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Resource Use by Howler Monkeys (Alouatta palliata)
in the Rain Forest of Los Tuxtlas, Veracruz, Mexico
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The feeding preferences of howler monkeys at their northernmost
distribution in the Neotropics are reported for an annual cycle. A
remarkable selectivity for 27 species representing 15 families was observed.
The Moraceae and Lauraceae plant famifies were the most important in the
diet. The howlers spent an almost equal proportion of their feeding time
eating leaves and fruit, and displayed a marked preference for young leaves
and mature fruit. The consumption of different plant parts was markedly
seasonal and the howlers' ranging behavior was closely associated with the
avaitability of young leaves and mature fruit. Their home range was
unusually farge {ca. 60 ha) for howlers and the food species exploited occur
at very low densities (93%, < 4 ind/ha). They chose food items richer in
protein and energy, Alkaloid compounds, present in some of the leaves, play
a secondary role in their dietary selectivity.
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INTRODUCTION

Howler monkeys have been intensively studied and surveyed in places
such as Panama (Carpenter, 1934; Collias and Southwick, 1932; Bernstein,
1964, Chivers, 1969; Richard, 1970; Smith, 1977; Milton, 1975, 1971, 1979,
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Awmtdnoma de México, Apartado Postal 94, San Andrés Tuxtla, Veracruz, México.
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Fig. 1. Location of stady site. The dashed line is a dint road. The reserve is 35 km from the
town of Catemaco.

1980; among others), Costa Rica {Glander, 1975, 1978, 1981), Argentina
(Pope, 1966), Veneruela and Trinidad (Neville, 1972a,b; Rudram, 1979;
Sekulic, 1981), Colombia (Kiein and Klein, 1973; Gaulin and Gaulin, 1982),
and Guatemala (Coelho er gl., 1976; Schlichte, 1978).

Of these studies, only those carried out by Milton on the Barro
Colorado Island howlers in Panama and by Glander on the howlers of
Finca La Pacifica in Costa Rica are long-term, and it is from these that our
most detailed knowledge of this primate’s feeding ecology has been derived.
We lack information on the feeding ecology of populations of howler
monkeys in areas other than Central America and thus on the variabhility in
the feeding adaptations of this penus in the Neotropics. An important
contribution to this need is the study of howler monkeys by Gaulin and
Gaulin {1982) in an Andean cloud forest.

in this paper, we report data on the annual cycle of hOme range,
resource use, and foraging patterns of howier monkeys of Veracruz,
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Mexico, where they occur in the northernmost limit of rain forest in the
Neotropics.

Study Site

The howler monkeys reported on here inhabit the forest of the
biological reserve and research Station “lLos Tuxtlas,” located as 95°69/
longitude, 187347 10 18°16/ north latitude, in the southern portion of the
state of Veracruz (Fig. 1). The reserve, property of the Instituto de Biologia
of the Universidad Nacional Auténoma de Mexico, consists of a 700—ha
strip of land 5.0 km long, east to west, and 1.5 km wide, north to south,
iocated in the eastern portion of the Sierra de San Martin range, an area of
volcanic origin dominated by the San Martin Volcano.

The climate of the area is hot and humid, with a mean anpual
precipitation of 4300 mm. Mean annual temperature is of the order of 27°C
{range, 17-29°C). Although it rains throughout the year, there is a “wet”
season from June to February and a “dry” season from March to May (Fig.
. ’

The high evergreen rain forest (Miranda and Hernandez, 1963) is the
dominant habitat in the reserve, General descriptions of the vegetation can
be. found in Pennington and Sarukhdn (1968), Sousa (1968), Flores (1971),
Pifiero er al. {1977), and Carabias (1980). The important arboreal elements
in the upper level (220 m) of the forest are Nectendra ambigens, Brosimum
alicastrum, and Poulsenia armatg. In the middie level (10-20 m),
Pseudoimedia oxyphyllaria and Stemmadenia donnetl-smithii are among
the most important species. Astrocaryum mexicanum and Faramea
occidentalis are the dominant species in the fower level (0-10 m). Some of
the most important plant families are the Moraceae, Leguminosae,
Lauraceae, Palmae, Ulmaceae, and Annonaceae.
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MATERIALS

