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Classic optimal foraging theory has assumed that energy is the
currency being maximized and that the cost-benefil constraints
primarily consist of handling and search time (Estabrook and
Dunham, 1976; Schoener, 1971). These assumptions appear justi-
fied when considering foraging strategies of predators or animals
foraging on plant nectar (Pyke et al., 1977), but there are problems
M in applying them 1o herbivores. For example, Westoby (1974)
states that the objective of large generalist herbivores is o obtain
an optimal mix of nutrienls. Freeland and Janzen [1974) generated
a set of hypotheses aboul mammalian herbivore feeding strategies
in response to plant secondary compounds. It is difficull to apply
any of these models to primates because so few data are available
on either the loxic or nutrient constituents of primate food. Hladik
et al. (1971) provided the nutritive value of some fruits and a few
,w leaves eaten by Barro Colorado Island primates. Coelho et al.
(1976) reported the nutritive value of some fruit eaten by Guate-
malian black howlers (Alouatta pigra). Oates et al. (1977) dis-
cussed the effect of tannin and alkaloids on the feeding behavior of
black-and-white colobus monkeys (Colobus guereza), and McKey
et al. (1978) reported the impact of phenolics on the feeding behav-
ior of black colobus {C. satanas). None of these studies, containing
information on either nutrients or toxins, tests optimal foraging
theories. It is only recently that Hamilton et al. (1978) extended
the theory of optimal diets to the omnivorous chacma baboon
(Papio ursinus).
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Foraging Behavior

Presented here are data from my longitudinal study of man-
tled howling monkeys (Alouatta palliata Gray) which concen-
trated on the feeding behavior of one group of howlers. The results
indicate that the howlers maximized their intake of total protein,
water, and all amino acids except isoleucine, as well as minimized
their intake of crude fiber, ash, and plant secondary compounds.
They also appeared to obtain an optimal mix of specific amino
acids. All of this was accomplished by adjusting their diet compo-
sition according to tree phenophase availability and chemical
content.

The Study Site

The study site was located on Hacienda La Pacifica, Guanacaste
Province, Costa Rica (10°28'N and 85°07'W). La Pacifica is a 1330
ha cattle ranch located 45 m above sea level, 5 km northwest of
Canas. It lies within the lowland tropical dry forest life zone
{Holdridge, 1967). Utilizing naturally occurring lines of demarca-
tion based on tree phenophases, the study area was divided into
riparian and upland forest (Glander, 1978). These areas were quite
dramatically different in the dry season when the green foliage
near the river was in striking contrast to the bare branches of the
upland trees (Fig. 11-1). The total study area was 9.9 ha (4.8 ha
riparian and 5.1 ha upland).

Every tree over four meters tall in the 9.9 ha home range of the
study group was marked, identified as to species, measured as to
total height and canopy depth, and mapped to within + 5 m. At the
end of the 1972-1973 study there were 1699 trees, representing 96
species, 79 genera, and 37 families in the study area (Glander,
1975). Table 11-1 lists each species utilized by the howlers and the
number of trees of that species present. A total of 992 trees made
up the riparian forest and 707 trees were located in the upland
forest.

Species composition and phenological response of the two
forest types were different (Glander, 1975). Some tree species
with representatives in both riparian and upland forest demon-
strated different phenologies, depending on their location. (For a
more detailed description of the rainfall patterns and temperature
fluctuations, see Glander, 1978.)
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Figure 11-1. Aerial view of the study area looking south: A. wet season;
B. dry season. Note the distinct difference between seasons and between
upland and riparian forest during the dry season.

Subjects and Behavior Sampling Method

The study group consisted of two adult males, six adult females,
and five juveniles. Four infants were born during the study. Only
the adults will be considered here to eliminate possible effects of
maturational requirements. The number of days each adult was
the focal animal and the total number of observation minutes for
each adult are given elsewhere (Glander, 1978). One individual of
the group, designated as the focal animal (Altmann, 1974}, was
observed each day. These individuals were preselected by random
numbers. Daily data collection was initiated prior to sunrise and
terminated at sunset. A total of 1853 hours of adult animal obser-
vation was accumulated during 152 days from 1 September 1972
to 23 August 1973. The average observation day lasted 12 hours
and 11 minutes. Such continuous observation was possible only
because a second observer was present. The focal animal was in
view 96.3 percent of the observation time. The contact time is an
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Table 11-1. Tree Species List, Ranked by Total Feeding Time.

