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Feeding and General Activity Patterns of a Howler Monkey
(Alouatta palliata) Troop Living in a Forest Fragment at
Los Tuxtlas, Mexico

ALEJANDRO ESTRADA®, SAUL JUAN-SOLANO, TERESITA ORT{Z MARTINEZ anp
ROSAMOND COATES-ESTRADA

Estacidn de Riologla "Los Tuxtias,” Institute de Biologia, Universidad Nacionel Avidnema
de México, San Andrés Tuxtla, Vergeruz, México

The feeding behaviov and general activity patterns of & howler monkey
troop hiving in a 3.6 ha forest fragment were studied at Los Tuxtlas,
Mexico, for an annual cycie. Monthly samples of their feeding behavior
indicated that they used 52 species of 24 plant families as sources of
food. Qf these, 67% were trees, which accounted for 96% of total feeding
time racorded. Ten species of Moraceae, Cecropiacese, Anacrdiacese, and
Sapotaceae contributed to 70% of the trees used and to almost 90% of
feeding time. The number of plant species used per monthily record vay-
ied from 7 to 31 with an average of 19.9 species. Young leaves and ripe
fruit were the principal items in the monthly diet of howlers and aver.
age percent of time spent consuming these plant parts was 46.7% and
34.8%, respectively. The use of tree species was found to be associated to
their importance value and to their pattern of spatial dispersal in the
study site. Availability of young leaves was fairly constant from month
to month, but it presented a seasonal pattern, and there was a signifi.
cantly lower number of tree species bearing ripe fruit through the year
with brief pulses of production. The monthly activity pattern was found
1o be related lo varistions in the availability of young leaves and ripe
fruit as well as to the values of the intermonthly overlap in plant species
used. Resting and feeding presented a bimodal paitern of occurrence
throughout the day that seemed {o be related to variations in maximum
ambien: temperatures, Results are discussed in light of the small size
and shape of the forest fragment inhabited by the howler troop. Am. 4.
Primatel. 48:167-183, 1999,  © 1998 Wiley-Liss, Ine.
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INFRODUCTION

In southern Maxico representatives of the genus Alouatta (A. patliaia) have
not escaped the negative consequences of human-induced extensive conversion of
sheir natural habitats to pastures and other agrosystems, and the species has
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become extinct in many localities and in many others remnant populations exist
in a fragmented and isolated condition that puts them at risk [Estrada & Coates-
Estrada, 1996). Our knowledge of the behavior and ecology of Alouatia existing
under conditions of habitat fragmentation and isolation is atill scarce [see Kinzey,
1987). Specificaily, we lack more information on variations in time and space on
the use of food resources by isolated segments of the original population of howler
monkeys for the same localities and regions [Bicca-Marques, 19931; Galetti et al.,
1994, Benitez-Rodriguez et al., 1993). .

Anthropogenic dasturbanc& of natural habitat such as reduct:on in area and
1solation should have an important effect on Alougita's general activity patterns
and observed variations in these may represent adjustments made by howler
monkeys in the assignments they make of time and energy to vital activities
such as growth, maintenance, and reproduction, but until now little information
is available in the literature on such effects [Garcia Chxarello, 1993 Bicea-Marques
& Calegaro- Marquea, 19944a,b).

With the aim of contributing to the void of information on the feeding behav-
ior and general activity patterns of howler monkeys living in habitat islands we
conducted a field investigation of a howler monkey treop (Alouatia polliaia) ex.
isting in a small isolated forest fragment in the region of Los Tuxtlas, Mexico. In
this paper we describe for a year-long peried the feeding preferences and general
activity patterns of this troop,

PRI P

METHODS oo

Field work was conducted at Los Tuxtlas {95°00" W, 18°25 in southern
Veracruz, Mexico, where lowland tropical rain forest vegetation re;&es its north.
ernmost geographic distribution in this continent, As a result of human activity
during the last 50 vears, current lowland rain forest consists of archipelagos of
forest fragments that vary in size, yvears of isolation, and isolating distance
ffgtrada & Coates-Estrada, 1996}, Mean annual rainfall is 4,900 mm with &
drier season (mean = 112; 8D % 11.7 mm per month) from March to May and a
wetter season (mean = 486; 5D + 870 mm per month) from June to February
and mean annual temperature is 27°C; elevation ranges from ses level to 1,600
m above sea level {Estrada et al., 1985]. The study site was located in the north-
eastern section of the region and it consisted of a forest fragment 3.6 ha in size,
at 20 m sbove sea level, elongated in shape with a maximum length of 750 m
and with an average width of 50 m, conforming the vegetation on each side of a
permanent stream. This forest {ragment was igolated from contiguous forest about
20 years earlier and it was surrounded by pastures. The nearest forest fragment
to the study site was 1.5 km away (Fig. 1),

