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_Fruit Eating and Seed Dispersal by Howjing Monkeys
(Alouatta palliata) in the Trop&cat Rain Fotkest of Los Tuxtlas,
Mexico

Awawmo_mix AND ROSAMOND_ COATES-ESTEADA
Estacitn de Biologte Tropical “Los Tustlts,” Instituto de Biologla, Universidad Nacional
Arténoma de Méxica, San Andrés Tuxtln, Veraoruz, Mexico

The frugivory and ranging habits of howling monkeys living in the rain
forest of Los Tuxtlas, Veracruz, Mexico, were studied for 5 consecutive years
with the aim of investigating the role of seed dispersal agents played by the
howling mionkeys. The howling monkeys’ consumption of fruit occupied half
of their feeding’time, and B0% of this time was spent feeding on mature
fruit. Observations confirmed use of 19 tree species and a preference for a
few species of Moracese and Lauracere, Fruit exploitation was very sea.
‘sonal; only two species provided fruit year-round. Home range size was
about 60 ha, and animals in the troop (N = 18} showed a day range of 10
893.m. Monthiy collection of fecal samples during 2 years indicated that
80% of the seeds (N = 7,828) in the samples belonged to eight tree species
m&mmmtherestbeiwge&mwmdenaﬁedspmofm
Germination success for the seeds in the feces was about 60% and for control
seeds was 35%. Howling monkeys created diverse seed shadows in the
vicinity of their leaf and fruit sources, and while they dispersed the seeds of
’ somepiantspw&s,theyalsopmdmedagmatdeaiof&wtandswd waste
for others, . .
Key words: howling monkeys Alouawt pallmta, seed d:spersa! rain fonest, Veracruz,
Mexico
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addition, it has been reporfed recently that tropical frugivores play an important
role in secondary succession and in maintaining the compositional heterogeneity of
tropical forests {Fleming & Heithaus, 1981; Howe & Vande Kerckhove, 1979, McKey,
1975; Hartshorn, 1880].

The quantitative studies on seed dispersal in rain forest ecosystems have concen-
trated on frugivorous birds and bats feg, Snow, 1971; Morton, 1973; Howe & Esta-
brook, 1977; McDiarmid et al, 1977; Cruz, 19880; Fleming & Heithaus, 1981; August,
1981; Morrison, 1980]. Many primates use fruit as an important element in their
yearly diet, and troops range over variable distances; but, with a few exceptions
{Hladik & Hiadik, 1969; Licherman et al, 1979; Cant, 1979; Howe, 1980; Mygkin &
Fischgrund, 1981; Mittermeir & van Roosmalen, 1981}, studies of frugivpry in
primates have viewed the process of fruif eating as feeding behavior per se and not
as a process involving the dispersal of geeds.

One of the most ubiquitous arboreal mammals in the Neotropical rain forest is
the howling monkey. This primate, one of $he largest arboreal mammals, lives in
small permanent social groups and has a diet congisting primarily of leaves and
fruit. Depending on locale, the howling monkey's diet may be dominated by leaves
{Glander, 1975} or equal proportions of leaves and fruit [Milton, 1980; Estrada,
1983].

In the area of Los Tuxtlas, Veracruz, Mexico, we made observations during 5
consecntive years (1978-1982) of howling monkeys’ fruit-eating habits. Specifically,
we attempted to defermine 1) fruiteating preferences; 2} the diversity of the fruit
diet; and 3) dispersal of the seeds of the tree species they exploit as fruit sources.

METHODS
Subjects and Observations

- Pirect field observations on the feeding behavior of a froop of howling monkeys
(Alouatta palliota) consisting of 16 animals were carried out monthly for 5 yesrs
starting in September 1877. The feeding and ranging behavior of the howling
monkeys-was sampled an average of 12 days (range 10-15) per month, and the
samples were distributed from 06001908 hr. The time spent feeding on various
plant parts was recorded and measured with the aid of a wrist chronometer, and
data were taperecorded in the field. Randomized focal animal sampling was the
observation technique employed {Altmann, 1974},

