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Use of leaf resources by 4 troop of howling monkeys and two colonies of leaf-
cufting ants was studied for an snnual cycle in the rain forest of Los
Tuxtlas, Mexico. Howling monkeys spent haif their apnual foraging time
feeding on leaves; leaficuttiing ants spent. at least $0% of their recorded
foraging time harvesting leaves. Both herbivores preferred young leaves
over mature ones, and chemical analysis showed that the protein: fibre ratio
of the leaves uged was correlated with these preferences. Howling monkeys
used 34 tree species as leaf sources. Leafcutting ants used 40 plant species
of which 38 were trees. Eighfeen species used by Alouatta were alse used by
Atta; species of Moraceae and Lauraceae were among the most important
in their foraging preferences™The plant species used by monkeys and ants
occurred at low densities (< 4.0 ind/ha). The seasonal production of leaves,
the high density of leaf.cutting ant colonies at the study site, and the high
amounts of young folisge harvested by the ants from tree species, and
individual trees used by howling monkeys as sources of young leaves sug-
gest that the foraging sctivities of Afta may represent a significant pressure
upon leaf resources avazlabie to Atouaﬁa.
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INTRODUCTION

Mmdpnmwsmthwgammthatmmthwmmoffmd
have received more attention by field primatologists than interactions with other
orgamsmsmtbwhxchspman&mmumsamshmﬁ.%hasledwthegemml
impression that primates exist in an ecological vacuuim, and much primate ecologi-
calbehawor,mdxasmgmgpaﬂmm,verﬁcal;nefmmman&mmuse, has

Jbeenexpiameds:ﬂelyasamsult of the features of exploited resources. This view is
incomplete, as pnmams are members of very complex ecological matrices, in which
" gther nonprimate primary consumers may occupy nof only the same habitat but
also the same (or overlapping) foraging niches: Primatologists must discard the
assamption that the elemenﬁal mteraction hetween pnma‘bes and their food sources
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ek ,phoe in an environment where they are virtually the only inhabitants. That
‘ primates of the tropical rain forest do not exist in an ecological vacuurn
small component of the biotic community has been pointed out only
Bourliére, 1985).
: %6 field evidence is available on interactions between sympatric species of
pnmates than between primates and other animal taxa. In the case of herbivorous
primates, a variety of coexisting organisms are relevant o the primate-plant inter.
action. Nonprimate organisms may interact with primates at the same trophic level,
and this interaction may influence primate behavioral responses to resource avail-
ability, but empirical evidence documenting this situation is scanty and at best
anecdotal feg, Glander, 1979; Young, 1982]. A pioneer quantitative comparative
study compared leaf.cutting ant (Afta colembics) and howling monkey {A. palliata)
foraging preferences in a Costa Rican dry forest {Rockwood & Glander, 1979]. Recent
attempts to detect the occurrence of potential interactions between primates and
other vertebrates sharing the same resources have been reported for another neo-
tropical forest [Estrada e al, 1984; Estrada & Coates-Estrads, 1985].

The leaves of tropical rain forest plants are a source of food for many organisms,
especially phytophagous insects. Phytophagous insects and pathogens were present
in the ecological scenario long before the first herbiverous mammals evolved [Scott
& Taylor, 1983; Southwood, 1985, and certain features of leaves [eg, plant defensive
compounds; Rosenthal & Jdanzen, 1979} are the consequence of an evolutionary
interaction that rendered leaves differentially palatable to herbivores. It is usually
recognized that young leaves are preferred by herbivorous animals over mature
ieaves because of their higher nitrogen and water content and because they are less
tough and fibrous {Feeney, 1970; Miiton, 1979; Coley, 1980; Glander, 1981). Mature
leaves may alsc contain substances that reduce digestibility such as tannins and
resins [McKey, 1979; Rhoades, 1979]. Thus herbivores are confronted with a food
source that is mechanically andfor chemically defended and that is produced
seasonally.