Study Troop

The site was inhabited by'a troop of howler monkeys compose& of two adult
males, two adult females, two infants, and one juvenile, Mean weights for the age
and sex classes represented in the troop were obtained from the literature {Estrada,
1982] and total biomass of howlers at the study site, calculated by summing the
estimated weights of the individuals in the troop, was 31 kg (8.7 kg per hectare).

Behavioral Observations

The feeding behavior and general activity of the troop was observed during
10 days of each month between January and December 1995, Two observers
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. Pig, 1. Location of forest fragment inhabited by the study troop. Maximum length, 756 m; average width,

48.9 m; and about 3.6 be. lsolsted from other forest fraﬂme_nu and surrcunded by pastures.

{8.4.8,, T.J.0.M.) carried out focal samples of I hr duration of each individual in
the troop in each day. A 3 month-long pilot study conducted before the start of
the study period reporied here permitted familiarization with the study site and
howler troop as well a3 refining observation protocels and testing interobserver
reliability. Vho order in whicls individuals were observed each day was chosen at
random and an offort was mado to balance the number of minutes of observation
on each aninird iy each month. Natural markings {scars, patches of blond hair
and pattern ol skin pigmentation in the souls of hands and feet) in each indi-
vidunl permitied precise identification of each monkey in the troop.

QObaervations started at 0600 and ended at 1800 hr. In each focal sample we
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recorded the time spent by the individual monkey in each of five general activi-
ties: resting, feeding, locomotion, social interactions, and travel (synchronous mo-
bilization of the troop away from the tree or group of trees to another arvea within
the forest {ragment). Resulting data for each activity were exprossed as percent
of total time recorded in all activities or as number of minutes per focg! hour of
observation [Judan, 1997; Ortiz-Martinez, 1997}

In the case of feeding we recorded the life form exploited, the part of the plant
consumed and its state of maturity (young or ripe). All trees used by the howlers as
a source of food were marked and their relative position indicated in a map to scale.
Shanon's diversity index (H} waa caleulated to assess the monthly diversity in the
diet and Sorensen’s index was calculated to measure the overlap between adjacent
months (range 0-1,0} in the use of plant species [Ludwing & Reynoids, 1988].

Maximum and minimum temperature were recorded at the study site in each
day of observation. Thres readings were made of a max and min thermometer sach
day at 0600, 1200, and 1800 hr and an average was calculated for the day. Total
monthly precipitation was obtained from weather monitoring equipment at the field
station “Los Tuxtias" for the study period reported hers (’Z‘able D.

Census of Trees

At the study site we cenaused all trees > 25 cm in dbh. These wore :dentxﬁed
to species and their maximum height and dbh recorded. For each species idonti-
fied we calculated a dominance index (D) that incorporates into a single mea-
sure of importance the denaity, the relative frequency and the basaj aren of each
species [Martinez-Ramos, 1980]. Values approaching zero indicate low dominance.
The resulting dominance values were classified into four classes: very low (DI <
1}, low (I} 2110, regular (Bl 2 10g 20}, and high (D > 20). To pstimate the
pattern of spatial dispersal of tree species used by howlers as sourqes of food we
divided the study site into 50 x 50 m qudrats and calculated Mogisita's index
[Brower & Zar, 1981}, where values of zero indicate a uniform pattern, of one a
random distribution and greater than one an uggregated distributiop.

Phenology of Leaves and Fruit

Presence of k“'you ng and mature leaves and fruits wore recorded gt fortnightly
intervals during the 12 month period on 181 trees of 55 species at tbe study site.