* Home range was determined following the procedure described in Estrada {1982,
1983} The distances travelled by the monkeys between food sources were measured
with the aid of a pedometer attached to the observer’s waist, and the readings were
checked against daily tracings on maps. Since the quadrats inte which the troop’s
home range was divided contained clusters of trees used by the howling monkeys,
these were considered us equivalent o food paiches in which food availability varied
in time. With the datd available from 1978..1982, an attempt was made to measure
themcarrentuse offoo&pabchesandoftree spemaebyﬂze monkeysyearmyear

sw@sue R

Research “was camed out'at the Estac:én de B:aiogfa 'Los Tnxtlas ? longitude
9504°W IatltudeﬁM"N located in the-eastern poriion of the Sierra de Los
“Tuxtlas range; an srea of voleanic origin dominated by the San Martin Volcans in
the southern portion of the Mexican state of Veracruz. The reserve covers an area of
706 ha, which connects with 10,000 ha of rain forest extending toward and around
the San Martin Volkano. The domipant vegwtatzcn type is the high evergreen rain
forest [Miranda & Hernandez, 1963].
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The climate of the area is hot and hamid with a mean annual temperature of
27°C (range 17-29°C). Although it rains throughout the year, there is a “wet
season” (X = 486.25 : 87.0'mm) from June to February and a “dry season” X =
11170 + 117 mn) from March fo May; mean annual pmc:pitatwn is 4 800 mm (N
= 10 years) ffor further details see Esbrada 1982,1983).

Plant Resources

Buring our field observations, every tree used by Alouatta as s food source was
marked, mapped, and identified. Trees blonging to the genus Ficus were grouped
under Ficus spp. due to lack of adequate taxonomic information. Trees were located
on @ scale map (1:7,000), and a grid with ts 1 ha i} size each was superimposed
on it. Maps of each quadrat with details were made to obtain a more precise location
of each tree and of the monkeys’ movements within their home range,

"The abundance of the tree species used by the animals of the focal troop was
calculated by censusing alf trees 2 10 min height in three i-ha belt transects (20 x
500 m).

Fecal Samples

Between January 1980 and January 1982, samples of the monkeys’ feces were
collected from the forest floor and/or from the vegetation during each of the monthly
sampling periods. The samples were examined under a microscope, and the seeds
were counted, measured (ength in millimeters), and most of them were identified.
The seeds found in these samples were used in germination experiments. After
January 1982, samples of feces were collected until December 1982, Some of these
samples were used in germination experiments where the entire fecal specimen was
planted. For all the fecal samples collected, a record was kept of the Jocality of the
collection (ie, the tree used by the Alouatta when they defecated).

Seed Germination Experiments

The seeds recovered intact from the feces were planted in plastic pots filled with
forest soil. These pots were placed on a table, covered by 2 roof, at the forest edge
and were watered daily. The number of seeds planted per pot ranged from 1-30
depending upon the seed size. Seeds of five Moraceae species were also separated
from ripe fruits retrieved from the forest floor. These seeds were used as controls,
planted under the same physical and light conditions #s the defecated seeds.

. In some cases the monkeys only removed the pulp from the fruit and dropped
the seeds under the parent tree; germination of one such species was studied using,
respectively, seeds handled by Alouatta and seeds without the pulp removed.

In a third experiment, entire fecal specimens from the samples coliected between
February and December 1982, with the seeds untouched, were planted under the
same conditions. Weekly censuses were conducted fo record germinations, and the
seeds remaining in each pot were counted at the end of each experiment.

Seed and Seedling Mortality of Selected Tree Species *

-Beed density, seed mertality, and seedling density and mortality under the
shadow of the tree’s crown were measured in two tree species in the monkey’s fruit
diet: Brosimum alicastrum and Pseudolmedia oxyphyllaria These gpecies were se-
jected becsuse 1) they produced fruits with one relatively large seed {10-20 mm)
that allowed repeated censuses (something practically impossible to do with the
seeds of Ficus spp. and of Cecropia obtusifolia that produced fruits with hundreds of
smadl (£1.0 mm) seeds), and 2) they represented two af the most important tree
species in the Alouatte fruit diet.
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. Five fruiting trees of each of these two species were selected at the beginning of

the fruiting season. These trees were selected because thsey had been used by the
howling monkeys as a source of fruit. Three plots of 1. m? each were randomly
~ located under the crown of each tree. Fifteen square meters weré oénsused month!y
for each species. The censuses lasted 8 consecutive months, and in each 1- m? plot
the number of seeds and of emerging seedlings were counted.

