!' per year.against che number 
of males per group in che populacion demonstratcs a weak ofjuven.iles counccd inche subsequenrycar. Thus, if an infanc 
positive correlarion wich populacion densiry (r = 0.26, df = 7, was bom in one year and che juvenile age/sex class was not 
n.s.). Mean number of fernales:mean numbcr of males per incrcased byone inche subsequentyear, che infancwas presumed 
group is noc correlated wicb populacion densiry (r = -0.12). co havc died. Fourry-four ( 44) infancs wcre bom from 1990 co 
Thcsc finclings show chat, on average, mean group size is 1998. Nineceen (19) infancssurvived (43%), 12 (63%) ofchcse 
strongly affecced by populacion densiry and chac, on average, males (binomial tese= 0.0961). Thus, survival appears tO affect 
numbers of males per group remain rclarively scablc. Adule sex male and fcmalc infanc.~ cqually. 
ratio inche population appears co be independem of populacion 
densiry. 
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Figure 2. Changes in A. pigra popularion charactcristics, 1990-
1999 (a, mean group size per ocnsus year; b, mean numbcr of 
males per census year; and, e, mean number of adule females: 
mean numbcr of adule males per census year.) 

lnterbirth intervals 
Mean incerbirch interval (IBI) for che presentstudywas 19.4 
monchs (N = 64 IBis for 32 individually idencified females, 
range= 10-35 monrhs). 

Discussion 

The present repare demonscraces density-dependenc 
populacion growch for black howlers ac thc CBS. Figure 1 
appears to demonsrrate ascable profile. lr would be a misrake, 
howevcr, co consider chis description of rhe popularion's status 
as a permanenr state oras a linear progression of population 
growrh ro be mainraincd indefinicely. Bolin's (1981) 
description of a low-density popularion decimared by a 
density-independenr event (a cyclone) was no more a st:arcing 
poinc rhan is our study thc description of an end-poinr. As 
Crockerr' s ( 1996) repare of population growth in che red 
howlingmonkey (A. seniculus) shows, hisrorical evcncs, boch 
densicy-dependenr and density-independent, affect the 
dynamics of popularions, often in a non-linear manner. Similar 
conclusions can be drawn from reporrs for A. caraya, the black 
and gold howling mopkey (Rumiz, 1990) and A. palliata, 
rhe mancled howling monkey (Milton, t982; Clarke and 
Zucker, 1994). As a fürther comparison, irwould be insuuctive 
co analyzc age disrribucions of Yenezuelan A. seniculus 
( Crockecc, 1996) and of Cosca Rica.n A. palliata (Clarke et ai., 
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1986; Clarke and Zucker, 1994), parricularly since environmental 
pcrturbations char mighr have led ro temporary or permanent 
changes inche age disrribucion are known ar suspecced for these 
populacions. 

Scrier (2000) argues rhat demographic processes are complex in 
species cx.hibiring bisexual dispersai (e.g., Afouatta) due co rhe 
consequences wichin and between groups of alcernacive stra.cegies 
for che escablishmenc of new groups. Decisions by individuais ro 
join existing groups or to found new breeding unics may influence 
sex ratios ofimmatures and adules as well as cheir swvivorship 
and fecundicy. Table 1 reflecrs chese demographic changcs during 
che srudy period. Of course, changes can occur in rhc srructure 
and composicion of specific groups dueto variations in microsice 
facrors wichouc leading to changes in populacion parameters. This 
cond.ition is evidenc by comparing Figure 1 wich Table 1. Group 
composicion varies over time, apparencly wirhouc major changes 
in populacion archireccure over time. For A. pigra ac che CBS, 
population expansion occurs as a resulc ofbisexual dispersai and 
rhe founding of ntw groups (Horwich et al., in press; Brocketc et 
al., 2000) as reflecced in Table 1. These parccrns are characceriscic 
of Alouatta and rnay accounc for rhe ofcen cired plasticity of chcir 
social organizacion (e.g., Crockett and Eisenberg, 1986). 

