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TheIntroduced Free-ranging Rhesus and Patas M onkey Populations

of Southwestern Puerto Rico
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Rhesus (Macaca mulatta) and patas (Erythrocebus
patas) monkeys escaped to the mainland of
southwestern Puerto Rico (SWPR) from research
colonieson small offshoreisandsduring the 1960sand
through 1982. A three year study (1990-1993)
combined radio-telemetry with visual observationsto
collect information on population sizes, thecomposition
of social groups, their daily movements, and their home
ranges. Two populations of rhesus monkeys were
identified in SWPR: onewithinthestudy areain Sierra
Bermejaand a second population located 10km north
of thestudy area. Thesizeof theSierraBermearhesus
population was derived from escapees from resear ch
colonies and at the time of the study was 65-85
individuals. Within their home range area (3.7km?)
the density of this population was »18.9 individuals/
km2, A second rhesus population was found in a
mountainous region 10 km north of the study area.
Thispopulation consisted of one (or two) heter osexual

primary characteristic of this species in India is its
ability toliveasa commensal with humans, therhesus
monkey populations of SWPR ar e extremely shy and
elusive, they avoid contact with humans. The patas
monkey population consisted of »120 individuals in
four heter osexual groups and several all-male bands.
There was no evidence of patas monkeys outside the
study area. Within their home ranges (26.8 km?) the
population density was 4.47 individualgkm?). Patas
monkeys have not previously been considered a
territorial species, their behavior in SWPR suggested
territoriality. In contrast to studiesin Africa, where
the amount of home range overlap between patas
monkey groupsishigh, in SWPR theamount of range
overlap between groupsissmall and each group uses
areaswith clearly defined boundaries.

Key words: Macaca mulatta, Rhesus monkeys,
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groups with a total of 40-45 individuals. Although a
ntroduced rhesus (Macaca mulatta) and patas
I monkeys (Erythrocebus patas) have been free-
ranging on the mainland of southwestern Puerto Rico
for more than 30 years (1,2). Escapees of both species
migrated from the La Parguera Primate Breeding Colony
(LPPBC) tomainland Puerto Rico (Fig. 1). TheLPPBCwas
established on the islands of Cueva and Guayacan in the
Boguerén Commonwealth Forest in the early 1960s under
the direction of the National Institutes of Health (NIH)
and administered by the Caribbean Primate Research
Center (CPRC), Medical Sciences Campusof the University
of Puerto Rico, with permission from the government of
the Commonwealth of Puerto Rico (3).
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The dispersal of escapee rhesus monkeys to the
mainland of Puerto Rico started soon after the initial
stocking of animals on the islands of the LPPBC during
the early 1960s (3). However, their migration intensified
during the period from 1974 through 1977 asaresult of a
contract between the Food and Drug Administration
(FDA) andthe CPRC. Theprimary goa of theFDA contract
was to increase the existing free-ranging rhesus breeding
colony in order to provide monkeys for safety testing of
poliovirus vaccines (4). Asthe number of new unrelated
individuals introduced into previously established social
groups increased, levels of competition and aggression
increased dramatically and a large number of animals,
probably several hundred, managed to escape to the
mainland (5).

Until November 1971, the islands of the LPPBC only
contained rhesus monkeys (6). However, between 1971
and 1979, 46 patas monkeys were released on the islands
of Cuevaand Guayacan. All animalswereimported from
Nigeriaand had been |oaned to the CPRC on along-term
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Figure 1. The La Parguera Primate Breeding Colony (LPPBC
1961-1982) consisted of the islands of Cueva and Guayacan.
Thetotal areasurveyed for this study was ca. 220 km?2. Dashed
linesdelimit total areasurveyed and the solid line delimits study
area(ca. 125 k).

basisby NIH (7). Thefirst evidence of migration of escapee
patas monkeysto the mainland occurred in 1974 when the
body of ayoung male was found in the bottom of awell
(8).

In January 1981, agroup of 85 additional patas monkeys
was added to the existing free-ranging population at
LPPBC. Thisgroup consisted of 82 femalesand 3 males.
The majority (79%) had been caught in Africaand therest
had been born in NIH laboratories (9). During January
1981, the free-ranging patas monkey population of the
LPPBC consisted of 149individuals. During March 1982,
when the LPPBC was closed, a total of 106 patas were
moved from theislands of Cueva and Guayacan to CPRC
headquarters. At that time, approximately 54 animals (26
females, 22 males, and 6 infants) were unaccounted for
and the total number of patas monkeys residing on the
mainland was unknown. Thus, the dispersal of patas
monkeys from the LPPBC islands was a gradual process
which started in 1974 and peaked in 1981.