TABLE 1. Mean Monthly Temperature and Rainl‘a!i Records at the Study Site for the
Period Jan-Dec 1988

Temperature Rainfail
Month Min Mean Max mm
d 16.5 20.2 36.3 188
F 14.0 22.1 3.5 87.1
M 5.5 . 24.2 B ... . - 118
A 196 26,2 - 888 C 85
M 20.5 . 30,0 89,0 280,56
4 21.5 217 38.5- L ) 851.3
4 20.5 28.1 . 360 - 423.7
A 21.0 36.7 : 340 o 3324
8 21.0 258 820 . S 4805
O 180 281 34.0 208.7
N 14.0 23.3 R . 3081
I 16.5 22.3 32.56 68.8
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. 'These data werc expressed as percent of species and trees bearing the plant part
- of interest,

- RESULTS
General Aspecis

During the 12 month-long study peried wg accumulated 2,387 hr of focal
samples on the members of the treop and an average of 196 hr of foeal observa-
tion hours were compicied in each 10 day period each month, Observations of
feeding behavior indicoted that during the study period the howlers used 52 spe-
ciss of planis (24 plant families) ag sourcves of food.~Of these, 67% were trees (n =
181 trees) whose use by the howlers accounted for 96% of the total feeding time
recorded. Vines accounted for 29% and . one species of epiphyte and one
hemiparasite each represented 4% of plant species used (Fable 11).

The howlers of the study troop spent 96% of the recorded feeding time con-
suming leaves and fruits of standing and hemiepiphytic trees, 3% was spent con-
suming the leaves of vines, and 1% those of hemiparasitic plants and epiphytes.
The trees used as source of food had an average height of 19 m {(£4.2; range 830
) and an average dbh of 0.60 m (£0.4; range 0.2-2.3 m). Percent of feeding time
per species and the number of trees used per species were positively corvelated
{rs = 0.74; P « 3.0001, M = 35},

Ten species of planis coniributed to 70% of the trees used as source of food
and accounted for almrost 80% of total feeding time recorded. These species e
ionged to the [ Toraceas (soven species), Cecropiucene {one species), Anacardiaceae
(one species), «nd the Sapotaceae (one species) plant families. Four species of
Moraceas (Ficuz tecolutensis, Brosimum alicastrum, Pulsenia armata, Ficus
yoponensis) accounted for 62% of feeding time, The howlers used 51 trees of the
species Cecropla obtusifolia which accounted for 8.5% of total feeding time re-

. gorded (Table 11}

. Monthly Variation In Feeding

The number of plant apecies used by the howlers as source of food in each
month ranged from 7 in July to 31 in December, with an average of 19.9 species
used per monthily sample, However accumulatiofi of new species in the monthly
diet was very low after the first month of records with 22 species; the remaining
30 species were accumulsted in the remaining 11 months (Fig. 2). The number of
trees used as sources of food per month ranged from 19 in July to 68 in Becem-
ber, with an average of 43.8 trees per monthly record. The average monthly value
of the diversity index H’ in the diet of the study troop was 1.1 (£ 0.17), with the
lowest recorded value in July (H' = {.7) and the highest in December (H = 1.4)
(Fig. 3).

Seventeen porcent of food species were ugad Dy howlers in 2 9 £ 12 months,
5% in 256 £ 8 months and 58% inz 1 £ 4 months. Speciea such as Brosimum
alicastrum, Creropia obtusifolia, Ficus tecolulensis, F. yoponensis, Poulsenia
armata, Spondias mombin and F. insipida were used as sources of food 1012
months of the year (Table 11). The number of months of use of each species was
correlated with percent of feeding time per apecies {rs » (.85; P < 0.0001; N =
623, The intermonthly index of similarity (Sorensen’s Index) in species used var-

_ied from 0.41 (July~August) to .73 (June—July) with an intermonthly average of
0.60 £ 0.17) (Fig. 4). .
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These data were expressed as percent of apecies and trees bearing the plant part
- of interest.

. RESULYTS
* General Aspects

During the 12 moenth-long study period 'we sccumulated 2,357 hr of focal
samples on the members of the troep and an average of 196 hr of focal observa-
tion hours were completed in each 10 day period each month, Observations of
feeding behavior indicated that during the study period the howlers used 52 ape-
cies of plants (24 plant familics) as sources of food, Of these, 67% were trees (n =
181 trees) whose use by the howlers accounted for 96% of the total feeding time
recorded. Vines accounted for 29% and one species of epiphyte and one
hemiparasite each represented 4% of plant species used (Table II).