Since the study was initiated in May 1977, about 6000 field hr have
been spent observing the howler monkey troops in the reserve. Our censuses
have shown the existence of about 17 troops, with a mean size 0f 9.12 (&
2.93) individuals and a density of 22.14 animals/km? (Estrada, 1982), An
area located in the eastern end of the reserve, inhabited by three troops (Fig.
3), was selected for intensive study. This area consists of the slope of a
mountain which ranges in altitude from 160 to 530 m above sea level and
covers an area of approximately 90 ha and about 40-60 ha of forested land
adjacent to the reserve boundaries. One of the three troops, troop “S7, was
selected for intensive observations and it is these observations, made
between September 1977 and August 1978, that we repont here, The age and
sex composition of the study troop for the time period reported here was
three adult males, five adult females, one juvenile, and five infants.

METHODS

The individuals of troop “S"” were observed on 15 nonconsecutive days
of each month. All observations were made with the aid of binoculars and

Fig. 3. Aerial photo of easternmost portion of the reserve inhabited by three howler troops (G,
W, and 8}, Biack tines denute the reserve’s boundaries.
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recorded on a tape recorder. Focal animal sampling (Aitmann, 1974} was
the technique employed to sample the behavior of represestatives of each
age/sex class in the troop, with the aim that for each a similar number of
focal samples and observation minutes was obtained. In the field, the focal
animal was observed for as long as possible, with the sample terminating
when the subject moved out of sight and the observer was unable to
relocate it. In the latter case, a representative of the next age/sex class in
the observation schedule was then observed. Observations were distributed
from 0600 to 1900 hr and the duration of the behaviors scored was
measured with the aid of a wrist chronometer.

Plani Resources

Every tree used by the howlers was marked, measured, mapped, and
identified to genus and species. Trees belonging to the genus Ficus were
grouped under Ficus spp., due to Jack of detailed information on this genus’
interspecific differences at the study site. Trees were located on a map scale
made from aerial photos {1:7000). A grid with quadrats | ha in size each
was superimposed on the map, permitting a more precise location of each
tree and of the howlers’ movements.
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Fig. 4. Home range limits (thick solid line) of the main study troop. Dashed lines are deep
ravines and the solid fine through the middle is a Jarge trail. Lines a, b, and ¢ are the three
vegetation transects. Parallel tines at the bottom are a dirt road, and shaded areas are
deforested land outside the rescrve’s property.
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The relative abundance of the free species within the home range of
the focal troop was calculated by censusing all trees =10 m in height in
thiree transects (20 X S00m) 1 ha in size each (Fig. 4). Information on the
productivity of the trec species used by the howlers based on personal
observations over 3 vears at the study site was also considered in the
examination of the howlers’ foraging behavior. Samples of the plant parts
were collected in the case of several of the mos: important tree species in the
howlers’ diet. These were subjected to chemical analysis at the Animal
Nutrition Laboratory of the School of Veterinary Medicine at the Uni-
versity of Mexico. Other samples were also tested for secondary compounds
at the Center of Research in Cellular Physiology at the same university.

Behavioral Observations

After a period of 4 months, during which we became familiar with the
howlers’ behavior and movements in the area, a behavior catalog was
constructed and used for systematic sampling. For description and analysis
of the data, bechavior elements were grouped into five major groups as
folows.

Feeding. An animal introduces part of the plant {¢.g., leaves) into its
mouth. Also noted is the state of maturity of the plant part and whether it is
consumed whole or not.

Travel, An animal moves over a distance that exceeds the area of trees
where the rest of the troop is and there are other animals displaying the
same behavior, giving indications of troop progression.

The distances transversed by the troop were measured with theaidof a
pedometer attached to the observer’s waist and the readings were checked
against tracings on daily maps. The position of the troop in a given
quadrat was recorded every 10 min, and from this record, “length of stay” in
each quadrat was calculated.