Some arboreal mammalian species have nonetheless specialized, in a more
recent evolutionary time, in the exploitation of leaves as an important complement
in their yearly diet {Eisenberg, 1978]. In nectropical forests, the howling monkey is
one of these mammals. This primate spends significant amounts of time feeding on
ieaves throughout the year {Glander, 1975; Milton, 1980; Gaulis & Gaulin, 1982;
Estrada, 1984]. Although its digestive system does not show the specialized adapta-
tions of some of the Old World leaf-eating primates [Bauchop, 1978; Milton, 1979,
1980}, they are nevertheless capable of digesting large amounts of leaf material due
to the fermentative action that takes place in their caecum, and by maintaining a
way of life that is energetically conservative [Glander, 1975; Nagy & Miiton, 19781
Young leaves constitute a major source of protein in the diet of this primate and
these monkevs move variable distances daily in search of particalar plant species
. [Flander, 1975, 1981; Milton, 1980; Gaulin & Gaulin, 1982; Estrada, 1984].
= = Herbivory studies indicate that insects are major consumers of Jeaves in tropical
: forests and that young leaves are eaten much more rapidiy than old leaves by
: herbivorous insecis [Coley, 1982]. Of the great variety of insects that use young and
.- raature leaves in the forest canopy, leafcutting ants may be ane of the most impor-
~tant removers of foliage in fropical rain forests {Rockwood, 1976; Cherret, 1968},
they alone harvest more foliage than all vertebrates combined [Leigh & Windsor,

1982].

.+ . Studies of fungus-growing ants of the genus Atta at various sites indicate that
- they display & strong inclinafion to harvest the young leaves of many plant species,
and that they are one of the most ubiquitous herbivorous insects i nectropical rain
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forests {Rockwood, 1976; Cherret, 1983; Hubbell & Weiner, 1983 ameng others).
Some of these ants tend to forage during the day {eg, Atte colombica; Taugo et al,
1973} while others (Atta cephalotes) are basically active at night [Cherret, 1968].

In the rain forest of Los Tuxtlas in southern Mexico, howling monkeys (Alouatia
palliata) share leaves as food with some vertebrates {Estrada & Coatés-Estrada,
19851 and with many insects including leaf.cutting ants. The aim of this report is to
present information on the use of leaf sources and preferred plant species by 2 troop
of howling monkeys (Alouatta pelliata) and by two mature colonies of leafcutting
ants {Atfa cephalotes). :

METHODS
Btudy Site

Research was conducted at the Estacion de Biclogia “Los Tuxtlas,” longitude
95° (4’ W, latitude 10° 34’ N, located in the eastern portion of the Sierra de Los
Tuxtias i southern Veracruz. The dominant vegetation type is tall evergreen rain
forest IMiranda & Hernandez, 1963]. Mean annual temperature and precipitation
are 27°C and 4,900 mm, regpectively {Estrada & Cosates-Estrada, 1983}

Subjects and Observations

Howling monkeys. One troop {troop 8) of howling monkeys (N =18) with
marked individuals was observed intensively in order to obtain monthiy records on
leaf-eating preferences. The feeding and ranging behaviors of the howling monkeys
were sampled on an average of 12 days (range 10-15 days} per month and behavioral
observations were evenly distributed from 06001800 hr. Focsl animal sampling
{Altmann, 1974] was the cbservation technique used. Focal samples were of vari-
able duration (3128 minutes; mean 28 minutes, N = 1450). These were evenly
distributed among individuals representing the following agefsex classes: adult
males, adult females, adult females with clinging infants, juveniles, and infants
abile to feed by themselves. In each focal sample the time spent feeding on leaves
was recorded with a wrist chronometer. The relative age (ie, young or mature} of
the leaves consumed was determined by their color, size (relative to other leaves)
and fexture {determined from leaves dropped by the monkeys) and was indicated in
the record. The height at which the individual monkeys foraged on leaves was
measured with 2 range finder. All trees used by Alouatta during observation were
marked, measured (height, DBH, crown cover), mapped, and identified where pos.
sible to genus and species. During troop progression, the distances traveled were
measured with & waist pedometer and checked against {racings on maps made from
aerial photographs. The number ofquaeirat.s 1 ha in size entered by the troop in a
year gave an estimation of home range size.

Removal rate {gm/dry weight) of foliage was calculated following food ingestion
rate values provided hy Milton ef al {1979] and Nagy and Milton {1978} regarding
basal metabolic rate requirements and energy metabolisin and assimilation of
Alouatta palliate in Panama. These constants were used along with data on biomass
(kg/ha) of howling monkeys at Los Tuxtlas [Estrada, 1982). Due to the great heights
at which the animals frequently foraged, there was a logical difficulty in measuring
{at least at our study site) the amounts of leaves ingested by howling monkeys.
Monkeys often ingested clusters of leaves that very likely varied in the number of
individual leaves. Thus, in view of this limitation, the constants provided by Nagy
and Milton {1979] were used as the best approximation for calculating mgestmn
rates of leaves by the members of troop 5.