RESULTS
Plant Species Used

The howling monkeys used 19 tree species of the middle and upper levels of the
forest as a source of fruit (Table I). Only two were secondary growth species { ecmp;a
obtusifolic and Spondias mombin). Alouatta spent 80% of their feeding Yime on
mature rather than green fruit. _

When the 18 species were ranked by the percentage of time they spent feeding
on each gpecies, it was found that five species accounted for 90% of fruit eating
(Tabie D. These species belong to two families, Moraceae and Lauraceae. The Mora-
ceae was the most important family for fruit; it was represented by five species (all
of whose seeds were ingested), which accounted for 83% of the howling monkeys’
feeding time on fruit, while the Lauracese with one species accounted for 9%.
However, seeds of Nectandra ambigens were never ingested.

The seeds recovered from the feces indicated that the howling monkeys used 15
additional plant species as a source of fruit. The majority, however, were vines and
lianas, and the number of seeds representing them contributed fo only 5% of the
total number of seeds (N = 7,928} found in the fecal samples between Januvary 1980
and Janvary 1982,

TABLE I. Tree Species Used by the Howling Monkeys as Sources of Fruit Ranked in Order
of importance in Their Diet (% of Feeding Time)

No. of
months
Percentsge used  Relative Selectivity Seed
of feeding  (per density(Rd} index siremm
Species Family time (Ft)  year) {i/ha) (F/Rd) X (length)

Ficusspp. (N = 3)  Moraceae 4993 12 14 3418 15
Poulsenia armata  Moraceae 12.50 7 490 226 8.0
Brogimum - Moraceae 16.10 3 4.0 3.13 175
alicastrum - : '

Nectandrg ambigens Lauraceae 905 7 8.0 056 2L5
Cecropia obtusifolia Moraceae 865 12 . 80 288 1.5
Pueudolmedia . Moraceae . 285 2 . 156 0.13 10.9
Cordia sp. Boraginacese 195 5 10 195 5.0
Dialism gumem Leguminosae 173 4" 14 123 50
Ampelocere hotilei  Ulmaceae aare L4B 2. .32 . 046 s
Spondias mombin  Anscardiaceae 0.59 2 45 0.12 5.0
Dipholis minutiflora Sapotawae " - 045 I 0.3 150 15.0
“Olo zapote” T 042 B R - 40.0
Pouteria Sapotame . 025 . 16 0.25 30.0

mnpechlam_ : - . ‘

Belotic mexicana  Tiliaceae 0.20 A 10 018 2.0
Guarea chichon Meliaceae .02 2. 21 5.58 10.0
Manilkare sapota Sapotaceae = 012 1 — o 200
Bursera simarubc  Burseraceae - 0312 1 0.3 0.4 8.4
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Seasoml:ty in the Use of Fruit Sources

Onlythespemesofthegewa]f‘wusand Cecropia were used in every month of
the year by the howling monkeys (Table I}'fourotherspemeswmuse&for 24"
months of the year indicating seasonality in 90% of the plant species used as a
source of fruit. The number of species used per month ranged from 2-10 (X = 5.3 +
3.0), and the number of months each was used ranged from 1-12.

While overall dietary diversity (H') measured by Shannon’s function {Pielou,
1977 wag 177, the intramonthly dietery diversity ranged from 0.69.2.20. The
maurkedly higher value of H' for the period April-Asgust (Fig. 1) stresses the marked
seasonality in fruit eating.

An index of dietary overlap between mbnths was ua!clllated using the coefficient
of community “CC” [Pielon, 1975; Fleming, 1979}, which ranges from 0 to 1.0
indicating null to 100% overlap. The monthly index for Alouatia preferences ranged
from 0.50--1.0, with the least variation found in the period April-August Fig. 1),
which epincided with the time when fruit consumption of the Moraceae species was
the most important feeding activity in the howling monkeys.