Locomotion. An animal moves a misimum of one body length or
more over variable distances that do not exceed ihe tree or cluster of trees
where the troop is stationary.

Resting, An animal remains motionless either sitting or lying on its
side, front or back.

Social Interactrions. Twenty-nine social interactions were sampled and
grouped under this heading (e.g., grooming, interindividual distances,
threats, maternal behavior, etc.). :

A total of 883 hr of focal samples was compieted on the members of
troop 8. The number of hours of focal samples in each month varied from
70 to 80, with a mean of 73.6. The mean number of hours spent each day
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compieting focal samples was 4.9, A considerable amount of time was also
spent in marking, mapping, and identifying the trees used by the monkeys,
in collecting plant parts, and in the census of the trees in the three I-ha
plots. :
Home-range size was determined by plotting all quadrats entered by
the troop during 16 months (May 1977-August 1978} and by drawing a taut
line around all cuter points. In the case of group progression, only the data
derived from measurements of the troop’s traveling patterns over 8 months
{January-August, 1978) of the annual cycle reported here were used to
examine the howlers’ ranging patterns and the degree of aggregation and
dispersion of the plant resources used.

RESULTS

The home range of troop S was calculated {o be about 60 ha in size,
and participating in the determination of its boundaries are major
topographical features, a dirt road, some deforested land, and the preseme
of troops G and W (Fig. 4).

Feeding Selectivity

The howlers used for various purposes {(resting, feeding, social
interactions, etc.) 312 trees, of which 98% have been identified to genus and
species, The trees had & mean height of 22.71 m 8P = + 34.32) and they
belonged 10 44 species, of which 42 have been identified to represemt 22
families (Table I). Of the total number of trees marked, only 120 [27 species
representing 15 families (Table 11} were used by the howlers as a source of
food. .

The howlers displayed a marked preference for some of the species
used as a source of food., Table H shows that the first eight species
contributed to 78% of the trees used and to §9% of their total feeding time,
These species belong to only five families: Moraceae, Lauraceae, Leguminosae,
Boraginaceae, and Capparaceae,

Selectivity of Plant Parts

The howler monkeys spent an equal proportion of time consuming
leaves and fruit. They displayed a marked preference for young leaves and
for mature fruit (Table {11}, which accounted for 39% and 41% of their
feeding time, respectively.
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Table 1. Species of Trees Used by the Howlers for

General  Purposes

{l.e., Rest, Feeding, Social
Imeractions, £tc.}

Specics Family

¥,  Nectrandra ambigens Lauraceae

2. Prerocarpus hayessii Leguminosae

3. Ficus spp. Moraceae

4, Brosimum alicastrum Moraceae

5. Poulsenia armuty Moraceae

6. Cecropia obtusifolia Moraceat

1. Cordia allicdara Boraginaceac

8. Spondias mombin Anacardiaceae

9. Ampelocera hottiei Ulmaccae
W, Psewdolmedio oxyphyilarie Moraceae
11,  Robinsonella mirendae Malvaceae
12, Bursera simaruba Burseraceae
13, Cynometra retusa Leguminosae
14,  Zenchoxylium kellermanni Rutaceae
15. Lonchocarpus guatemalensis  1eguminosae
16, Dussia mexicana Leguminosae
i, Dialium guianense t.eguminosas
18. Coceoloba barbadensis Polygonaceac
19. Cussia doyiei Leguminosae
20.  Cymbopetatum baitlonit Annonaceac
2. Leucaena glauca Leguminosae
22. Sapindus sapanaria Sapindaceae
231, Ulmus mexicana Ulmaceae
24.  Omphalea cardiophyila Euphorbiaceae
25.  Sapium laterifforum Euphorbiaceae
26,  Licanio platypus Chrysobalanaceac
21, Pytheceliobium arboreum f.oguminosae
28. Belotia mexicana Tiliaceace
29.  Stemmadenia donnell-smithii  Apocynaceae
0. Tewrorchidium rotundatum  Enphorbiaceae
3. Calatola lnevigata Icacinaceae
32, Cupania dentata Sapindaceac
33.  Achras zapota Sapotaceac
34, Lysiloma bahamensis Leguminosae
35, Eugenfasp. Myrtaceae
36. Ceiba pentandra Bombacaceas
7. Heliocarpus donnell-smithii Tiliaceae
38, Bernouliia flammen Bombacaceae
39, Mortoniodendrum sp Tiliaceze
4. Guarea chichon Mcltaceae
4. Crareeva tapia Capparaceac
42. No, 78*Crespitlo” -
43, No. 304 “clo zapote” -
44.  Dipholis minutiflora Sapoiaccae