. Leaf<cutting ants. Mature colonies (surface area > 20 m?) of leaf-cutting ants
were censused within an area 100 ha in size, which zncluded the home range of



54 / Estrada and Costes-Estrada

troop S, by wealking along east to west lineal transects spaced 50 meters from north
to south, When a colony was encountered, its surface area was measured {maximum
length, maximum width and perimeter in meters) and its location was indicated on
a map. Two active colonies (tolonies 2 and 4) of leafcutting ants separated by a
distance of 0.5 km were selected for intensive chservations on foraging behavior,

Each month 8-10 consecutive nights (4-5 per colony) were spent conducting
observations on plants used by the two colonies as sources of leaves. Although
records of the ants’ behavior were obtained between 0600-0100 hrs, observations
were concentrated between 1900-0100 hr because this was the time of peak forag-
ing activity. On each observation night, in both colenies, all foraging trails were
followed to the plants from which leaves, flowers or fruits were being harvested.
The plant was assigned a number and the foraging rate was calculated; all plants
were identified when possible, measured (DBH, total height, and crown cover) and
their location plotted on a map. Foraging rates were-measured by counting with a
hand-held taBy counter the number of laden ants (an ant carrying a piece of leaf
down the stem of the plani) per minute passing a fixed point on the plant. Flash-
{ight, binoculars and a range finder were used fo determine the height at which
plant material was harvested by the ants. Also the length of the foraging trails was
measured, and the direction of trails was determined with a compass.

For each plant used by the ants we collected 50 laden ants. The leaf fragments
were weighed before and after drying them at constant temperature 60°C) for 12
hr, Dry weight of leaf material and the density {mature colonies’ha) of Atta were
used to calculate the oversll removal rates of leaves (g per ha per year). Before
drying, the ares of each leaf fragment was measured with a Hewleti-Packard
digitizing tablet (HP 9111A). The values obtained were expressed as square centi-
meters or as square meters. Removal rates for some mdzvadual trees were calcu-
lated following similar procedures.

Sampling of Vegetation

To assess the density of plant species used by both herbivores in the forest, all
trees 2= 5.0 cm DBH were censused in three 1 ha (500 x 20 m) plots within the
home range of troop 8. In addition every two weeks, for a 12-month period, pheno-
logical censuses were conducted on every free 2 10.0 m in height (N = 312, 59
species) in each of the three 1 ha plots. The presence or absence of leaves was scored,
and, if present, the state of leaf maturation wasg noted.

Bampies of young and mature leaves of 30 plant species used by the monkeys
and of 24 plant species used by the ants were collected. Additional samples were
obtained of 20 plant species not used by Alouatta and selected randomly frem within
the home range of troop 5. Aszzmlarpmcetiumwasfollowed in the case of Atta:
leaves of 21 randomly selected plant species ndt used by the ants were collected from
within the territories of the two colonies. The collected samples were dried to a
constant temperature (60°C) for 24 hr. These samplés were subjected to chemical
analysis'at the Animal Nutrition Laboratory of the Veterinary School of UNAM to
determine protein content (N X 6.25) by the macro-Kjeldahl method and crude fibre
following the procedure described in Flores {1981} The results derived from four
_ replicates for each species were expressed as means {(+ SD).

RESULTS
Vertical Foraging Preferences and Plant Species Used

Alouatia, All plants in which howling monkeys were observed feeding on leaves
were trees (Table I). The height of these trees ranged from 10-43 m {X = 226 +



TABLE 1. Plant Species Used by Alonaita and Atta*

Alouattia .
Months Density Months Density
Rank Species used tind/ha) Spacies used {ind/ha}
1 Nectundra ambigens 13 118 Nectandra ambigens 11 i1.6
' {Lauraceae) (Lauracese)
2 Ficus spp. 12 1.3 Ficus spp. 12 L3
{Moracess} Moraceae)
3 Brosimum alicastrim 8 43 Pleuranthodendron 12 1.0
(Moracene) mexicanum
C {Flacourtiacone)
4 Poulsenia armate 8 36 Bursera simaruba 5 0.3
(Moracens) {Burseracene)
& Cordia mégalantha 5 0.8 Pseudolmedia oxyphyllarie 1 123
(Horaginaceae) {Moraceae)
8 Crataeva tapia 1 0.8 Paullinia pinnata® 2 NA
{Capparidacene) (Sapindaceas)
7 Ptérocarpus rohrii 7 3.3 Brosimum alicastrum 9 4.3
Geguminosas) Moracene)
8 Cecropia obtusifolia 8 30 Poulsenia armata 7 36
{(Moracene) (Moracese)
9 Dussgia mexicana 3 0.8 Turpinia sccidentalis B 286
(Legumincsae) {Staphyleaceas)
10 Guarea glabra 2 28 Faramea occidentalis 10 0.3
{Melincone) Rubiaceae)
i1 Pseudolmedia oxyphyliaria 3 12.3 Mortoniodendron 8 0.6
(Moraceae) guatemalense
{Tiliacese}
12 Dendropanax arboreus 1 5.0 Omphalea oleifera 10 1.0
{Araliaceae) {Euphorbiaceas)
13 Calatola laevigata 1 NA Dialium guicnense 4 1.3
(leacinacens) {Leguminosae) S
14 Diphkolis minutiflora 2 4.3 Robinsonella mirandae 4 1.6
" {Sapotaceae) Malvaceae)
15 Sapium nitidum 1 .6 DPendropanax arboreus 5 50
{(Eupherbiaceas) {Araliaceae)