The howlers of the study troop spent 96% of the recorded feeding time con-
suming leaves and fruits of standing and hemiepiphytic trees, 3% was spent con-
suming the leaves of vines, and 1% those of hemiparasitic plants and epiphytes.
The trees used as source of food had an average height of 19 m (£4.2; range 9-30
m) and an avergge dbh of 0.60 m (£0.4; range 0.2-2.3 m), Percent of {eeding time
per species and the number of trees used per species were positively correlated
(rs = 0.74; P < 0.0001, N= 35).

Ten species of plants contributed to 70% of the trecs used as source of food
and accounted for nlmost 90% of total feeding time recorded. These species be-
longed to the Moraceae (seven species), Cecropiaceae {one species), Anacardiaceae
{one specics), and the Sapotaceae (one species) plant {families. Four species of
Moracene (Ficus lecolutensis, Brosimum alicastrum, Pulsenia armaila, Ficus
yoponensis) accounted for 62% of feeding time. The howlers used 51 trees of the
species Cecropia obtusifolia which accounted for 8.5% of total feeding time re-
" corded (Table II).

Mbnthly Variation in Feeding

- The mumber of plant species used by the howlers as source of food in each
month ranged from 7 in July to 31 in December, with an average of 19.9 species
used per monthly sample. However accumulation of new species in the monthiy
diet was very low after the first month of records with 22 species; the remaining
30 apecies were accumulated in the remaining 11 months (Fig. 2). The number of
trees used as sources of food per month ranged from 18 in July to 63 in Decem-
ber, with an average of 43.8 trees per monthly record. The average monthiy value
of the diversity index H’ in the diet of the study troop was 1.1 (¢ 0.17), with the
Jowest recorded value in July (H' = 0.7) and the highest in December (H = 1.4)
(Fig. 3).

Seventeen percent of food species were used by howlers in 2 9 £ 12 months,
B% in 25 < B months and 58% in2 1 £ 4 months, Species such as Brosgimum
alicastrum, Cecropiu oblusifolia, Ficus tecolutensis, F. yoponensis, Poulsenia
armata, Spondias mombin and F. insipida were used as sources of food 10-12
months of the year (Table II). The number of months of use of each apecies was
correlated with percent of feeding time per species (rs = 0.85; P < 6.0001; N =
52). The intermonthly index of similarity (Sorensen’s Index) in species used var-
jed from 0.41 (July-August) to 0.73 (June-July) with an intermonthly average of

80 (4 0.17) (Fig. 4).



TABLE IL List of Plant Species Used by Howler Monkeys as Sources of Food During the 12 Month-Long Study Period

Dominance Number
Life % feed Index Morsita’s of months Individuals

Species Family form" Individuals time DI index used at site
Ficus tecolutensis Moraceae T 8 32.1 322 05 12 17
Brosimum alicastrum Motraceae T 17 108 116.5 1.2 12 35
Poulsenia armate Moraceae £y 12 10.5 44.0 3.0 i1 29
Ficus yoponensis Moraceae T T 8.0 1890 43 12 12
Ceeropia obtusifolia Cecropiaceze T EY | B5 1264 1.6 12 149
Ficus jimenezii Moracese T 1 4.3 {7 ] 0.0 5 i
Ficus obtusifolia Moracese T 4 36 L6 0.6 5 9
Spondias radlkoferi Anacardiacese T 1l ar  p24 038 19 30
Diphotis minutiflora Sapotaceae T 6 26 i24 10 7 13
Pseudolmedia oxyphyllaria Moraceae T 11 24 2% 0.9 T 28
Ficus insipida Maraceceae T 9 23 328 1.7 10 24
Ficus colubringe Moraceae T 2 1.7 1.0 15.0 2 5
Pterocarpus rohrii Fabaceae T 3 1.1 0.8 58 2 8
Ingasp. 1 Mimoesaceae T 4 1.0 0.7 00 7 10
Ficus padifolia Moraceae T 1 0.7 0.0 4.0 4 2
Albizia purpusii Mimosaceae T 5 0.7 0.6 4.5 9 11
Ficussp. 1 Moraceae T 1 0.6 0.8 4.6 4 2
Machaerium sp. Fahaceae Vv 1 0.8 4

Ficus pelenensis Moraceae T 2 0.6 8.1 0.0 8 4
Abuta panamensis Menispermaceae v ] 6.5 9
Callichlomys latifolia Bignoniaceae v 2 0.4 8

Cordia alliodora Boraginaceae T 2 04 8.1 0.0 3 5
Mascagnia vacciniifolia Malpichiaceae v 5 04 8