Currently, most of the rhesus and all patas monkeys on
mainland Puerto Rico are escapees and direct descendants
of escapees from the LPPBC. Although other research
had been done on these species on the two small islands
onwhichthey wereintentionally introduced (6,9,10,11,12,
13,6,14,15,16,17,18,19,20,21), ecological research had not
been done previously on the populations which dispersed
to the Puerto Rican mainland. This study documents the
population sizes, distribution, home range, and general
ecology of introduced rhesus and patas monkeys in
southwestern Puerto Rico.

40

Introduced Rhesus and Patas Monkeys of Puerto Rico
Gonzélez-Martinez, J

MaterialsAnd Methods

Study sites. Thestudy area(ca.125 km?) isheredefined
asthe areain which monkeys had been sighted or reported,
whereas the survey area (ca. 220 km?) is the region that
was intensively scanned in search of evidence indicative
of primate populations (Fig. 1). Primate activity occurred
mainly within the SierraBermejahills and adjacent areas.
The SierraBermejaisarange of two parallel east to west
running chains of hills 4.5 km northwest of the islands of
theLPPBC. Itisasotheoldest land massinthe Caribbean
(ca.195 MY) and is the site of numerous endemic plants
(22). The maximum elevation of the hillsis301 minthe
northern hillsand 250 minthe southern hills. Theaverage
annual temperature in the area is 25°C, ranging from a
January average of 28°C to a July average of 31°C. The
rainy season is from August through November, when 10
to 15 cm of rain per month are received. A very short
period of heavy rainsiscommon during mid-May or early
June. During the dry season, (Dec-Apr), average rainfall
per month is about 5 cm. Annual precipitation averages
86 cm throughout the basin, but is greater than 102 cm
along the northern hills of the Sierra Bermeja, and less
than 76 cm aong the southern edge (23). Rainfall decreases
in a gradient southwards towards the coast.

The vegetation in the area could be classified into four
major types: mesquite woodland, secondary scrub,
semideciduous woodland, and Clusea thickets. The
mesquite woodland areas were characterized by
continuous growth of climax trees of Prosopis juliflora,
interspersed with native Ucar (Bucida buseras), guayacan
(Guaiacum officinale), Pithecellobium dulce, Boureria
succulenta, and exotic tamarind (Tamarindus indicus),
with an understory of various grasses, shrubs, and
herbaceous plants. The dominant overstory trees in
secondary scrub areas were Bur sera simaruba, Hymanea
courbaril, Bourreria succulenta, Capparis baducca,
Leucaena leucocephala some Plumeria alba, as well as,
“Ucar”, “guayacan”, and mesqguite surrounded by adense
shrub layer. The semideciduouswoodland areas consisted
of small patches of deciduous or semideciduous trees,
mainly Bucida burseras, Tamarindusindicus, Melicoccus
bijugatus, and Mangifera indica. Clusea thickets were
characterized by dense growths of Clusea rosea trees,
Guapira fragans, and Licaria parvifolia.

Land use in the area was primarily cattle grazing, hay
production, and small produce plantings. However, the
entire area is under intense pressure for urban
development. Water is available to the monkeys from
small ephemeral streamsin ravines and from troughs and
ponds maintained for the cattle.
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M ethods

The study was conducted from May 1990 through July
1993; (specifically, mid-May to late August 1990, June
through December 1991, from April through December
1992, and from January through July 1993). Data and
observations from all months of study in all years were
combined to construct a composite year for use in
describing seasonal phenomena. Data used for the
analysesof reproductive activity were collected from April
1992 to July 1993. Thefield observationstypically began
at 0630 hrs. When themonkeys, were sighted we continued
our observations until the animals either reached their
midday resting site or until they were out of view.
Afternoon observationsusually were conducted from 1400
hrs. until dusk.