B A
Feeding Percent of Percent of  Selection
Rank Species Time  Total Feedtime # Present  Total Present Ratio B/A  Tree Parts Eaten®
1. Andira inermis 3118 12.15 28 1.65 736 NI Le, Pu
2. Pithecellobium saman 2577 10.04 11 .65 1545 Le, NI, Fl, Fr
3. Pithecellobium longifolium 2033 7.92 16 .94 843 NI, FI
4. Anacardium excelsum 1855 7.23 68 4.00 181 Pd, Pe, Fl, N|, Le
5. Licania arborea 1812 7.06 29 1.71 413 NI, Fl, Le
6. Manilkara zapota 1587 6.19 7 41 1510 FI, Fr, NI, Le
7. Astronium graveolens 1401 5.46 18 1.06 515 Le, NI, Pe, Fr, Fl, Pu
8. Pterocarpus rohrii 1209 4.71 4 .24 1963 NI, Le
9. Muntigia calabura 967 3.77 9 .53 711 Fr, Le, Nl
10. Ficus glabrata 910 3.55 2 12 2958 NI
11. Lonchocarpus nitidus 871 3.40 97 5.71 60 Fl, N1
12. Spondias mombin 843 3.29 20 1.18 279 Fr, Pu, Le, N}, Fi
13. Bursera simaruba 694 2.71 19 1.12 242 Le, NI, FI
14. Mastichodendron tempisque 523 2.04 6 .35 583 Fl, NJ, Le, Pe, Fr
15. Spondias nigrescens 428 1.67 10 .59 283 Pu, NI, Pe, Fr, F], Le
16. Luehea candida 426 1.66 54 3.18 52 FI, NI
17. Schizolobium parahybum 360 1.40 6 .35 400 Fl, Fr, Pe, NI
18. Gliricidia sepium 343 1.33 149 8.77 15 Le, F1, NI
19. Enterolobium cyclocarpum 341 1.33 13 .77 172 Le. NI, Pu, Fl
20. Myrospermun frutescens 317 1.24 24 1.41 88 Le, Fl, NI
21. Cecropia peltata 287 1.12 4 .24 467 Fr, Pe, NI, FI
22. Tabebuia ochracea 240 .94 32 1.88 50 Fl, NI, Pe
23. Luehea speciosa 231 .80 2 .12 750 FI, NI, Le
24. Dalbergia retusa 221 .86 20 1.18 73 Fl. NI
; 1, Fl, Le
25. Albizzia adenocephala 173 '{?7 1 4'2(1) “:; I:r' Le
26. Eugenia salamensis 171 67 72 ‘29 224 N Fl, Le
27. Inga vera var. spuria 168 .65 : 3'77 16 NI, Fl, Le
28. Hymenaea courbaril 159 .62 64 11'60 5 Fr
29. Cordia dentata 153 60 197 '18 267 Le. Ni
30. Trichilia cuneata 124 48 3 2'00 24 NI, Fr, Fl, Le, Pe
31. Tabebuia rosea 120 47 34 12 383 FL. NI
32. Lonchocarpus hondurensis 118 .46 ) 2 1.82 s Le. NI, Fr
33. Spondias purpurea 112 44 o 1.41 29 NI Fl, Le
34. Lysiloma seemannii 104 -:41 24 ‘24 154 Le. NI
35. Zanthoxylum procerum 94 -37 4 '53 68 Fr, NI
36. Coccoloba caracasana 92 '355 9 '12 267 Fr
37. Byrsonima crassifolia 73 -‘:” 2 '71 38 Le, FI. NI, Pe
38. Trichilia sp. 69 .27 12 '29 - 45 NI Le
39. Acosmium panamensis 33 13 5 .06 183 Ni
40. Ficus ovalis 28 11 ! '41 24 Fl
41. Lonchocarpus costaricensis 26 10 7 '41 29 F1. Le
42. Chlorophora tinctoria 24 10 7 2.47 4 Le
43. Cordia alliodora 23 09 12 '35 20 Fl, Le, Pe
44. Cordia panamensis 19 .07 6 '24 29 Le. NI Pe
45. Sterculia apetala 18 07 4 1'00 7 Le
46. Calycophyllum candidissimum 18 .07 17 11‘83 ] Le. NI
47. Guazuma ulmifolia 17 .07 201 1~77 3 Fl. Pe
48. Cochlospermum vitifolium 16 06 30 '94 5 Le, Pe., NI
49. Sloanea terniflora 14 05 16 4 21 Le
50. Bombacopsis quinata 13 05 . '47 11 Fl
51. Cedrela mexicana 13 05 8 '12 33 NI
52. Bourreria quirosii 11 04 ‘2 ", NI
. g .04 6 35 1
53. Ceiba pentandra
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pedicel;