{eontinued)



TABLE 1. Plant Species Used by Alonatia and Afa* (Conlinited)

Rank Alouatie Atta
: Density Months Density
" "Boecies tind/ha) Species used tind/ha)
18 Omphalea oleifera 18 Trichilia martiona 3 0.3
-{Euphorbiacene) (Meliacene)
17 Mortoniodendron 0.6 Pterocarpus rokrii 3 3.3
Sunternalense Geguminosae)
(TiHacene)
18 Lonchocarpus guatemalensis 1.3 Quararibes funebris 4 20
Jeguminoane) (Bombacacese)
4:] Spondias radikoferi 4.6 Trophis mexicana 3 NA
{Anacardiacoas) (Moracene)
20 Robinsonelle mirandae 1.0 Orthion oblanceolatum 8 08
(Malvaceae) {Violacese)
21 Cupania dentata 0.3 Couepig polyandra 2 0.3
(Sapindaceae) {Chrysobalanaceae)
22 Lysiloma bahamensis NA Heliocarpus appendiculatus 1 2.3
(Jeguminocsae} (Tiliaceae)
23 Senna multifuga 0.3 QOuotea dendrodaphne 2 ~ NA
Leguminosae) {Lauracese)
24 “Cregpilio” NA Pouteria zapota 2 0.8
‘ {8apotacene)
25 Cocooloba barbadensis 0.3 Rheedia edulis H NA
{Polygonaceae) (Gattiferae)
26 Cymbaopetalum baillonii 4.8 QGuarea grandifolia 1 20
{Annonaceae) (Meliacene)
»n Tetrorchidium rotundatum NA Ampelocera hottle 1 28
{Euphorbiaceae) (tNimacene)



28 Ficania platypus 0.3 Spondias radlkoferi 1 486
{Chrysobalanacese) {Anacardiacene)
29 Busera simaruba 6.3 Myriovarpa longipes 1 NA
{Burseraceas) {Urticacese}
30 Ampelocera hottlei 29 Manilkara zapota 1 NA
(UNmaceae) (Sapotacens)
31 Zanthoxylium hkellermanii 1.3 Cymbopetalum baillonii 4 46
{Rutaceas} (Annonacese}
32 Couepia polyandra 0.3 Mappia longipes 2 0.3
{Chrysobalanacese) (eacinacens)
33 Pouteric zapotc 08 Lunania mexicana 1 NA
{Sapotacene) : {Flacourtinceas)
M Eugenia sp. NA Guares glabra 2 28
{Myrtacese) (Meliaceae)
36 Rollinia jimenesti 1 1.3
{Annonaceae) _
36 Randia alaticarpa 1 NA
Rubiacese) '
a7 Salacia megistophyllo® 1 NA
(Hippocrataceae) )
38 Inga sp 1 0.8
{Leguminosae)
29 Eugenia sp. 1 NA
(Myrtacens)
40 Clarisia biflora b 1.6
{Moraceas}

*The importance rank of esch apecies, determined by percent of feeding tirne for howling monkeys and by the mean number of laden anta per minute for lealt
cutting ants {see text), is indicated. Species densities ohtained from vegetation censuses in three i ha plots and the number of months ench epecies was used
gi‘a source of leaves by each herbivore are also indicated.

innas,
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6.1} and DBH was 10-256 cm (47.6 + 28.6). Foraging heights ranged from 10-40 m,
but 83% of the records (N = 575) were scored between 16 and 30 m. Howling
monkeys spent almost equal portions of their feeding time eating leaves (46%) and
fruit (53%). Young leaves were preferred over mature leaves {36% versus 10%) and
accounted for 78% of Alouatta’s leaf feeding time. The monkeys were speciesselec-
tive in their leaf diet, using 34 species representing 21 plant famities (Table I). When
percent of total feeding time was considered, the most important plant families in
their leaf diet were: Lauraceae {one species), Moraceae dive species), Leguminosae
{five species), and Boraginaceae (one species), The mean number (4 SD) of species
used per month by Alouatic was 8.5 (+2.3; range 5-12). Five species could be
considered constant sources of leaves throughout the year since they were used
= 8.0 months. Seventeen species were used only one month and the remainder were
used from 2.0 to 7.0 months (Table I).