Home Range and Ranging Patterns

The size of the home range of the troop was estimated at ca 60 ha [Estrada,
1983}. The ranging paiterns of the Alouatte within their home range were strongly
influenced by the availability, search, and exploitation of fruit (especially mature
fruit). For example, a significant correlation was found between food patch (quadrat
1 ha in size), diversity ('), and time spent feeding on fruit {r, = 056, P <05, N =
12), and between the fotal number of trees marked (N = 500) per species between
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Fig. 1. - Dietary diversity (H) and dietsry werlap {CC) over the months of the year in the fiuit diet of
howling monkeys.
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1978-1981 and percentage of time feeding on fruit {z, = 0.96, P < (05}, indicating
that, over time, the addition of quadrats used and of trees exploited was intimately
linked fo the monkeys' search for fruiting trees. The data from the vegetation
census md.tcased that localized exploitation of frmtmg trees was usual; 80% of the
tree species Alouatta used occurred at densities of 4.0 or less individuals per hectare.

A tree species selectivity index (which weighs the relative density and relative
utilization of the tree species by the monkeys) indicated a marked selection (values
> 1.0} for the most important species in their fruit diet (Table I). This preference
was especially biased toward trees of Ficus spp. The howling monkeys responded to
the spatial and temporal distribution of their sources of fruit by travelling distances
that varied from day to day and that ranged from 10-893 m (X = 147.80; 1\ = 650
Ainstances of travel scored).

Year to Year Consistency in Use of Tree Species and Food Patches

When we examine the howling monkeys’ preferences during the major fruit-
eating season, we find a strong similarity (043 € CC <€ 1.0) in each month from
year to year (1972-1982) (Estrada, unpublished data). The mean overlap obtained
for only the Moraceae species was 0.87 4 0.09, 015 € CC < 1.0, while the
remainder of the species showed a mean of 0.1B (8D + 0.28,0 < CC < 067

The data on the ranging patterns of the Alouatta showed that the similarity
(CC) in the use of particular food patches {quadrats 1 ha in size each) in specific
areas within their home range ranged from 0 (August 1978 vs August 1979) to 0.86.
The null overlap between August 1978 and August 1979 is due to the fact that the
Alouatta used some patches 1 month earlier in 1979 as & result of an earlier
production of fruit by the trees of some species.

Seed Germination Experiments

From the fecal samples (N = 250) collected between January 1980 and January
1982, 7,928 intact seeds were recovered and planted. Seed size ranged from < 1.0t0
355 mm (X = 8.0) for all species together. Fifty-seven percent of the seeds from the
feces (N = 7,928) germinated, while only 35% of the control seeds (N = 750)
germinated.

Ninety-five percent of the intact seeds in the feces belonged to nine species and
5% to & chuster of unidentified species (Table i), Germination success ranged, for all
of the identified species, from 9% (Dialium quianense) to 100% (Brosimum alicas
trum and Guarea chichon}) For the unidentified species, germination sucess was
40%. .

A comparison of the control versus the treatment seeds indicated that in all
species tested, except Brosimum alicastrum, germination success was significantly
higher for seeds passed through the monkeys’ digestive tract (Table I),

in the case of the feces planted (N = 100), T7% showed some germination,
ranging from 50-100% of the seeds present in each of the samples. The seeds of the
Hana Abufa penamensis whose pulp had been removed by the howling monkeys
displayed 80% germination (N = 52), while those planted with the pulp intact
achieved only 33% germination (N = 50),

. Germination velocity in the control and treatient seeds ranged from 24 to 81
days and from 18 to 67 days, respectively. When the number of days to germination
is considered in the case of the most important plant species in the Alouatta diet for
the treatment and control seeds, we found in three species no significant differences
{Table II). In the others there was a significant difference that ranged from less time
{Poulsenia armata) to more time (Cecropia obtusifolia) to germination.
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TABLE H. Results ot' the Germsination Expenments in Seeds Ingested by the Howling
Monkeys and in Control Seeds

tage of seed : Germination

germination control Treatment Control
Species from feces Ny {%) (N} (days) (days} P
Ficus spp. - 801 {4.800) 18.3 (200} 36 34 NS
Cecropia 576 {2,334) .5 {200} 37 28 008
chtusifolia
Poulsenia 220 { 100 G 106 66 w08
armatc P sl '
Pseudolmedia 606 ( 80 80,8 o &7 81 NS

oxyphylloria

Dialium 9.0 { 30 NA - 78 - o
guianense
Broesimum 0.6 { 83 94.5 {100} 18 24 NS
alicastrum
(fuarea chichon 060 { 30 NA — 43 e -
Abuta 80.8* ( 52¢ 333 (500 39 67 008
panamensis
*Frijol negro” 9.9 { &N NA - 20 b -
“{Inidentified” 403 { 365) NA — — o -
Total X 56.9 {7,928) 35% (750
*Seeds dropped, not defecated.
YPulp not removed.