Estrada
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Yable 11, Specics of Trees Used by the Howlers as a Source of Food
. Na. of % of % feeding

Species Family trees trees time
Fieus spp. Moraceae ] 14.0 nm
Nectandra ambigens Lauraceae 17 4.0 22.6%
Poulsenia armate Moraceae ] 2.4 it 4t
Brosinuam alicastrum Moraceae 18 1.9 7.37
Cecropia obtusifolie Moraceae 9 1.4 .14
Pterocarpus hayesii Leguminosae 10 8.3 3.40
Cordia eifiodora Boraginaceae 7 5.8 324
Crataeva tapia Capparacese i 0.8 2.80
Pseudoimedia oxyphyllaria Moraceae 3 2.5 1.47
Calotola laevigara lcacinaceae i 0.8 1.33
Sapium lateriflorun Sapindaceas 1 0.8 1.05
Uitmus mexicing Lilmaceae 1 0.8 0.94
Omphalea cardiophyile Euphorbiaceae i 0.8 0.89
Diglium guianense Leguminosae 2 1.7 .74
Ampelocera hottiei Ulmaceae 2 1.7 0.72
Dipholis minutifiora Sapotaceae 2 1.7 0.65
Robinsonetla mirandae Malvaceae 1 0.8 0.60
“Dlo zapate™ 1 0.8 0.52
Dussia mexicana Leguminosae 2 1.7 0,48
Cassia doyled Leguminosae i 0.8 0.26
Coccoloba barbadensis Polygonaceae ! 0.8 0.25 -
“Crespillo™ 1 0.8 G.24
Cymbopetatfum baiflonii Anponaceae i 0.8 0.22
Tetrorchidum rotundetum Euphorbiaceae i HE 0.18
Spondias mombin Anacardiaceae 2 37 015
Achras zapote Sapotaceae i 0.8 .13
Zanthoxyltum keillermanni Rutaceae b 0.8 0.04

The exploitation of each plant part was also characterized by a marked
preference for particular species (Table 1V). In the case of fruit eating, five
species accounted for 92% of the howlers’ feeding time, with the Ficus
species representing their most important source of fruit. This selectivity is
also evident in the case of young leaves, in which 48% of their feeding time
concentrated on two species (Fable 1V). A more diverse diet (diversity
measured with Shannon’s function H?) was detected in the case of leaf
" eating than in fruit consumption (Table IV).

Table I Percent of Freding Time Speat by the

Howlers on Each Plant Part Exploited

Young - Mature Young Mature
leaves leaves - fruit fruit Flowers
%) %) | (%) {%) {%a)
39.3 10.0 BS 414 0.2
Leaves = 49 Fruit= 51




Table IV, Petccmage of Time Spent Feeding on Each Plam Part per Species by the Howlers®

¥i1

Part eaten
Specis YL frk} ML {rk} YF {tk) MF frk) 3 {rk) F {rk)
Ficus spp. 2 3] 16 (2) 56 t) 42 {1} 20 ) 44 {1)
MNectandra ambigens 27 H1}] 26 {1} P {3 17 12.5) 27 i iR {2}
Poulsenig armata ¥ 35 8 {5 - - 17 (2.5} 9 { 14 3
Brosimum alicastrum 8 {5 3 {9} 15 {3) 6 {5} 1 4.5} . 4.53
Cecropia obtusifolia 5 {7.5 4 35 - 9 (4) 4 6.5} g {4.5}
Prcrocarpm hayesii 2 (3.5 - - - 7 4.5 -
Cordin ailiodorg § {9.5) 2 {11.%) - i 6.5 4 (6.5} 2 {6}
Cuatteeva tapia 7 {&) 1 (4.5 - - L 8 -
Preudoimedia oxyphytiaria 0.34 (i} & i €3y H (9.5} 1 (14 1 {9y
© Calatela loevigate — i3 {H - - 3 N -
Sapium lateriforum 1.50 {1 4 (7.5} - - 2 {in -
Ulmus mexicana - @ {4} - - (i) -
- Omphalea cardiophyila pi ] - - - i 11 -