Vegetation censuses indicated that 95% of the species used by howling monkeys
occurred at densities € 4 individuals/ha, In only 3 months (May, July, and Decem-
ber) did the monkeys use (percent of feeding time eating young leaves} gpecies in
the proportion in which they occurred in their home range May r = 080 P< .05 N
= 12; July r = 075 P<.06 N = 12; December r = 696 P<.06 N = 7). The home
rangeoftmopSwasﬁehainsizeandthetroopmovedfmmﬁﬁtolﬁﬁ(}mwhen
foraging on leaves.

Atta. Censuses of mature colonies of ieafcuttmg ants yielded dens:tzes of 1.13
colonies/ha. Within the home range of Alouatta troop S, we detected the presence of
26 mature colonies of Atta cephalotes (Fig. 1). Two colonies selected for intensive
observations covered areas of 32 m? (colony 2) and 40 m? (colony 4), and the sizes of
their foraging territories were 1 ha and 2 ha, respectively.

All plants but two (ianas Pawllinia pinnata and Salacia megistophylla) used by
the leaf-cutting ants were trees. The trees used by Atta ranged in height from 3-36

m(X = 15.0 £+ 7.78) and in DBH from 5-200 em (X = 57.6 + 56.0). The heights at
which leaves were harvested ranged from 2.3-34m, but 78% (N = 3800) of the

+ Atta
-
it " -+
"
+ + + N -
14 -+ > N
4, + | -4
. + + ;’* +
+ -+ -
o

Fig. 1. Home range of troop § (ubout 60 ha) and loeation of mature colonies of Atta cephalotes. Colonies 2
and 4 were selected for intensive observations. Fach square = 1 ha.
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records occurred between 6 and 20 m. The harvesting of Young leaves accounted for
90% of foraging records and that of mature leaves for only 6% (fruits 3% and fowers
1%}, Leaf-cutting ants harvested leaves from 40 species of piants representing 25
families (Table ). In terms of number of laden ants, the most important plant
families were Moraceae (six species) Lauraceae {two species), Flacourtiaceae {two
species), and Burseraceae (one species),

Nine species were used by the two colonies for at least 8.0 months. Thirty-three
percent of all species were uged for only 1 month of the year; the remaining species
were used for 2.0 to 7.0 months. The mean {4+ SD) number of species used per month
by colonies 2 and 4 were 9.8 (4 3.5) and 6.0 (£ 0.8), respectively. On a monthly
basis, the harvesting of young leaves accounted for more than 80% of the foraging
records. Vegetation censuses indicated that 95% of the tree species used by the ants
oocurred at densities € 4 individuale/ha and no significant correlation was found
for any month of the year between the number of lader ants per tree species and
the densities of tree species. The highest correlation value was found in the month
of March (r = 0458 N = 15), but it was not significantly different from zero.

These results demonstrate the following salient points: 1) howling monkeys
and leafcutting ants used s limited number of species as sources of leaves, 2) both
displayed a preference for young leaves over mature leaves, 3) species of Moraceae
and Lauracese were among the most important sources of leaves to both herbivores,
4) there was no strong evidence that species were used in the proportion in which
they occurred in the forest; in fact, many of the most frequently attacked plant
species were those which are rarest in the forest, and 5) slthough use of species was
mainly seasonai, harvesting of young leaves was consistently more important over
time than the harvesting of mature leaves in the foraging preferences of both
herbivores.

Piant Species and Plant Part Overlap Between Afia and Alouatia

Eighteen (53%) of the thirty-four species used by Alouatfa as sources of young
leaves were aiso used by Atia {data from both colonies combined), Colony 2 shared
143 plant species with the monkeys, and colony 4 shared 12. In comparison, colonies
2 and 4 shared nine species. Ranking the species used by howling monkeys according
to percent of feeding time and those used by At#te according to the number of laden
ants resulted in significant Kendall Coefficients of Rank Correlation when data
from both colonies were considered separately and when they were combined (Table
1. For comparison, the Kendall Coeficient of Rank Correlation between colonies 2
and 4 was also significantly different from zero.