Lycianthes purpusis Solanacese v 1 - 0.3 5
Psittachanthus colyculatus fLoranthaceae H 3 0.3 4

Monstera tuberculata < Araceae v 3 ‘8.2 7

Fieussp. 2 Moraceae T 2 6.2 0.2 0.0 6 4
Cynemetra retusy Caesalpiniaceae T 3 0.2 40 0.0 3 g
Cordia stenociada Boraginaceae T s 02 0.4 0.0 2 13
Cordia stellifera Boraginaceae T 2 a1 0.1 16.0 1 5



Strut} eh F' X «

v R S % 5
Monstera gcuminata - Aracesze v -7 5 1 e 4
Poullinia pinngta - Sapindaceae v 4 R | % 2 2 :
Nectandra ambigens Lauraceae T t I 0.1 0.1 6.0 1 3
Ingasp. 2 Mimosaceas v 1 0.1 3
Trichostigma octundrum Phytolaccacese v 2 6.05 5
Serjanio mezicona Sapindaceae v 3 0.04 _ 1
Species 2 ? T 1 8.04 0.00 6.00 i 3
Machaerium cobanense Fabacease v 1 0.03 3
Mortoniodendron guatemalense Tiliaceae T 1 4.03 0.40 4.00 2 3
Species 1 ?- T I 0.03 8.00 0.00 i 3
Species 3 ? T 5 4.03 000 8.00 2 2
Tetrorchidivm rotundotum Euphorbiaceae T 1 0.02 2.40 0.0 )| 25
Zunthoxyllum ketlermanit Rutaceae T 1 8.02 0.61 00 2 2
Species § . ks v 1 0.02 1
Columnea purpusii {g} Gesneriaceae E 1 0.0 1
Species 4 k4 v 1 0.01 1
Quararibea funebris Bombaccaceae T 3 0002 37 0.6 2 14
Croton schiedeanus Euphorbiaceae ¥y 1 0.001 27 00 1 13
Dendropanax arborens Araliaceae T 2 00006 12 00 1 16
Bursera simaruba Burseraceae T 1 8.0001 00003 GO 1 25
Pithecellobium arboreum Mimocsaceae T i 00001 0.1 0.0 1 2

Y T

. e

R

3

*Life form: T, tree; ¥, vine; H, hemiparasite; B, epiphyte.
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Fig. 2. Number of new species in monthly records in the diet of the study troop. Note that in the first
month we recorded 22 new species but that on average only 2.7 new species were edded sach month.

Leaves and fruit were consumed by howlers year round, but there were
monthly variations in percent of feeding time recorded for each plant part. In the
case of young leaves, it varied from 13.2% in February to 79.3% in November.
For mature fruits it varied from 0.3% in danuary to 68.6% in August There were
some months of the year {February, April, June, and August-Ociober) when howl.
ers spent more time consuming ripe fruits than young leaves. The abrupt change
in diet from January to February was the result of one of the largest strangler
figs (Ficus tecolutensis) st the site bearing ripe fruit (Table ). The oversll
monthly average percent of time spent consuming young leaves was 46.7%, while
that of ripe fruit was 34.8%. Monthly records indicated that howlers conasistently
displayed a preference from month to month for young over mature leaves (Table
11}, Ripe fru_ig,__ccnaumption was also predominant except in two months of the
year {(January and March) when percent of time recorded eating ripe fruit was at
its lowest levels. Consumption of flowers and of “other” items (bark, undeter.
mined)} had the lowest averages of recorded feeding time, 0.7% for the former
and 4.3% for the latter (Table III).

Quantitative Features of Vegetation

The census of the vegetation at the study site indicated the presence of 536
trees of the species used by howlers as sources of food. Among these the domi-
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Fig. 3. Monthly values for the diversity index (H") in the use of plani species as sources of food by the
study troep. Shown also sre the monthiy velues for Sorensen’s index of intermonthly over fap (0-1.0) in the
use of food species and the mean monthiy distance traveled by the atudy troop.

nance index (DI ranged from 0.002 (Ficus padifolia) to 120.4 (Cecropia obtusifolia)
and only 8% of the species presented high DI values (> 50}, 13% regular (> 20 <
50), 29% low (> 1 < 20), and 52% very low {< 1). Two species (B. alicastrum and
C. obtusifolia) stand out because they had B{ values > 100 in this segment of the
plant community (Table IT). Tree apecies DI was significantly correlated with the
number of months each species was used by howler monkeys (rs = 0.54; < P«
0.0001) and with percent of feeding time per species (ra = 0.47; P < 0.05).