Fiften monkeys were captured (six rhesus and nine
patas) and fitted three of the rhesus monkeys and eight
patas monkeys with radio-collars. At least one focal
individual from each heterosexual social group was
captured and radio-collared. Radio-telemetry of thesefocal
individualswas used primarily asan aid in finding monkeys
in order to make visual observations aimed at collecting
information on entire social groups, their daily movements,
home range, habitat use, and population size (1, 2).

Monkeys were caught in a trap similar to a modified
Clover single-gate deer trap (24). Thetraps measured 183
X 61 X 61 cm and were baited with ripe bananas and/or
mangoes. Oncein thetrap, the monkey was coaxed into a
squeeze-cage and restrained by injecting ketamine
hydrochloride (K etaset®) intramuscularly at adose of 5.0
to 10.0 mg/kg. The typical duration of restraint was
approximately 40 min. During this time the animal was
physically examined, weighed, and fitted with aradio-collar
and released soon after he recovered from the effects of
ketamine.

The radio telemetry equipment used consisted of
battery-powered radio transmitters, a radio tracking
receiver, and two 3-element Yagi antennas - a hand-held
folding antenna and an additional antenna mounted on
theroof of afour-wheel-drive vehicle (Wildlife Materials
Inc., Carbondale, 11.). Each transmitter wasmounted on an
adjustable 25 cm nylon webbing collar with an enclosed
whip antennathat encircled theanimal’ sneck. Transmitters
and battery packswere mounted onto thermoplastic plates
curved to fit the contour of the animal’s neck. Each
transmitter was set to aunique identifying frequency. The
mounted mass of each collar was 80-100 g, with an
estimated battery lifeof 1,090to 1,163 days. Themonkeys
were followed on foot, on horseback, or by four-wheel-
drivevehicle; they werea so observed through 10X,50mm
and 20X,80mm binoculars. Indirect radio telemetry
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observations of focal animals (radio-collared individual s)
was used to locate and follow the groups to determine
abundance, home range, and dispersal of groups from
direct visual censusing of focal animalsand the other group
members. The daily travel distance of agroup consisted
of the straight-line distance between the two most remote
pointsinaday’ stravel and was cal culated from positional
data obtained by radio-tracking. At least three sample
days per month for each heterosexual patas monkey group
were used to calculate the average daily travel distance.
Distances were measured directly from United State
Geological Surgery topographical maps.

An estimate of fruit availability by weekly visits to
several locations used by the rhesus and patas monkey
groups was obtained. Use of an area was established by
radio-tracking and direct observations. I1temsof plant and
animal food wereidentified and categorized inthefollowing
categories: fruits, flowerg/buds, leaves, stems, animal
matter, and unidentified items.

For area use analyses, the home range was defined as
thearearegularly frequented by the groups. To determine
home range, the Minimum Polygon Area (MPA) method
was used (25). The MPA method joins together the
outermost points of al locations. The locations obtained
from the radio-tracking data were recorded as UTM
coordinates (26). These coordinates were based on grid
lines extended contiguously westward from the UTM
coordinate system applied to the 1982 revisions of the
USGS topographic maps for central Puerto Rico. Each
major grid square covered amap areaof 1 km? (100 ha) and
was divided into 100 1-ha squares (10 1-ha squares to a
side). For statistical analyseswe used standard parametric
and non-parametric procedures. For al statistical tests,
theaphalevel selected was 0.05.

Results

Macaca mulatta. Two populations of rhesus monkeys
were found in southwestern Puerto Rico. In the Sierra
Bermeja, two heterosexual groups and an indeterminate
number of peripheral malesweredetected. Thesizeof the
Sierra Bermejarhesus popul ation was between 65 and 85
individuals. The overall composition of this population
was approximately 49% adult females, 17% adult and
subadult males, and 34% juveniles and infants.

The SierraBermejarhesus popul ation used ahomerange
area of 3.7 km?, characterized by three different habitat
types: secondary scrub, Clusea thicket, and
semideciduouswoodland. The population density within
the home range area was 18.9 individualskm? but only
0.68 individuals’km?inthe overall study areacloseto 125
km?). The home range area of the Sierra Bermejarhesus
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population is surrounded by the home range areas of two
of the four heterosexual patas monkey groups (Fig. 2).
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Figure 2. Homerange areas of the heterosexual patas monkey
groups and the Sierra Bermejarhesus monkey popul ation. Road
numbers are circled. DNR = Department of Natural Resources
Bird Refuge; LC = Laguna CartagenaNational Wildlife Refuge;
USFWS = US Fish and Wildlife Caribbean Islands National
Wildlife Refuge.