*Difference from control significant at P = 0.01 or better.
NA, Control seeds not available; NS, not significant.

Seed and Seediing Mortality Under the Parent Tree

‘The results of the census of the seeds and of emerging seedlings of the trees of
Brosimum alicastrum and Pseudolmedic oxyphyllaria indicated, in general, that for
both species there is a high mortality over time of seeds and seedlings under the
crown: of the parent tree (Fig. 2). In the case of Pseudolmedia oxyphyllana, the
censuses indicated that of a combined crop of 2,262 seeds recorded in the 16 m ? plots,
only 4% (N = 98) passed to the seedling stage; of these, only 16% (N == 16) remained
alive at the end of the eighth census. Of the remaining seeds (N = 2,164), by the
sixth census all had disappeared or were destroyed in situ by fungi and invertebrate
predators (Fig. 2). _

In the case of Bresimum alicastrum, while of 2 combined crop of 1,895 seeds
where 63% passed to the seedling stage, at the end of the seventh census only 6% of
the seedlings remained in the plots. Of the remaining seeds (N = 703), at the end of
the seventh census none remained (Fig. 2).

FaodPassage Rates and Distance Seeds Were 'I‘ransported

Food passage rates were measured in two captive howling monkeys (male/
female) using a mixed diet of figs and Cecropia obtusifolia to which an artificial
colorent was added. The mixed leaf-fruit diet replicated their daily diet, which
consists of leaves and fruits in varying proportions [Estrada, 1983; Milton, 1980].
‘Time of first appearance of colorant material in fecal matter ranged from 15-22 hr
(X = 18 hr) [see Milton et al, 1980, for similar findings in Central America).

Since the howling monkeys of the study troop moved at least twice a day, early
in the morning (0500-0900) and late in the afternoon (1700-1800), the distances
they travelled after eating firuit could then be considered the distances they trans.
ported the seeds,
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Fig. 2. Survival of seeds and seodlings of Brogsimum alicestrum and Pseudolmedia oxyphyllaria under
the crown of the parent tree, The total area sampled was 15 m? per species (5 trees per species),

While the distance travelled sfter eating fruit varied from 10.914 m for all
species (X = 214.47 m; N = 650), for those species whose seeds are in fact dispersed
by the howling monkeys (ie, the five Moraceae), the distances ranged from 10-811
m (Table II). The smallest distances were obtained for the pioneer species Cecropia
obtusifolia and the maximum in the range for Poulsenia armata. The figs, Brosimum -
alicastrum, and Poulsenia armata had similar average dispersal distances. However,
the seeds of Pseudolmedia oxyphyllaria had the largest mean dispersal distances
(Table I, o o o .

: D;migy B I

The number of fecal samples deposited per tree species ranged from 1-65 X =
16.5). The number of species represented in each ranged from 1-11 (X = 4.83), and
seed load diversity (F') ranged from 0-2.40 (X = 1.24) (Table 1ID). In addition, data
on aii the fecal samples collected (N = 314) between January 1978 and December
1982 show (Table IV) that the proportion of conspecific seeds deposited in the vicinity

“TABLE L Dis(anmSeeds of Eacl't Species Were Dispersed by the Howling Monkeys
Species - - X¢m). 8D Min {m) Max{m) - N
Ficus spp. . o dsea w2 T 10 5828 200
Poulsenia armata .~ 10247 e 12 8112 100
Brosimum ~ = . ¥ 2> 427 13 650.0 82
alicastrum 0 1 oie e A

Cecropic obtusifolia =+ 71294 336 10 100.8 48
Pseudobuedm il 18680 118.2 . 30 3208 28
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of the trees in 7T9% of the cases (N = 19 species) was @ and in trees of only four
species conspecific seeds were present in the feces but in very low proportions that
ranged from 0.34 to 50% (Table IV) of the total number of seeds recovered in each
case. That is, in very few cases were seeds deposited that corresponded to the identity
of the trees where howling monkeys defecated; instead, the majority belonged to
“foreign” species. '

Some examples of the spatial distribution of trees of some of the most popular
species in the howling meonkeys’ fruit diet and in the vicinity of which fecal samples
were collected are shown in Figures 3 and 4, where it is very suggestive that the
monkeys are contributing to the floristic hetemgene;ty if the forest.