The ranking analysis and the chserved overlap at the plant species level leads
us to infer that monkey and ant foraging preferences were not very different. An
overiap befween ants and monkeys was also evident at foraging heights between 11

TABLE i1 Kendall Rank Correlation Coefficients Between Affa and
Alouatta When Species Used as Sources of Leaves Were Ruarked According
to Number of Laden Anis per Minute snd Percent of Feeding Fime,

Respectively
Coefficient of
rank correlation Probabitity
Comparison {1} )
Colony 2/MTroop 8 0.381 9.0505
Colony 4/Troop S 0.393 0.0315
Colony 2 and 4/Troop S - 0477 0.0030

Colony 2 ve colony 4 0.571 (.0239
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TABLE I, Convergence at Foraging Heights by
Howling Monkeys and Leaf-cutting Anitg

_ Alta - Alouatt

Heoight (N = 3,800) N = 575

ciass fm) {Percent) {Percent)
3-8 7 ]
8-10 by 1+
1115 28 T
16-20 24 36
21-25 5 n
2630 4 16
3135 4 é
3640 4 4

and 20 m. Fifty-one percent of the foraging records for ants and 43% of those for
monkeys were scored at this height interval (Table IIT).

Overlap at the Individual Plant Level Between Alouafia and Atta

A total of 12 individual trees (6 in colony 2 and 7 in colony 4) used by howling
monkeys as sources of young leaves were harvested for the same plant part by leaf
cuiting ants (Table IV; Fig. 2). These troes belonged to nine species, of which some
ranked highest in the foraging preferences of both herbivores (Table I). Harvesting
rates of leaves by Atfta at each of these 12 frees showed that the anis removed
significant amounts of young leaves during the total number of days in which they
were used. These rates varied from 0.02 kg dry weight (Poulsenic armate) to 7.78 kg
dry weight (Ficus sp.) (Table IV).

The analyses to this point have dealt with only the yearly totals of leaf parts
harvested and have ignored the seasonal variations in overlap in the use of species
sources of leaves, The mean (+ 8D) npumber of species per month shared by the ants
of both eclonies and howling monkeys was 4.3 [+ 1.8; range 2 (December) to 7 {(May)),
but the number of species shared in the period March to July was significantly
greater (¢ = 2,12, df = 10 P< 05) than that shared during the rest of the year.
Phenological records indicated that the number of species producing new leaves was
significantly greater between March and July (X = 46.8 + 14) than in all other
months (X = 288 + 6.4;t = 5.05, & = 10 P<.002). An index of foraging overlap at
the species level between howling monkeys and the two colonies of leaficutting ants
indicated higher overlap values between March and July then in other months
(Fig. 3).

Keaf Chemistry

Chemical analysis of the leaves used by howling monkeys showed that young
leaves contained significantly higher proportions of protein (dry weight) and signifi-
cantly lower fibre {dry weight) than mature leaves of the same species {Table V).
When these “positive” (protein} and “negative” (fibre; atiributes of the leaves used
by Alouatta were contrasted against those of leaves not used by the monkeys, we
found that while they did not differ in protein content, the former had significantly
iess fibre than the latter (Table V).

Young leaves harvested by Atta had significantly higher protein content and
less fibre than mature leaves (Table V), The analysis showed no significant differ-
ences in protein and fibre content between young leaves of species used and young
leaves of species not used by the leafcutiing ants. However, mature leaves of species
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Fig. 2. {8 Leafcutting ants laden with fragments of young leaves of Ficus sp. coming down the trunk of
the tree; (0) damage to young feaves by ieafcutting ants in a section of the crown of the same tree. This
tree was aiso used as a source of youny feaves by howling monkeys.

TABLE IV. Individual Trees Used by Howling Monkeys as Sources of Young Leaves and in
Which Leaf-cutting Ants Were Observed Harvesting the Same Plant Part

Crown

Bpeciesitree {m* Colony DPays® kg® m% Months?
Ficus sp. 176 4 26 T4 332 5
Poulsenia armata A 4 G 1.7 7.7 3
Poulsenia armata 19 4 1 0.62 0.08 H
Brosimum alicastrum 177 4 4 0.28 1.2 i
Nectandra ambigens 133 4 8 18 72 4
Mortoniodendron

guaternalense 95 4 4 08 259 2
Pierocarpus rohrii 154 4 & (14 1.3 1
Pterocarpus rohrii 133 2 6 0.8 38 3
Nectandra ambigens 133 2 5 2.1 12.1 2
Bursera simaruba 50 2 12 7.4 329 4
Diglium guianense 133 2 19 5.6 24.9 . 4
Manilkara sapota 133 2 4 0.2 1.2 H

“"I‘ota.l number of days in which the ants were obsorved foraging on the tree.
kg dry wt of leaves estimated as follows: Ficus sp 2688 {aden ants) x 02 {gmiragment) = 51.9 gm/130
{minutes of sampling} = 0.39 gm x 60 {gm per hour) = 23.9 gm x 12 {12 hour activity per 24 hours) =
287 pm x 26 {number of days of records on antd using this tree} = 7.4 kg,
“Area removed fmm the tree estimated as follows: 7.4 kg x 1,000 = 748(} go/.02 (gm per fragment) —
374 600 X .89 em” {mean area of each fragment) = 332 860 cmv10,000 em” {one square meter} = 33.2 m?
“Nunber of months tree was used.