Mating activity of the SierraBermejarhesus population
took place between November and March (Fig. 3). The
presence of newborn infants was more apparent during
the months of April through August. However, birth
activity seemed to peak during the months of June and
July. An additional rhesus population was detected in the
Cotui sector of San German, located approximately 10 km
north of SierraBermeja (Fig.
1). Thisareaischaracterized
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Figure 3. Long-term annual distribution of rainfall (1983-1993)
and reproductive activity for the SierraBermejarhesus monkey
population.

consisted of approximately 120individualswith an overall
composition of approximately 42% adult females, 16% adult
and subadult males, 29% juveniles, and 13% infants (Table
1). Also present in the areawere various solitary or lone
males and four to five bands of al-male groups. Group
sizes in the all-male bands ranged from two to seven
individuals and averaged three individuals.

The population density of patas monkeys in the study
area (125 km?) was 0.96 individuals/km? but within the
overall area used by the patas (27 km?), the population
density was4.47 individua sknm?. Homerangesizeamong
thefour heterosexual groupsvaried from 3.72 km?to 15.39
km? and overlap between the home ranges of the four

Table 1. Size and composition of patas monkey groups (1991-1993).

by limestone hlls vegetaed oo Groum  Adut | it S senie inents BOES e
population consisted of one 1991

or two heterosexual groups dl - Dec A 13-23 1-7 0-1 10-12 0-2 23-45 425 36+85
with atotal of approximately B 9-17 18 01 2-9 0-2 23-35 60 2851
40 and 45 individuals. C 9-13 17 01 39 0 15-31 23+ 6.4
Unfortunately, due to the D

rugged terrain and dense 1gg,

vegetationitwasnotpossible oy pee A 1527 17 12 814 113 3243 97  38+42
to obtain a more precise B 617 17 01 59 011 1537 345 22478
census of this population. C 10-15 12 02 6-9 0-7 23-33 1 25+47

Erythrocebus patas. Four

heterosexual groups of patas D 10-13 15 01 5-6 0-4 18-21 10 20+17
monkeyswerefoundin Sierra 1993

Bermeja and adjacent areas, 20 - A 12-18 01 916 49 31-42 265 35%40
During the course of this B 8-13 0-1 6-8 0-3 17-23 10 20+ 23
study, the size of the patas c 1015 12 01 619 07 22-39 73 28+64
population, including lone D 7-9 1 0-1 6-9 0-4 18-23 18 20+18

males and all-male bands,

42

* Time in hours with direct contact with the monkeys.
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groupswas minimal, on the order of 5% (Table 2; see Fig.
2).

The daily ranging patterns were also variable among
the four heterosexual groups. The daily distance traveled
ranged from 0.8 to 2.0 km. The difference in distance
traveled daily between the groupswas significant (ANOVA

Table 2. Home range and ranging patterns of the heterosexua patas monkey groups
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the patas monkey population was closely and predictably
linked to the distribution of rainfall (Fig. 4).

The primary food sourcesfor rhesus and patas monkeys
consisted of 23 plant speciesof 14 different plant families.
Most of the primary food items were products of native
plant species (65%) and the rest were derived from
introduced plants (35%). Most
of the primary food itemswere

fruits of trees which were

each group’shomerange. The
monkeys appear to coordinate
23.1% withgroup A and their movements primarily in
relation to the appearance of
ripe fruits and pods of

Group  Group Home Minimum Daily Range of Minimum Percent of

ID Size Range Size Travel Distance (km) Daily Travel Distance HomeRange Overlap patchily distributed within
X +sd. (ha) X £ sd. (km)

A 363115 1,539 18+15 06-94 5.8% with group B

B 233142 377 08+03 04-14 12.5% with group C

C 26.0+ 26 3% 1.7+05 09-26 11.9% with group B

D 20.0+£20 372 20+04 0.8-30

0% Tamarindus indica, Meli-

F=12.0537, p<0.00001; Kruskal-Wadllis, X?=64.2621, p<
0.00001). However, therewasno significant difference(t =
-1.0254, df = 136, P> 0.05) between the average distance
traveled daily by al groups during the rainy season (Aug-
Nov) and the average distance traveled daily during the
dry season (Dec-Jul). There was no correlation between
the average distance that the groups traveled daily and
group size or with the size of each group’s home range
(Spearman Rank Correlation, r =- 0.2, p=0.8). However,
therewas a strong positive correl ation between group size
and sizeof homerange (r_= 1, p <0.0001).