DISCUSSION

Our results showed that Alouatte displayed 1 marked preference for a particular
group of plant species exploited for fruit. Among these species, those belonging to
the Moraceae and Lauraceae plant families stand out both in the intensity with
which they were used and in consistency of use yearfo-vear in the fruit-eating

TABLE IV. Parameters of Seed Loads (Feces) Deposited in the Vicinity of Trees of 21
Species by the Howling Monkeys

Percentage No. of
of seeds fecal  Species
No.of No. and tyge of same samples diversity
Species frees® of species species (N} collected H'
Ficus spp. 10 10@sApFRCIS, 53 (234D 46 230
i1Fn4,13)
Nectandra ambigens 11 9{FP3,Ap,15, ¢ { 1,480) 40 2.26
_ 9.9P:.C40
Poulsenia armata 7 16{Ap¥Fnl1l, 34 { 4,087) 42 2.30
P,F.Ps,86,C)
Brosimum alicastrum 13 1BFRPCSES, 17 (4,298, 65 240
Fn,Ps,D,10,15) .
Cordia sp, 5 5(C.F,B,P.z) 0 { 1,153 19 161
Cecropia obtusifolia 1 3(CFa 34 { &9 5 110
Pseudolmedia i1 (F} ; 0 { 320 3 0
oxyphyllaria L L S
Pterocarpus hayessi 2 2 {P&, 12} 0 { 6) 2 0.69
Bipholis minutifiora I 4FCGD 0 { 739 17 1.3%
Ampelocera hottlei 2 6(PLApFL 9 ( IH) 9 1.78
Robinsonella mirandae 2  36G#nll) g { 20 8 110
Ulmus mexicana * I 8FCH i) ¢ 1,736} 9 1.10
Coccoloba barbadensis 1 8ApF20PT 0 ( 2,018 21 1.79
Sapium laterifiorum i, 4PFuF6) ) { 24 8 1.39
Spondias mombin . I 2(FAp) 0 ( 11 1 069
Manilkara sapota I 36r8 1] ( 63 4 L0
Dendropanax arboreus I 1’ 0 { 500} 5 1]
Zanthoxyllum 1 2D K] { 43 3 0.69
kellermanni - SN R I . _
“Crespills” .~ = .. 1 .2 (C,F) 0 { 90m 1 069
Total o .- ., 83 e (20,300) 314
Means S ,.4.53 S 65 124
33,2?‘ w‘“‘“‘m"‘““fﬁ,‘mm Ap, Ab ¥, Fi P, Poulse
es in BRI 174 . ier
armat; C, Ceeropia obtusifolia; Fo, “meﬁmtmum Bonamenals B Picus opp. By Poulsenia

Guarea chichon. Numbers indicate soeds of unidentified apecies.
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Fig. 3. a) Seeds of wpexcies defecated in the vicinity of trees of Brosimum clicastrum (B). The grid
{quadrats | ha in size each) represents the howlers® home tee 60 hw). O, Ficus spp.; &, Poulsenia
armata; (21, Cecrapla obtusifelia; B33, Pseudolmedia P, thmgnmmré Abuta
pamme risis; 2, ikl negro”. Notethatmtaﬁcfthewafmndmtheﬁw&impl«mlmiudedm
these figures due to lack of space. b) Seeds of species defecated in the vicinity of trees of Poulsenia armata.
Mfw&u&mm&ﬁe&amﬂ:t&ew&z&l(@)aﬂo&wwmdmatedhywb&ama).

season (April-October). This indicates that thase spec:es very likely constitute Al
cuafta’s “primary” sources of fruit, With respect to the other species inchuding the
15 unidentified species detected through the examination of the seeds in the fecal
samples, the monkeys probably behaved more like opportunistic frugivores [sensu
McKey, 1975}, exploiting these species when they were eneouzxtere& as the monkeys
searched for their “primary™ sources cf fnzzt. Ll
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Fig 4, Seeds of apocies defecated in the vicinity of trees of Ficus spp. Circles with cross and b}gnk vircles
stand for Ficus trees, Rest of species see Figure 3 a) for key to symbois.