The 6nding chac increasing populacion <lensiry is posicivcly 
conelated with increasing numbers of mulcirnale groups has been 
observed in anocher scudy ar rhe CBS (Ostra et al, in press) and 
has irnporcanc implications for an interprecacion of population 
growch ac rhe sicc. Osrro and hcr colleagues argue rhac a malc's 
opcions and decisions will change with changes in populacion 
densicy. Our resulrs supporr chis incerprccacion and suggesc thac 
furrher scudies on che causes and consequences of variacions in 
the nu.mber of males in howler groups would be worchwhile (see 
Nunn, 1999). Overall, increased populacion density leads to a 
decreased proportion of adules, in particular, ad'.ulr males, in che 
popularion. Ic appears, then, chac populacion growth may dccrease 
chc ability of single males to monopolize a fernale group, leading 
co more mulrimale groups, possibly as a rcsuk ofincreased male-
male compericion for females as populacion density and, possibly, 
crowcling increase. This condicion would also r<.'Sult in some males 
being eicpelled from che populacion. Our finding rhat mean 
number of males per group in che populacion decreases wirh 
population density can be viewed as a consequence ofincreascd 
group sizewith increases in popuJacion densiry. 

As .Strier (2000) notes, mechanisms of dispersai and group 
esrablishmenc may also have consequences for lifc hiscory 
paramecers (survival and fecu11dity). More chan 50% ofinfancs 
died in our scudy. Our estimares of infanc survival (43%) are 
closer to Clarke and Glander's (1984) findings (55%) for mancled 
howlers in Costa Rica chan Crocketcand Rudran's (1987) (>80%) 
for Vene-welan red howlers. Ir is incerescing conote thar populaóon 
densiry is high ac boch che CBS and Hacienda la Pacifica. Our 
data are similar to those of Crocketc and Rudran (1987) wirh 
respect to survival ofinfanrs as a function of sex. For both black 
howlers ar the CBS and red howlers, a largcr proportion of male 
infancs survivc, alchough che resulcs are nor significant for A. 
pigra, possibly dueto small sample size. Mancled howlers exhibic 
the opposice partem (Clarke and Glander, 1984), a finding chac 
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may relace co differences insocial organizacion berween black 
and red howlers, on che one hand and man cled howlers on che 
other. 

Mean inrerbirth inrerval observed in the presem srudy is 
comparable to those reported for other species of the genus (20-
22.5 months) by Srrier (2000, Table 7.3). Thc range in IBis for 
black. howlers at che CBS indicares rhar female reproduccive 
physiology is highly plastic and capable of responding to variable 
populacion events such as infancicide and srochastic demographic 
processes such as fluccuations in populacion densicy. Crockerc 
(1998) repores chat the reproductive potencial of howler 
monkeys is high relacive to body sizc since reproduccive 
parameters such as !Bis are short relacive to body size. Cicing che 
literature, she suggests thar rhis condicion may represenr 
adapration ro "opporrunistic habirs", recurrenr yeUow fever 
epidemies, or relarively small brain size (to body si7.c racio). The 
greater rcproduccive potencial of howlers may· in part explain 
their success in disrurbed condicions ( Crockett, 1998). 

In conclusion, population growch i:n rhe black. howlcr monkey 
ac rhe CBS is dcnsicy-dependenr, and popularion archirecrure 
as measured by rhe proportion ofinfanrs, juveniles, suhadulrs, 
and adulcs inche popularion across years appears to be scable. 
Furrher srucües are required co describe chc environmenc's impact 
uponA. pigra ar the CBS and to compare and conrrasr ics specific 
featurcs wirh rhose of irs congencrs. Our research also documencs 
changes in group membership across years which impacr 
popularion growrh and indicares possible causes and 
consequences of rhesc changes, including bisexual dispersa!, 
increased group size, increases in the number of groups ovcr 
rime, and increases in che length of tenure of groups. The 
mechanisms of chese parrerns require invcscigation. Our srudies, 
like rhose of Clarke and Glander (1984) on mancled howlcrs at 
Hacienda la Pacifica, exhibit high infanr morralicy. This partem 
is consistem wirh lifc hisrory tactics chat favor adule over juvenile 
(including infanr) survivorship, as reporred for A. palliata ar 
Hacienda la Pacifka by Jones (1997). The factors undcrlying 
chese resulcs require invescigarion wichin and between species of 
Alouatta. Finally, similar co rhe findings of Ostro et al. (in press), 
our 6ndings indicare char population growch may have significam 
consequences for rhe reproductivc r.accics of adule males. ln par-
ticular, increased populacion densicy may increase male-male 
compctition for groups and rheir rcsidenc adule females, and 
may influence a single male's abilicy to monopolize female groups. 
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