Heterosexual group size varied according to the
reproductivecycle, largely dueto recruitment and dispersal
of males. The number of adult males present in agroup at
agiven time and the observation of copulation were used
as indicators of the mating period. Male attendance in
groups increased after the short period of heavy rainsin
mid-May. The number of adult males present in
heterosexual groupswas positively correlated with average
monthly rainfall (r,= 0.52, p = 0.08) and with cumulative
total rainfal (r,= 0.62, p=0.03). During the main rainy
season (Aug-Nov), up to eight adult males could be
observed within aheterosexual group. However, after the
mating/conception period, only one or two adult males
would remain as residents in a group. In all groups the
number of adult femalesremained fairly stable throughout
the study period.

Birth activity coincided with the principal dry season
(Jan-May) and the majority of births occurred in March
andApril. Thenumber of adult malespresent inthe groups
was negatively correlated with the presence of infantsless
than 3 months old (Pearson Correlation = -0.7740, p =
0.0031). Infantslessthan 3 monthsold wereonly observed
during the principal dry season. Thus, both direct and
indirect evidence indicates that reproductive activity in
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Figure 4. Long-term annual distribution of rainfall (1983-
1993) and reproductive activity of the patas monkey
population.

indica, Prosopis juliflora, Leucaena leucocephala, and
Bourreria succulenta. In addition, some patas groups,
particularly all-male groups, occasionally raided small
agricultural plots, particularly of melons, squash, and
occasionally sweet corn.

Discussion

The rhesus and patas monkeys of southwestern Puerto
Rico are extremely shy and elusive, the average flight
distance for both species was approximately 80 meters.
However, the patas groups were more tolerant of the
presence of an observer than were the rhesus groups.
This is in sharp contrast to what has been typically
reported for rhesus monkeys in India, where a
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distinguishing characteristic of this species is its ability
to liveasacommensal with humans(27,28,29). Population
surveys of rhesus monkeys in north central India during
1959-60 and in 1990-91 showed that more than 80% of the
total population sampled lived in commensal or semi-
commensal habitats (28). In southwestern Puerto Rico,
however, the rhesus avoided contact with humans. If the
monkeys detected an observer the animals quickly
retreated to areas of dense vegetation, mainly Clusea
thickets.

During thisstudy, the SierraBermejarhesus population
was not observed to leave theimmediate area of the Sierra
Bermeja. However, it islikely that as urban development
increases in areas currently occupied by rhesus monkeys
and should their presence be tolerated by the new human
residents then the rhesus populations of southwestern
Puerto Rico may adapt to human populationsin the same
manner as rhesusin India, by increasing commensalism.

The origin of the rhesus population in the Cotui sector
of San German isuncertain. Some local residents report
that this rhesus population has been in the area for over
14 years. Some of the same people believe that anumber
of animalswas transported to this area, and subsequently
escaped. Another possibility, however, isthe emigration
from SierraBermejato the Cotui sector of San German by
means of a bamboo (Bambusa vulgaris) forest along the
banks of Quebrada de Los Llanos. Intense trapping
pressure in the Sierra Bermeja and adjacent areas during
the early to mid 1980s could have been the cause of this
migration. In addition, Vandenbergh commented on the
presence of monkeysinthisareaprior to the establishment
of the La Parguera Primate Breeding Colony in the early
1960s (personal communication). He believed that this
group of monkeys originated from a small, defunct zoo
and private ownersinthearea. Currently, thispopulation
has been intensively trapped to supply theillega pet trade
throughout Puerto Rico and the animal s have become very
shy and elusive.

Although patas monkeys generally have not been
considered a territorial species, their behavior in
southwestern Puerto Rico would indicate otherwise. One
could speculate that a pronounced territorial pattern of
behavior has developed in the Puerto Rico patas
popul ation because the immediate environment contains
arelatively abundant supply of food, thereby eliminating
the need to range over large areas. The smaller home
range areasin Puerto Rico, with their richer food resources,
are defended from other conspecific social groups.