Calculation of Morisita’s index indicated that 63% of the tree species used by
howler monkeys presented & uniform patiern of spatial dispersal: 26% aggre-
gated and 11% random (Table II), Tree species that presenied a random pattern
contributed to 61% of the feeding time recorded, those with an aggregated pat-
tern contributed 29%, and those with a uniform pattern accounted for 10%. Per.
cent of feeding time per species was found to be positively correlated with the
values of Morisita's index for each of the species used by howlers (rs = 0.59; P <
~ 0.0001, n = 36). No association existed between speczes DI and Morisita's index
- of spatial dispersion {rs = 0.21; P=0.10, n = 53).

Phenology of Leaves and Fruit

Phenological records on trees of 85 species at the study site indicated pres-
ence of young leaves year-round (average number of species per month = 44.0,
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range 30-51) but with a greater number of species displaying synchrony between" '
April and August (average 49.0, range 45-51). In contrast to young leaves, sig-
nificantly lower numbers of tree species were recorded in each month with pres-
ence of ripe fruit (average per month = 7.6 range 5-12) and records indicated
presence of brief pulses of production throughout the year in the number of tree
species bearing ripe fruit (Fig. 4).

General Activity Patterns

Resting accounted for 80% of the tzme recorded for the five general activities
and it occurred at & rate of 47.8 min per hr of observation. Feeding accounted for
17% (10.3 min x hr). Locomotion, social interactions and travel accounted for the
remaining 3% of the recorded time (Table IV). The diurnal activity pattern indi.

60 —
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Fig. 4. Leal, fruit, and flower phenoclogy of 56 troa species (181 trees) at the study site for the 12 month
study period. Note the higher synchrony among tree species in production of new leaves between Aprii nnd
August and the pattern of brief pulses in flower and fruit availability.




Howler Monkey Fee(iing at Forest Fragmont 7 177

TABLE IIL. Monthly Percent of Feeding Timo Spent by the Howlera on Each
Plant Part

Young Mature Young Mature
Month leaves jeaves fruit fruit Fiowers Qther*
% % % % % %
4 86.3 6.6 11.0 0.3 L.i 6.7
¥ 13.2 4.0 7.4 B 3. SR 1.6 2.8
. M 7%.8 1.28 3.1 3.6 - 0.5 28
A 311 0.0 11.8 4707 00 10.0
LM 44,3 8.0 2.0 40.1 3.4 1.3
S 330 8.7 0.8 55.7 0.2 0.8
¥ g 81.4 5.4 10.9 21.6 0.75 0.0
A 24.8 4.1 0.4 69.6 6.0 1.8
.. 8 23.8 9.1 16.1° 51.8 0.7 4.6
0 32.4 18.8 0.5 42.5 0.8 5.7
. N . 79.8 1.2 1.0 12.1 0.1 8.4
i 78.8 8.2 0.8 1.8 0.1 10.5
Average 46.7 7.8 5.8 34.8 0.7 4.9
SEx G.8 1.5 1.5 7.5 0.3 1.0
Min 13.2 0.6 0.4 0.3 0.0 0.0
i Max 78.3 18.3 13.1 T1.6 3.4 10.56

s *Othar" refers (0 bark and undetermined items,

cated a himodal pattern for activities such as resting and feeding, with high
levels for the latter early in the morning and afterncon. The other three activi-
ties displayed their major levels toward the afterncon (Fig. 5). The activity rest.
ing was positively correlated with mean monthly maximum temperature (rs =
0.74; P < 0.08) and it had its highest rate (83 min x hr} in May when mean
maximum temperature was 38°C. In contrast, percent of time spent in activities
such as locomotion and feeding were negatively associated to mean monthly maxi-
mum temperature {rs = . 0,67, P < 0.05 and rs = - 0.82; ¥ < 0.05, respectively).
The mean monthly rates (min x hr) for locomotion were inversely (ys = »0.59;

- TABLE IV. Monthly Activity Profile for the Study Troop?