" Dialtum guianense - - - 2 6.5 - H (5]
Ampelocers hottiei 0.17 {9 - 3 ) | .5 H {i4) H %
Diphefis minutiflora - - - ; 9.5 e H %
Robinsonella mirandae 1,55 {H) - - . I (k) -

“Olo zapote” - 0.43 {16 - t .5 008 4 H g
Dussia mexicang 0.68 {129 2 {IL%) - — 0.98 {16} -
Cussia doylel 0.68 {12.5) - - - .53 an -
Coceploba borbadensis 0.29 {an t (14.5) - - - 0.56 {i8) H
HCrespillo” .63 {14} - - - 0.49 (% -
Cymbopetattum baillonii - z  {1LS) - - 044 20 -
Tetrorchidivm rotundatum -~ 2 (ILY) - - 0.35 21 -
Spondias mombin 0.40 {15y =~ - - - 0.3t 22 -
Achras zapote — - - 0.32 {12} - 026 (D)
Zanthoxyium kellermanni G2 (19 - - - 0.09 {2 -
No. of species 19 6 5 12 pL} 2

- 2.18 2,31 1.13 1.77 2.41 G

Hw L logpilog
iwmt

*{rk}, species’ rank; YL, young Jeaves; ML, mature leaves; YF, young fruit; MF, mature froit: L, leaves; F, fruit.
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Qur resuits alse indicate that not all the parts of each tree species were
equally attractive to the howlers (Table V). Only four species (three
Moraceae and one Lauraceae) suffered exploitation of young and mature
leaves and fruit, albeit in different proportions. Some species were used as a
source of either mature leaves or only young leaves. Ripe fruit was, in
general, the predominant plant part used from each tree species used as a
source of fruit,

Seasonsality in the Selection of Plant Parts
_ The way in which the consumption of the plant parts varied over the

months for their preferred tree species(Fig. 5) indicates that (8) jeaves were
consumed throughout the cycle, (b} there were months of the year when the

Table V. Differential Use of Plant Parts per Species®

Part consumer .
Species Yi. ML YF MF FL
Ficus spp. 27 5 15 53 -
Necrandra ambigens 48 12 9 3t -
Poulsenia armata 32 S 61 -
Brasirmum aficastrum 44 5 18 i3 -
Cecropia obtusifolie 3o T - 63 -
Pterocerpus hayesii 108 - - - -
Cordia alfiodora | 63 7 — 30 -
Crataeva tapia 9% 5 - - -
Pseudoimedia coyphyllaria 9 42 g 44 -
Calatole lvevigata - WG - - o
Sapivm lateriforum 55 44 - - -
Ulmus mexicana - 10 I - -
Omphalea cordiophyila 00 - - - -
Dialiuen guianense - — - 0 -
Ampelocere hottiei g o n b2 I
Dipholis minutiflora - - v 7327
Robinsonelle mirerideue 100 o R - -
“olo rapote” - g -~ 95—
Dussig mexicana 55 45 - -
Cassin doylei 0 - - - -
Cocooloba barbadensis 46 54 - - -
“Crespillo”, s e -— -— e -
Cymbopetatum bailionii - 00 - - -
Fetrorchidium rotundatum -~ w - - -
Spondies mombin .- w -~ - . -
- Achras sapeta. . ., o - - 00 -

Zanthoxyllum kellermannt 100 —

*E.£., 27% of the howlers® feeding time spemi feeding on Ficus
spp. was dedicated to the consumption of young leaves, Ab-
-Breviations as in ‘fable IV.
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Fig. 5. Percensage of time spent feeding by the howiers on each plant part over the months,
Note the marked seasonality in fruit eating and the predominance of young leaves in their
yearky diet,

howlers’ diet was dominated by the use of leaves, {¢) the consumption of
young leaves predominated during the cycle, and {d) the use of mature fruit
was predominant in those months when fruit was the most important
eiement in their diet.