Fig. 3. Seasonality in overlap (CC) at the species level between howling monkey troop S and leafcutting
ant colonies 2 and 4 in the use of leaf sources {CC = index of foraging overlap at the species lavel = Z5xy
{spories in common between two subsequest monthelSx (species o month A) + Sy (species in month Bil
A value of zero and of 1.0 for the index indicates no overlap and 0% overlap respectively. Also shown is
the lesf phenology (hroken line) of 59 tree species in the forest of Loe Tuxtlas. The values for this curve
refer to the percent of species, out of a tetal §9, recorded every month in three one-hectare transects,
which had young leaves {6 x 100 = 60%).

TABLE V. Results of Chemical Analyses in Which Protein (N x 6.25) and Crude Fibre
Content Were Determined in Leaves of Plant Species Used and Not Used by Alonatta and

Afta
N Protein (N x 6.25) - ¥ibre (percent)
Alouatia
Young leaves '
Used 30 171} t=867 214 } t=2.1
Not used 20 1847 P=25 2641 P<l
£t=32 t=19
P<O05 P02
Mature leaves .
Lised a0 129 } t=.74 26.6 } t=.24
Not used 20 143} P=22 2111 P=A0
Atta
Younyg leaves
Used 24 164 } tiid 23t t=88
Not used 21 185 =.07 250} P10
t=26 t=2.1
P« 00B - Pcil
Mature leaven B i :
Used 24 13.3} t=.41 208 } t=18
Not used 21 1387 P45 2381 P< 2
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not used by A#ta had significantly lower fibre content than that of mature leaves
they harvegted (Table IV), - _

A higher content of protein and a lower content of fibre in leaves was, appar-
ently, a factor contributing to their selection by both herbivores.

DISCUSSION

Although leaf-cutting ants exploited some leaf resources in the forest understory
{< 10 m in height) which the monkeys ignored, they also intensely harvested the
leaves of tree species of the mid and upper canopy (= 10 m in height). Although
some of these species were not used by Alouatie (eg, Pleuranthodendron mexicanum)
others (eg, Ficus spp., Nectandra ambigens) were among those ranked highest in
their leaf diet. These findings disagree somewhat with those of Rockwood and
Glander [1979] in a Costa Rican dry forest, where they found that Atte colombica
and Alouatta palliata differed significantly in plant species used and plant parts
expioited. These contrasts could be atiributed to differences between Ata colombica
and Atte cephalotes in the requirements of the fungi cultured and/or to differences
in structure and species composition between the two forests,

At Los Tustias there are approximately 250 species of trees (M. Martinez,
personal communication) of which 14% were used by leafcutting ants and howling
monkeys, indicating foraging selectivity by these two herbivores. These species
represented a broad spectrum {4+ 30%;) of 75 families of trees known to occur in this
forest. Although species of the ubiquitous families Moraceae and Lauraceae were
particularly important in foraging preferences of howling monkeys and leaf-cutting
ants, these herbivores shared species of other families. Species differed, however, in
their relative importance (percent of feeding time or mean number of laden ants).
For example, Bursera simaruba, a low-ranking species in the leaf diet of howling
monkeys, ranked fourth in the foraging preferences of Atta.

‘While both herbivores selected leaves with high protein and low fibre content
there are other elements, such as plant secondary metabolites {McKey, 1979; Rosen-
thal & Janzen, 1979; Milton, 1979, that are known to contribute to the selection of
foliage by herbivores. Qur preliminary analyses of alkaloids in the leaves of plants
used by Alouatia at Los Tuxtlas showed that the majority of the species examined
(N = 17} had only moderate to low amounts of the compounds {Estrada, 1984).
Selectivity in gpecies used and the action of gut microorganisms in detoxification of
secondary metabolites have been suggested as measures that circumvent the prob-
lem of secondary compounds in plant parts eaten by leaf-eating mammals [Janzen,
19781. It has been proposed that this is also an important reason why leafeutting
ants culture fungus {Cherret, 1980] and couid explain why leaf-cutting ants at Los
Tuxtlag preferred mature leaves of spedies containing a high fibre content.