The fact that exploitation of the majority of the fruit sources by Alouatte is
restricted to a few months in the year indicates the very sedsonal nature of this type
of food. This, plus the low relative densities of the free species used, reflects the
ability of howling monkeys to find individual trees of these species carrying fruit
during the year and bhetween years as suggested by the values of the dietary and
foraging patch overlap indices.

A brief review of the fruiting strategies of tropical plants by Fleming {1979}
indieated that fruit can occasionally be superabundant. At these times many species
of frugivores can feed at the same tree, but the fruit is often produced at slow rates
and in low quantities, a feature also observed in free species at the study site. By
selecting tree species that vary in relative density and in fruit producing strategies,
Alouatta can face seasonality in fruit availability, For example, the species of the
Moraceae used by the monkeys ranged in density, at the study site, from 1.33-13.67
individunls per hectare; and while some (eg, Ficus spp. and Cecropia obtusifolia)
produced fruit year round, others (eg, Poulsema armata and Brosimum alicastrum)
were seasongl producers of fruit. :

The posaibility that Alouatta were seen usmg these species because our sam-
pling took place in a highly productive year {as has been reported for the preference
for Tetragastis panamensis by howling monkeys in Panams [Howe, 1980]} is not
supporied by our ohservations of howling monkey feeding behavior over § consecu-
tive years and by the values of the overlap index. Instead, our data indicate that the
use of these species is not occasional. The consistency over time of this selectivity at
the species and individual tree level is an important aspect of the degree to which a
frugivere can be a reliable disperssal agant for a paztxaﬂar group of plants [McKey,
1975; Howe & Estabrook, 1977]. =~ ..

Survival of ingestad Seeds

The marked preference for mature fz'ult lmpines t.hat mostly mature seeds are
ingested by Alouatta The germination experiments clearly showed that the mon-
keys did not harm many of the seeds they ingested. They ingested seeds of various
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sizes representing several species, and in some cases germination velovity was
apparently affected by passage through the primate’s digestive tract. The micro-
scopic examination of Alouatin feces revealed that the seeds were usually “trapped”
in undigested fiber. The slow transit of food through their digestive fract suggested
that the seeds were subjected to a long mechanical and chemical treatment that
apparently was beneficial to seed survival and germination,

Experiments in Central America by Hladik & Hladik [1969] also indicated that
passage through the howling monkey digestive tract produced faster germination in
seeds of some tree species. Similar findings have been reported for birds [McDiarmid
et al, 1977} ingesting the seeds of Stemmadenia donnel-smithii and Coesarig corym-
bosa {Howe, 1977; Howe & Vande Kerckhove, 1979) and for bhts {Flemingd & Hei-
thaus, 1981} ingesting the seeds of Cecropia peltata and Solanum hozenii.

Seed Dispersal and Seed Shadows

The physiological feature of the slow passage rate of food through the monkeys’
digestive gystems and the behavioral feature that they move daily over varisble
distances between leaf and fruit sources strongly suggest that the seeds ingested are
likely to be deposited away from the parent tree, thus escaping high density depen-
dent mortality, and reach a habitat suitable for germination and growth [Denslow,
1980L This in turn suggests that Alouatte do not create dense seed shadows tike
some sedentary bird species do {Howe & Primack, 1975] when feeding at the tree.
Instead, like the more mobile bats and mobile bird species, they contribute to the
creation of large seed shadows for some species of tree,

Since howling monkeys feed on several sources of fruit per day or on consecutive
days, they seem fo bring a substantial number of “foreign” seeds to the vicinity of
other firuit and leaf sources, a feature also reported for frugivorous birds, bats, and
marnmals in Central America [Fleming & Heithaus, 1981; Fleming, 1979; Smythe,
1970; Janzen et al, 1976; Howe & Primack, 1975; Howe & Estabrook, 1977}, thus
creating “diverse” seed shadows fsensu Fleming & Heithaus, 1981)] around these
trees.

Mutual Benefits in the Interaction Between Alouatia and Plants

Howling monkeys at Los Tuxtlas are apparently acting as true dispersers for
some tree species as they ingest the whole fruit and defecate the seeds in conditions
suitable for germination. They also obtain a nutritious reward in the form of
carbohydrates, lipids, some protein, and minerals asa wnseqaeme of zngestw.g the
pulp. In this situation there is mutual benefit.