The percentage of feeding time was found to be positively correlated
{ry = 0.69, P < 0.05}, with the number of months a species was used,
supgesting that those species popular in the howlers' diet were also used for
more months than the less popular species (Table VI). Dietary overlap
between months was measured with the coefficient of community (CC)
(Piclou, 1975, 1977). This is a measure of ecofogical similarity, and the
resulting scale from zero to 1.0 indicates a range from null to 1% overlap
between periods. The dietary overlap index (Table V) was also foand 1o be
strongly correlated (ry = 0.51, P < 0.05; N = }2) with the percentage of
time feeding each month on mature fruit only (ry for young leaves = 0,007,
us; rg for mature leaves = 0.12, ns; r¢ for young fruit = 0.25, ns).

When only the number of months each species was used is considered,
a significant correlation was found with percentage of time spent feeding on
young leaves (rg = 0.65, P < 0.05) and on mature fruit (/g = 0.73, P <
0.05). The associations with mature leaves and young fruit were not
significant (r; = 0.30, ns, and 0.27, ns, respectively).



“Fable VI, Mon__ths of the Annual Cycle When Each Species Was Used® _

Spectes

s

LI

N

D

J

F M

A M

Ficus spp.

Nectandre ambigens
Pouisenia armata
Brosimum alicastrum
Cecropin obtusifolia

- Prerocarpus hoyesii

Cordia alllodora

Crotaeva tapia -

Preudolmedia oxyphyliarie

Calatola laevigaa

Sapium laterifforum

Uimus mexicena

Omphaelea cardiophylin

Dialium guianense

Ampelocere hottlel

- Dipholis minutifiora
Robinsonella mirendae
“*Oilo 2apote”

Dussio mexicana
Cuassia doylei

-~ Cocroloba barbadensis
“Crespillo”
-Cymbapetatum baifioni
Tetrorchidium rotundatum

" Spondias mombin
Achras znpota
Zanthoxyilum kellermanni

No. of species used
ench month
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1.51
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028 072 0.62 0.60
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.20 0.76 0.47 0.4

p <005 p <005
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x

13
.70
2.32
0.4]
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“CC, dietary overlap index; H', monthly dietary diversity; rg, monthly Spearman correlation coefficients between species’
relative densities and percentage of time spent feeding on each by the howlers,
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Dietary Diversity Over Time

An index of monthly dietary diversity was calculated using Shannon’s
function (H?) (Pielou, 1975). The values obtained (Table V1) indicate a
greater diversity in the howlers® diet in the period when fruit consumption
was the predominant feeding activity. When the plant parts used by the
howlers are considered separately, we find a strong correlation between
time spent feeding on young leaves and H? {rg = 6.68, P < 0.05; N = 12}
and an even stronger correlation between time spent feeding on mature fruit
and FP (rg = 0.80, P < 0.05); N = 12). In the case of the other plant parts
the results were not significant {rg, mature leaves = (.47, ns; rg, young fruit
= (.36, ns).

Use of Spﬁce and Food Search

Our examination of the howlers’ ranging patterns within their
supplying area indicates that the number of quadrats used each month
varied from four to seven in the period (January— April} in which leaves
were the dominant food element in their diet (X = $; 8D, = 1.41) (Fig. 6).