A

Observation
P “ Socinl hours
. Month Rost Feed Locomotion Travel interactions per month
) 44.5 13.8 1.0 0.5 0.2 1597
. F 41.5 15.8 2.0 1.0 0.3 i60.0
M 48,7 ile 0.9 X3 0.} 1322
A 44.% 9.0 4.6 0.7 0.6 150.3
M 63.0 4.7 0.5 2.5 i.3 214.7
J 48.1 8.3 0.6 0.5 ib 141.1
i d 512 7.0 0.4 0.6 0.9 68.1
A 48.8 0.8 0.5 0.8 0.5 172.1
8 60.1 8.5 0.5 0.6 0.3 208.1
O 48.3 10.2 0.6 0.6 0.2 187.6
N 48.1 12.7 0.5 0.4 .2 218.8
b 45.4 13.3 0.5 04 0.3 2211
. Average 47.8 10.3 0.7 0.6 0.5 164.9

; *Numbers refer to minutes per focal hour of observation.
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P = 0.02) associated to the number of tree species presenting young leaves in the
monthly phenological records, but rates for trave] were positively related (rs =
6.51; P = (.04) to the same variable. While monthly rates for resting were nega-
tively associated {rs = ~0.52; P = 0.01) to the vnlues of Sorensen’s index calcu-
lated to measure the intermonthly overlap in the use of tree species as sources of
food, feeding monthly rates were positively associated to the same index (rs =
0.48; P=0.03).

Average monthly distances traveled by the howlers within the forest frag-
ment ranged from 160.8 m (June) to 476 m with a monthly average of 326 m
{October). The monthly distribution of average distances traveled by the troop
roughly paralieled the average monthly values of the howlers' feeding diversity
index (M) (Fig. 3).

DISCUSSION

Qur study showed that young leaves and ripe fruit were the principal compo-
nents in the vearly diet of the howler troop studied, with mature leaves, unripe
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- fruit, flowers, and “other” items complementing their general diet. These howl-
ers displayed also a particular preference for species of Moraceae and Cecro-
piaceae, & behavior consisient with the predominance of species of these plant
families in Alouatia’s diet in the Neotropics [Milton, 1880; Estrads & Contes-
Estrada, 1993; Kinzey, 1997). While the overall activity pattern of the howlers
studied was no different from that reported for A. palliaia in the literature (Kinzey,
1997), the monthly variations in the phenology of young leaves had an influence on
the general activity of howlers, These responded to & higher synchrony in leaf pro-
duction among their proferred tree species with increments in time invested in travel
suggesting active search. Once the resource was found, their behavior became more
stationary concentrating on harvesting yvoung leaves.The howlers seemed to take
advantage of ionger and/or synchronous perieds of availability of leaves and fruit
among trees and/or species, as suggested by the observed periods of high overlap in
tree apecies used between adjacent months, times when they responded with higher
rates of feeding, and important decrement in resting rates,

While our study showed the use of 52 species of plants by the howler troop, a
study of an introduced troop on a lake island 20 ha in size about 40 km away
from our study site reported the use of 28 species {Serio-Silva, 1992]. Another
study in a 10 ha {ragment of regenerating vegetation about 80 km away report
the use of 15 apecies {Jimenez.Huerta, 1992]. Presumably the only study of
Alouatta in undisturbed and contiguous forest reported the use of 27 species
{Estrads, 19841, A comparison of plant species used by howlers in our study and
the othiers indicated nine species in common with the island, 8 apecies in com-
mon with the forest fragment 80 km away, and 11 gpecies in common with the
study in undisturbed and contiguous forest. The data from these four studies
indicate the use of nt least a total of 78 species of plants by A, palliata st Los
Tuxtiag. Such diversity of species is consistent with the reported generalist feed.
ing habits of members of the genus {Estrada & Coates-Eatrada, 1993; Kinzey
1997}, a feature that coupied to the capacity to use leaves as food, ailow this
primate to face significant human-induced reductions in area of its natural habi-
tat [Galetti et al,, 1984] or to exist in forest fragments managed by humans
- harvesting the leaves of cultivated plants such as Citrus spp. [Bicca-Marques &
Calegaro-Margues, 1994c).