The selection of fruit by frugivores has been suggested to depend, as in the case
of foliage-eating, not only on purely nutritional atiributes [McKey, 1975; Howe &
Estabrook, 1977} but also on specific taste preferences, presence and concentration
of secondary cumpoxmds, and digestibility {Herrera, 19821 It is possible that the
selection of species whose fruits are consumed by Alouatfa is probably closely related
mfmdmgthebestmatchwﬂmmmqumtsfavomgthwepiantspemesthat
produee the most nutritionally rewarding fruit. .

- There may be some disadvantages to howling monkeys due to the ingestion of
nut:titionaliy irrelevant seeds, as it ocours in frugivorous birds where additional
ingested seeds represent undesirable ballast. However, our chservations and the
large size of Alouatta suggest the following assumptions reasenable; 1) the seeds
ingested may not represent a significant part of the nutritionally irrelevant matter
more importantly represented in their diet by the undigestible fiber of fruits and
leaves [Milton, 1979); 2} the additiona! ballast repregented by the small seeds has
ne apparent. effect on their movements; 3) they are capable of ingesting more fruit/
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seeds in & single meal than a bird or a hat; 4) they have a slow food passage rate
that ensures that the seeds undergo a treatment that our data indicate is beneficial
for survival and germination; and 5) the seeds are deposifed away from their source
of origin. These features may make howling monkeys more “efficient” dispersal
agents than the smaller volant vertebrates.

Fruit Waste

While the howling monkeys are in effect dispersing the seeds of some species, in
Sipenaoco- thracwn-cpl Jfithe peringuitbard ingnotinnenf thrsasd naciria grr oo grpeitiveg

effect on seed survival and germination. Our data for Brosimum alicastrum and
Pseudolmedia oxyphyllaria suggest, howeyer, that t.h& act of dropping the seed
beneath the parent tree may not be epough to eliminate the density dependent
factors affecting seed and seedling survival unless the seed is dispersed by ferrestrial
agents,

A gresat deal of fruit waste is caused by Alouotta for large seeded species and for
others whose seeds they disperse, Aloustta is one of the largest arboreal mammals
{mean weight = 7.5 kg) at Los Tuxtlas. Due to its movements while foraging in a
particular tree crown laden with mature fruits, howling monkeys produce a “light”
or & “heavy” rain of ripe fruit £ the ground, therefore making fewer seeds available
for dispersal not only by thern but also by birds, bats, and other mammals that may
use the same free. In the case of large seeded fruits (> 40.0 mm; Table D, the
howling monkeys eat only & portion of the pulp, dropping the fruit with the seed
under the parent tree, an act that also causes a rapid attack by fungi and predators
on the seed.

The most drarmatic case of seed waste is that of Nectandra ambigens, whose
fruits Alouatta find especially attractive during the months of September and Octo-
ber. The seeds are not ingested, as the monkeys eat only the thin pericarp and drop
the seed under the parent tree. Nectundra ambigens produces massive crops of fruits
every 2 years (A.E., personal observations); the foraging activities of 4 louatia causes
a “heavy” rain of ripe fruits to the ground, making fewer seeds avaijlable for
dispersal by large birds such as toucans and oropendolas (R.C.E., personal cbserva-
tions). Therefore, in spite of the fact that from vear to year the howling monkeys
revisit the areas where clumps of trees of these Lauraceae occur, the eating of the
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4. The exploitation of fruit is very seasonal, and the troop’s home range wasg ¢s
'60 ba. Alouazta travelled dzatances between frult sources that rangad from 10-893
m

- 5. Fifty-seven percent of the seeds recovered fmm tize feca} sampies gerxmnated
while only 35% of the control seeds (N = 750) germinated, °

6. Food passage rate meagured in two adult howling monkeys was 18 hr, and
dispersal distances for seeds ranged 10-.811 m.

7. Howling monkeys displayed a recurrent use of tree species and food paiches
year-to-year {1978-1982), indicating reliability of visitation at fruiting frees from

" season to season.

8. Seeds dispersed were deposited in the vicinity of trees bf 21 tree sp&::les that
howling monkeys used as sources of leaves and/or fruit, thus contributing to the
surrounding floristic heterogeneity.

9. Assumptions abouf primates acting as seed dispersal agents should be sup-
ported with field data demonstrating seed viability after ingestion, animal move-
ment away from the fruit source, and data on food passage rates.
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