- In the period in which their diet was dominated by fruit eating
(May-August), the number of quadrats used varied from 7 to 16 (X =
12.50; SD, = 3.70) (Fig. 7). A diversity index (A7) computed for quadrat use
each month showed a higher value for the period May-August (X = 2.15;
N = 14) than for earlier months (X = 1.37; N = 4). Further, quadrat
diversity each month was found (o be strongly correlated with monthly
dietary diversity (rg = 0.67, P < 0.05; N = 8} and a strong correlation was
also found between quadrat diversity in each month and time spent feeding
on mature fruits each month (g = 0.78, P < 0.05; N = 8}). The
correlations with the other plant parts were not significant {ry, young leaves
= (.67, re, mature leaves = 0.57; and rg, young fruit = 0.43; N = §
months in all cases).

Ranging

Day ranges ranged from 11 1o 502.88 m (X = 123.37 % 101.27).
During months of the year when their diet consisted mainly of leaves, the
howlers traveled more (Fig. 6) (January-April, mean distance traveled =
146.59 m). In those months in which fruit eating prevailed in their diet (Fig.
7}, the distance traveled each month was smaller (May-August, mean
distance traveled = 114.05 m). The largest day ranges were scored in the
months of February {502.88 m), March (439.55 m), and April (359.90 m}. It
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Fig. 6. Traveling routes followed by the howlers gach month. Arrows indicate direction of trave} and
numbers indicate first and iast date of sampiing. X indicates mean distance rraveled each month, Note:
{a) these were months when leaves were the most important plant part in the howlers diet, and (b) the
spatisl separation of their foraging area {guadrats = 1 ha in size).
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Fig. 2. Traveling routes followed by the howlers each month. Symbols as In Fig. 6. Note: (a) these are
months when frult was & very important element inn the howlers’ diet, (1) the spatial contiguity of
quadrats, and (c} the lower mesn distances traveied eaci month compared to those in Fig. 6, as well as the
different patterns of travel,
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Resource Use by Howler Monkeys _ i 12_}.

was observed that in ail months of the year they traveled directly to specific
trees, ignoring others of the same species along the way.

Density and Spatial Dispersion of Food Resources

An examination of the results of the census of the three l-ha
vegetation plots {Fig. 4) indicate that, except for Nectandra ambigens and
Pseudolmedia oxyphyllaria (FYable V1), all the species used by the howlers
oocur at densities 5 4.0 ind/ha. While an association was found between
the species’ relative densities and the precentage of feeding time on each (r
= .40, P < 0.05), it is impeortant to point out that only 1 of the 27 species
was used as a source of food during all 12 months of the cycle and that in
only 2 months was there a significant correlation between species’ relative
densities and percentage of time spent feeding on each by the howlers (Table
Vi)

“Fable YEE. Species of Trees Used as Sources of Food by the Howlers and Their Relativg Abundance

in the Forest® -
e of feeding  Relative
time density Bensity  Sclection

Species Family (¥1) {red} (%)  find/ha) index
Ficus spp. Moractac 320 1.4 1.3 2.2
Nectandra ambigens Lauraceae 22.6 8.0 16.3 1.2
Poulsenia armata Moraceae tid 4.0 36 2.8
Brosimum alicastrum Moracecae 1.3 4.0 4.0 1.8
Cecropia obtusifoliv Morzceae 6.1 30 2.6 pX:]
Prerocarpus hayesii Leguminosac 34 10 30 | 3]
Cordia aliiodara Boraginaceae 38 1.6 0.6 3
Crataevs tapi Capparaceas 2.8 1.0 0.6 2.8
Peeudolmedia oxyphytaric Moraceae 1.4 15.0 iie 6.0
Calatola laevigata leacinaceae 1.3 0.3 0.2 4.4
Sepivm lateriflorum Sapindaceas 1.0 0.3 3.2 35
Ulmus mexicana Ulmaccae 89 1.3 0.3 2.6
Omphalea cordiophytio Euphorbisceae 0.8 1.0 0.6 0.8
Diglium guianense Leguminosae 0.7 1.4 1.3 0.5
Ampelocera hottlei Ubmiaccae 0.7 3.2 1.0 0.2
Dipholis minutiflora Sapotaceat 0.6 4.3 0.3 1.8
Robinsonella mirendae Malvaccac .6 1.0 1O 0.5
“Olo zapote™ _ - 0.5 0.3 0.2 1.7
Dussia mexicana Leguminosae 0.4 1.0 6 0.4
Cassia doylei Leguminosac 0.2 0.3 .3 0.%
Coccoloba barbadensis Polyponaceas 0.2 6.3 0.3 0.7
“Crespillo” .- 0.2 4.3 0.2 0.8
Cymbopetalium bmﬂomi Annonaccae 0.2 4.9 490 0.0
Tetrorchidium rotundatum  Euphorbiaceac 0.1 ¢.3 0.2 4.6
Spondias mombin Anacardiaceae 0.1 4.6 4.3 0.0
Achras zapota Szpotaccae 0.4 0.3 0.2 0.4
Lanthoxylfum keﬂefmanm Rutaceae 0.04 1.4 1.3 0.02