Qur data may suggest that howler monkeys at Los Tuxtlas can persist in
habitat islands by using leaves and fruits of a limited subset of species of Moracese
and Cecropiaceae as a principal component of their diet. Some of these apecies,
such as €. oblusifolia, F. yoponensis, and F. tecolulensis, were used by the study
troop in 10 to 12 months, probably the result of asynchronous production of leaves
and fruit in individuals of species of these genera [Milton, 1980; Ibarra & Oyama,
1992]. The above behavieral elasticity may, however, be illusory and food oppor-
tunities may be limited in the cage of howlers living in small isolated forest. For
example, only 13% percent of the species in their diet were used in 10-12 months
of the annuel cycle investigated gnd the number of new food species added in
each month of feeding records was very smali after the first month, averaging
only 2.7 species per monthly sample. This and our observation that > 80% of
feeding time recorded was concentrated on < 10 tree species suggests a conserva-
tive diet. While howlers at the study site used 52 food species, they fed from only
34% of the trees of these species available to them (N = 536) at the study site,
suggesting that variation in both nutritional quality and secondary compound
content among individuals within a species may limit the uge of many other
. individual trees [Milton, 1984; Glander,1981; Julliot & Babatier, 1993},

.- Even species such as €. obfusifolia that had the highest DI values at the
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study site and contributed to 28% of the trees used by howlers as food sources, it
only contributed to 8.5% of the total feeding time recorded. This suggesta that
howlers may not find enough nutrients from these trees. Furthermore, trees of
this species, common in disturbed forests, are known to be rich in secondary
compounds [Garay-Arroyo & Alvarez-Buylla, 1997, further reducing the howlers
feeding and assimilating efficiency [Milton et al., 1878} and taxing their physi.
ological capacity to :uetabolize these compounds [Glander, 1981].

Such narrow preferences may place howler monkeys existing in small iso-
lated forest fragments under additional stress forcing them to incorporate in their
diet rarely used species and life forms that may or may not satisfy their nutri-
tional or energetic needs, For example, vines comprised 26% of species used by
howlers at the study site vs. 9% reported for a howler troop living in an undis-
turbed forest habitat 5 km away [Estrada, 1984], However, the presence of fig
trees at the study site may have been important in sustaining howlers in such a
disturbed habitat. For exampie, while figs contributed to only 5% of the trees
used by howlers for food, they accounted for 56% of their total feeding time,

Small forest fragments, like the study site, may have a larger than normal
animal load with important hegative consequences on the physical well being of
howler monkeys. For example, the howler biomass per unit of area at the study
site was 8.7 kg per ha, which contrasts significantly with that of 1.28 kg per ha
reported for troops of A. pelliala existing in undisturbed and contiguous (>BG0
ha} forest {Estrada & Coates-Estrada, 1996]. The observed preference of howlers
at the atudy site for particular trees of a small subset of species and the fact that
the troop can not expand its range, could suggest an overuse of resources in the
medium and long-term. Furthermore, depletion of fruit from these tree species is
carried out by birds and other mammals [Estrada et al., 1984; Estrada & Coates-
Estrada, 1985] and of leaves by insects such as leafcutting ants (Atla spp.)
{Estrada & Coates-Estrada, 1988; Vasconcelos & Cherrett, 1997), further aug-
menting the problem to howlers living in small habitat islands of securing enough
rescurces to subsiat, '

Among the documented effects of fragmentation and isolation of rain forests
is the creation of edges that modify microclimatic conditions of the forest frag-
ment (higher temperatures, lower humidity, greater solar radiation, and wind
penetration) increasing mortality of trees and favoring the invasion of non forest
species [Brown, 1991; Offerman ot al., 1995], Such changes may result not only
in further reductions of area of the habitat island but also in modifications in the
compeosition and structure of the vegetation and in extremes in microclimatic
conditions (higher temperatures and lower humidity) that may be unsuitable for
sustaining the existence of plants and monkeys [Offerman et al,, 1985},

The net effect of these changes may be a decrement in the quantity and
quality of actual and potential foods available to howlers inhabiting these habi-
tats and a higher thermal stress as a result of the lesser protection afforded by
the deteriorating vegetation. Thus, the observed tendency by howlers to concen-
trate much of their activities in the afternocon could have been determined in
part by extreme microclimatic conditions in the earlier part of the day (25-43°C).
The observed positive correlation beiween resting rates and the observed varia-
tiong in maximum temperatures at the study site and the negative correlation
between locomotion and feeding rates and these temperature parameters sug-
gests an influence of these abiotic variables on activity patterns of howler mon-
keys inhabiting very small forest habitate that merit further investigation.

In summary, the demands of a highly disturbed habitat (e.g., small size, elon-
gated shape, and high exposure to wind and solar radiation) isclated by humsan