Many behavioral features observed during this study
are similar to those reported (30,31,32) in Uganda,
Cameroon, and Kenya, respectively. The role of the
resident adult malein the southwestern Puerto Rico groups
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was generally similar to that reported for the Kenya and
Cameroon groups, i.e., socialy and spatialy peripheral
during the non-mating period, but actively aggressiveand
defensive during the mating period.

The number of individuals in the heterosexual patas
groups in southwestern Puerto Rico were similar to those
reported in Uganda and Cameroon. 1n Uganda, Hall (30)
reported that group sizesranged from nineto 31 individuals
and averaged 15. In Cameroon, group sizes ranged from
seven to 34 individuals and averaged 21 (31). In Kenya,
Chism and Rowell (32) observed groupsaveraginginsize
from 13 to 61 individuals. In southwestern Puerto Rico,
heterosexual group sizesranged from 20to 38 individuals
with an average of approximately 26 individuals.

A common characteristicin al African countrieswhere
patas monkeys have been studied is their low population
density. In Puerto Rico, within the combined home range
area (the area the groups regularly used) of 27 km?, the
density of the patas monkey population consisted of 4.47
individual gkn?, the highest ever reported for any patas
population. However, when the population density is
analyzed asafunction of the size of the overall study area
(the entire area in which reports or sightings had ever
occurred) of 125 km?, the density of the Puerto Rican
population (0.96 individuals’km?) is comparable to
population densitiesin Africa.

The breeding group structure of patas monkeys has
typically been portrayed as including just a single male,
white others erroneously mention patas monkeys as a
classic example of a harem polygynous mating system.
However, in Kenya (33,34), in Cameroon (35) and in
southwestern Puerto Rico, heterosexual groups contained
one or two resident adult or subadult males during the
non-mating period, but multiple males were observed to
mate in the groups during the mating period. In both
Africaand in southwestern Puerto Rico, patas are seasonal
breeders with birth periods during the dry season.

In general, rhesus and patas monkeys tended to avoid
each other. Although the rhesus home range was
surrounded by the home ranges of two heterosexual patas
groups, they used habitat differently and seldom
encountered one another. Patas monkeys were never
observed to enter areas of Clusea thickets, a preferred
rhesus monkey habitat type (1). However, during fruiting
periods of commonly used food items, the typical pattern
was one of exploitation competition. This type of
competition arises from competitors using up part of a
common resource without directly meeting (36). Feeding
activity between rhesus and patas monkeys seldom
occurred simultaneoudly. In shared feeding areas, patas
foraged early in the morning whereas rhesus usually
descended from the high ravines to the lower slopes to
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forage during late morning or in the afternoon. When the
two species coincided at an area, the rhesus always
displaced the patas (N =10).

In other locations where they have been introduced,
species of Cercopithecidae are known for their ability to
survive and even thrive in their new homes. Examples
include long-tailed macaques (Macaca fascicularis) on
the island of Mauritius, Barbary macaques (Macaca
sylvanus) at Gibraltar, vervet (Cercopithecus aethiops)
and mona monkeys (Cercopithecus mona) in the
Caribbean (37,38,39,40,41). At thetime of thisstudy, the
introduced rhesus and patas monkey populations of
southwestern Puerto Rico did not pose extensive ecol ogical
problems either of crop depredations or impact on native
biota. Both species, however, have the potential for such
harmful effectsif their numbers or rangeswereto increase
substantially. It may be too late for fully successful
eradication options because these populations have
become sowell established inrelatively inaccessibleareas
on privately owned lands. Thelong-term effectsthat these
introduced primate populations may have in Puerto Rico
are yet to be seen.

Conclusions

The numbers of free-ranging rhesus and patas monkeys
in southwestern Puerto Rico are less than expected. At
the time of this study, the total number of both species of
monkeys in the Sierra Bermeja and adjacent areas was
approximately 200 individuals.

The primary area used by the monkeys measured 27
km? including the SierraBermejaand adjacent areas.

There were two populations of rhesus monkeys in
southwestern Puerto Rico. The SierraBermejapopulation
of approximately 65 to 85 monkeys, consisted of two
heterosexual groups and an undetermined number of
peripheral males. The Cotui rhesus population was
approximately 40 to 45 individual swithin two heterosexual
groups.