“Ft/rd: > | = positive preference; < { = aegative preferences; I = no preference,
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When only the top 10 species {taking up = 90% of feeding time) in the
howlers’ diet are considered, no association was found between the species’
relative densities and the intensity of use of each{ry = 0.40, ns). However, a
significant positive correlation was found with percentage of time spent
feeding on mature fruit (rg = 0.53, P < 0.05; N = 12); with the rest of the
plant parts, there were no significant associations jrg, young leaves = 0.26
{N = 19); ry, mature feaves = 0.27 (N = 16); rg, young fruit = 0.30(V =
5J.

The selectivity index, calcuiated using the information from the
vegetation census (Table VII), shows that the howlers displayed a marked
preference for trees of the genus Ficus and for the species Poulsenia armata,
Cecropia obtusifolia, Cordia alliodora, and Crataeva tapia among others,
Consistent with these data is the strong correlation ¢+ = 0.80, # < 0.01)
found between the percentage of time spent feeding per species and the
number of trees used of each. _

A plot of the location of all the food trees used by the howlers in their
home range shows (Fig. 8) that they are very dispersed and also occur in the
form of clumps or patches. For example, some species, e.g., Ficus spp.,
occur very far apart from each other {open circles in the map), while others,
¢.g., Nectandra ambigens (asterisks), oceur in clumps.

Plant Families

_ The families Moraceae and Lauraceae were the most important in the
howlers” diet and accounted for 81% and 68% respectively, of their {ime
spent feeding, and of the total number of trees used as a source of food
(Table 11},

The Chemical Quality of the Plant Parts

Although the determination of the quality of the plant parts is still in
progress, the results so far obtained indicate that young leaves are richer in
protein content/dry weight, contain a higher proportion of digestible
nutrients, contain more digestible energy, and contain less fiber than
mature leaves of the same species (Table VIII). Young leaves seem to be a
better type of food than mature leaves if we consider the protein-fiber ratio
{young leaves, 0.97; mature leaves, 0.47) and the fiber-digestibie nutrients
ratio {young leaves,0.24; mature leaves, 0.40),

' The chemical analysis of the leaves and fruits of 11 tree spemes used by
the howlers showed that the former contairied a higher proportion of
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Fig. 8. Map of the troop's home range in which ali the trees used as a source of food (N = 120) have been plotted. Note the high
dispersion and clumping of resources: (*) Necitendra embigens; {O) Pterocerpus hayesii; {O) Ficus spp.; (3} Brosimum
aticastrum; () Spondias mombin; { A} Poulsenia atmata; (W) Cordia alfiodora; {0} Ampelocera hottiei; ( X} Cecrapia obtusifoli;
(R} Pseudoimedia oxyphytiaria; (R} Cassia doyiei; (#) Dussia mexicana; (#) Coccoloba barbadensis; () Ulmus mexicana: (1)
Tetrorchidium rotundatum; (2) Crateva tapia; (1) Diatium guianense; () Cymbopetalium baifioni; (8} Sapium lfateriflorum;
{6) Calaroia laevigate; (T} Achras zapota; (8) “olo zapote™; () Robinsonella mirandae; (10) Omphalea cardiophyiia; (11}

“eraspilio™; {12) Dipholis minutifiora.
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