Both monkeys and ants displayed a seasonal convergence in the use of species
as sources of leaves. The observed “peak” in overlap corresponded with the produc-
tion of new leaves by many species in the forest (March-July). Since leaf flushing
may iast only days to a few weeks for many species, this narrows the opportunities
for a herbivore to locate these new leaves. Furthermore, leaves remain young for
only s short time after which they undergo morphological and mechanical changes
that modify their palatability {Milton, 1979; Coley, 1880L The low density of plant
species and the temporal patchiness of young leaves may prompt leafcutting ante
to harvest leaves assiduously from selected trees and to switch frees and species
within a few days and/or weeks, These same factors may induce howling monkeys
te display a similar behavior in their leaf diet over short and long time periods and
to travel variable distances daily to encounter new leaves.
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Resource Depression by Afla

In the evergreen forest canopy of Los Tuxtlas tisere are many more insects that,
together with leafcutting ants, use leaves as food sources, causing complete or
nearly complete defoliation of individual plants. These insects most commonly are
moth larvae (Lepidoptera), adult beetles {Coleoptera), Orthoplera, and various groups .
of Homoptera. A great deal of foliage is taken by thousands of species of herbivorous
insects. Ingects make holes and nefches in leaves, mine in leaves, scrape epidermis
off leaf surfaces, cut leaves off, etc, {Janzen, 19831 The majority of these insects are
characterized by populations that fluctuate significantly on a seasonal basis (eg,
Sphing moth larvae, Urania fulgens larvae, ete), and most are host-specific with
respect to the species attacked. These insecis represent a large biomass with a much
higher turnover rate than vertebrate foliveres and which exiract more from the
ecosystem per gram of animal biomass {Janzen, 1983]. In contrast, leaf-cutting ants
are not hostspecific and are active all year round; they hence conduct & more
sustained defoliating activity than do some other insects and monkeys. Mature
colonies of leaf-cutting ants may have from 650,000 to 5,000,000 ants fLewis et al,
1974; Martin et al, 1967; Weber, 1982]. Conservative estimates from Panama report
that these insects take from 80-300 kg of leaves per hectare per year {leigh &
Windsor, 1982]. At Los Tuxtlas we have estimated that Atta cephalotes harvests
from 90-140 kg (dry weight) of leaves per ha per year, whereas Alouatta palliata
consumes from 12-383 kg {dry weight) of leaves/hafyr {Estrada & Coates-Estrada,
1985; unpublished datal.

Leaf-cutting ants may affect, through their defolinting activities, the availabil-
ity of another very important food item to howiers: fruit. Among the most important
impacts of defoliation in tropical trees is that it results in failure $o produce fruit
{and seeds) or failure fo sexually reproduce in the following eycie fRockwood, 1873}
Among the eleven species ranked most important in the howling monkey leaf diet
are six of the most important in their fruit diet [Estrada & Coates-Estrada, 1984}
The leaves of several of these species were harvested by leaf-cuiting ants, causing a
significant loss of foliage to the trees,

At Los Tuxtlas A. palliats is the most important arboreal mammalian folivore.
The sloths (Bradypus and Choelopus) do not occur in Mexico. Their northernmost
extension in the neotropics is in Honduras, Therefore, at Los Tuxtlas, howling
monkeys face very little feeding overlap with other leaf.eating vertebrates, including
Iguana iguana [Estrada & Coates-Estrada, 1985]. Feeding overlap with leafeating
invertebrates is evidently a more important atiribute of the ecological scenario in
which A, palliata occurs in southern Mexico.

At a broader level, our results suggest that not only phenological and demeo-
graphic aspects of the plants have an important effect upon the ranging and foraging
behaviors of leaf-eating primates, but that the spatial and temporal predictability of
palatable immature leaves may be lowered by the foragmg activities of other leaf.
eatmg orgamsms

CONCLASIONS

1) Leafcutting ants are a conspicuous eiement in the hainzat oorupied by
howling monkeys at Los Tuxtlas.

2) Since they harvest young leaves of plant species and mdlwdzzal plants used
by Alouatta, leafcuiting ants may exert important pressures upon leaf resources
available to howling monkeys.

3) Resource depression by ether leaf.eating organisms in the forest canopy,
coupled with plant atiributes such as density, leaf phenology, and leaf chemistry,
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may contribute to spatial and temporal variations in foraging preferences and

ranging behavior of leaf.eating primates.
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