The home range area of the Sierra Bermeja rhesus
population consisted of densely vegetated areas, mainly
Clusea thickets, within the steep ravines of the northern
hillsof the SierraBermeja. The population density within
thisarea (3.7 km?) was close to 18.9 rhesus monkeyskm?,
but only 0.68 individual skm? in the total study area (125
krmp).

The patas monkey population consisted of
approximately 120 individuals within four heterosexual
groups and several all-male bands. Group sizes ranged
from 20to 38 and averaged 26 individuals.

The population density of patas monkeys in the study
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area (125 km?) was 0.96 individuals/km?, but 4.47
individual skm?within their homerange areas (27 knv).

At the population levels observed during this study,
the introduced rhesus and patas monkey populations of
southwestern Puerto Rico did not present extensive
ecological problems either of crop depredations or the
impact on native biota. Both species, however, have the
potential for such harmful effectsif their numbersor ranges
were to increase substantially.

Acknowledgement

This study was supported in part by a Compton
Foundation Student Research Fellowship in Conservation
and Sustainable Development, a Caribbean Primate
Research Center Fellowship of University of Puerto Rico,
Medical Sciences Campus and USPH contract grant
number RR-03640.

References

. Gonzélez-Martinez, J. The ecology of the introduced free-
ranging patas and rhesus monkeys of southwestern Puerto Rico.
(Dissertation) University of Colorado; 1995.

. Gonzdlez-Martinez, J. The ecology of the introduced Patas
monkey (Erythrocebus patas) population of southwestern
Puerto Rico. Am J Primato 1998;45:351-365.

. Vandenbergh JG. The La Parguera, Puerto Rico colony
establishment and early studies. P R Health Sc J 1989;8:117-
119.

. Kerber WT, Herbert HJ, Vickers JH. Establishing a free-ranging
breeding colony of rhesus monkeys. J Med Primaatol
1979;8:129-142.

. Phoebus, E.C. The FDA rhesus breeding colony at La Parguera,

Puerto Rico. P R Health Sci J 1989;8:157-158.

Loy J. Changes in facia color associated with pregnancy in

patas monkeys. Folia Primatol 1974;22:251-257.

Kessler MJ, Phoebus EC, Rawlins RG, Turnquist JE, London

WT. Blood values of free-ranging patas monkeys (Erythrocebus

patas). J Med Primatol 1983;12:209-217.

Loy, J. Studies of free-ranging and corralled patas monkeys at

La Parguera, PR. P RI Health Sci J 1989;8:129-131.

. Turnquist JE. Influence of age, sex, and caging on joint mobility

in the patas monkey (Erythrocebus patas). Am J Phys Antropol

1983;61:211-220.

Vandenbergh JG The development of social structure in free-

ranging rhesus monkeys. Behaviour 1967;29:179-194.

Vandenbergh JG, Vessey S. Seasonal breeding of free-ranging

rhesus monkeys and related ecological factors. J Reprod Fert

1968;15:71-79.

Vessey SH. Interactions between free-ranging groups of rhesus

monkeys. Folia Primatol 1968;8:228-239.

Drickamer LC. A ten-year summary of reproductive data for

free-ranging Macaca mulatta. Folia PRIMATOL 1974;21:61-

80.

Loy J. The copulatory behaviour of adult male patas monkeys,

Erythrocebus patas. J Reprod Fert 1975;45:193-195.

Loy J, Loy KM. Sexual harassment among captive patas

monkeys (Erythrocebus patas). PRIMATES 1977;18:691-699.

10.

11.

12.

13.

14.

15.



PRHSJVol. 23 No. 1
March, 2004

16.Loy KM, Loy J. Sexua differences in early social development
among captive patas monkeys. In: Comparative Behavior
African Monkeys. Zucker E L editor. Alan R. Liss, New York:
1987;p.23-37.

17.Kaplan JR. Zucker EL. Social organization in a group of free-
ranging patas monkeys. Folia Primatol 1980;34:196-213.

18.Turnquist JE. Passive joint mobility in patas monkeys
(Erythrocebus patas): rehabilitation of caged animals after
release into a free-ranging environment. Am J Phys Anthropol
1985;67:1-5.

19.Zucker EL. Interspecies interactions between free-ranging patas
(Erythrocebus patas) and rhesus (Macaca mulatta) monkeys.
In: Comparative Behavior of African Monkeys. E. L. Zucker,
editor. Alan R. Liss, New York: 1987. p.99-125.

20.Zucker EL. Social status and the distribution of social behavior
by adult female patas monkeys: a comparative perspective. In:
Comparative Behavior of African Monkeys. E L Zucker, editor.
Alan R. Liss, New York:1987.p.151-173.

21.Zucker EL. Initiation of feeding by provisioned patas monkeys:
evidence for the protection hypothesis. Int J Primatol
1989;10:93-102.

22.Montgomery H, Pessagno Jr, EA, Pindell JL. A 195 ma terrane
in a 165 ma sea: pacific origin of the Caribbean plate. GSA
Today 1994;4:1-6.

23.Anderson HR. Ground Water in the Lajas Valley, Puerto Rico.
U.S. Geologica Survey, water-resources investigations: 1977;76-
68.

24 .Clover, MR Single-gate deer trap. Cdlifornia Fish and Game.
1956;42:199-201.

25.White GC, Garrott RA. Analisis of Radio-Tracking Data. San
Diego Academic Press; 1990.

26.U.S. Army. Universal transverse mercator grid. Department
Army Technical Manual 1973;5-241-8:1-64.

27.Southwick CH, Beg MA, Siddiqui MR. Rhesus monkeys in

North India. In: DeVore |, editor. Primate Behavior: Field Studies

Mokeys and Apes. New York: Holt, Rinehart and Winston;

1965. p.111-159.

Southwick CH, Siddigi MF. Population status of nonhuman

primates in Asia, with emphasis on rhesus macaques in India. A

J Primatol 1994;34:51-59.

28.

Introduced Rhesus and Patas Monkeys of Puerto Rico
Gonzélez-Martinez, J

29. Southwick, C.H.; Siddigi, M.F. Primate commensalism: the rhesus

monkey in India. Revue D’ Ecologie 49:223-231,1994.

Hall, KR. Behaviour and ecology of the wild patas monkey,

Erythrocebus patas, in Uganda. In: Jay PC, editor. Primates:

Studies Adaptation Variability. New York: Holt, Rinehart, and

Winston; 1965.p.32-119.

31.Struhsaker TT, Gartlan SJ. Observations on the behaviour and
ecology of the Patas monkey (Erythrocebus patas) in the
Waza Reserve, Cameroon. Journal Zool 1970;161:49-63.

32.Chism, J, Rowell TE, Olson D. Life history patterns of female

patas monkeys. In:  Small MF, editor. Female Primates: Studies

by Women Primatologists. New York: Alan R. Liss; 1984;p.

175-190.

Harding RSO, Olson DK. Patterns of mating among male patas

monkeys (Erythrocebus patas) in Kenya. A J PRIMATOL

1986;11:343-358.

34.Chism J, Rowell TE. The natura history of patas monkeys. In:
A Primate Radiation: Evolutionary Biology of the African
Guenons. Gautier-Hion A, editor. New York: Cambridge
University Press; 1988; p. 412-438.

35.0hsawa H, Inoue M Takenaka O. Mating strategy and

reproductive success of male patas monkeys (Erythrocebus

patas). Primates 1993;34:533-544.

Pianka, ER. Evolutionary Ecology. New York: Harper and

Row; 1974.

37.Sussman RW, Tattersall |. Distribution, attendance, and putative

ecological strategy of Macaca fascicularis on the island of

Mauritius, southwestern Indian Ocean. Folia Primatologica

1986;46:28-43.

Fa JE. Use of time and resources by provisioned troops of

monkeys: social behaviour, time and energy in the Barbary

macague (Macaca sylvanus L.) at Gibraltar. In: Contributions

to primatology. 23; Basel: S. Karger. 1986.

Denham WW. West Indian Green Monkeys: problems, historical

biogeography. New York: S. Karger. 1987.

Horrocks JA. Life history characteristics of a wild population

of vervets (Cercopithecus aethiops sabeus) in Barbados, West

Indies. | J Primatol 1986;7:31-47.

Lippold LK. Mona monkeys of Grenada. Primate Conserv

1989;10:22-23.

30.

33.

36.

38.

39.

40.

41.

46