indication of the extraordinary observation conditions and the
success of team observation.

A continuous record of all behaviors involving the focal ani-
mal was made. The three major behavior categories used were rest,
travel, and feed (Glander, 1975). Two behaviors could not be in
progress simultaneously. If the focal animal was resting and then
began to feed, the resting behavior was terminated when feeding
began. Thus, the beginning time for feeding served as the ending
time for resting. Ad libitum sampling (Altmann, 1974) was per-
formed opportunistically.

To facilitate unambiguous recognition, the animals were cap-
tured and unique collars placed around the females' necks. The
adult males could be easily identified and the infants and juve-
niles could be distinguished by their close association with their
mothers (sce Scott et al., 1976, for capture and marking tech-

niques}.
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Chemical Analysis of the Food

Fresh plant samples were collected and immediately dried in elec-

tric drying boxes. A comparison of before and after weights

yielded the water content of the samples. All analyses described

below were done on the dry plant material. For the alkaloid

determinations aliquots from 80 percent ethanol extracts were
subjected to an acid-base-organic solvent-acid procedure to re-

move impurities and the residue then tested with Mayer's reagent
(Farnsworth, 1966; Fong el al., in press). A ferric chloride-gelatin-
salt block procedure was used to determine absence or presence of
phenolics in an aliquot from the 80 percent ethanol extract (Farns-
worth, 1966; Fong et al., in press). Ferric chloride distinguishes
between hydrolyzable and nonhydrolyzable tannins. The amount
of acid-detergent fiber and ash in the plant material was deter-
mined by the method of Goering and Van Soest (1970). A Beckman
automatic amino acid analyzer was used to determine protein.
Exactly 50 mgs of plant material was hydrolysed in 0.5 ml of 3N
mercaptoethanesulfonic acid at 110°C for 22 hours (Penke, et al.,
-1974). Each sample was analysed for 16 amino acids (no analysis
was done for tryptophan and cystine). The summed amounts of the
16 amino acids were used to indicate the total protein.
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(Continued)

57. Thouinidium decandrum

58. Cordia collococca
+59. Diospyros nicaraguensis

54. Guettarda macrosperma

55. Carica papaya
"The tree parts eaten are arra

60. Simarouba glauca
61. Casearia arborea
62. Genipa caruto

Pu = pulvinus.

56. Chomelia spinosa

Table 11-1.
Rank
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Foraging Behavior
Food Selection

Tree Species

The howlers did not select food from all of the tree species present
in their home range. They utilized 62 of the 96 tree species and 26
of 37 families. The distribution of feeding time for the tree species
is shown in Table 11-1. The fact that the top 15 tree species
(ranked by feeding time) accounted for 81.2 percent of the feeding
time suggests differential selection of the tree species by the howl-
ers. Is this related to differential availability of the species? Are
the 15 top-ranked food species also the most abundant? They are
not. In fact, feeding time was negatively correlated with tree
abundance; i.e., the more common a tree species was, the lower the
feeding time (r, = —.287, n = 62, p <.05).

Selection ratios comparing tree species availability with feed-
ing time also indicate a marked selection of uncommon trees (sce
Table 11-1). The selection ratio was computed by the formula
B/A X 100: where A is the number of individuals of a tree species
present in the study area expressed as a percentage of the total
number of trees of all tree species present; and B is the number of
total feeding minutes in a tree species expressed as a percentage of
all observed feeding minutes in all tree species. The large ratios
for rare species such as Ficus glabrata (two trees present}, Ptero-
carpus rohrii (four trees), and Albizzia adenocephala (one tree)
indicate that they were utilized much more than the common
species such as Guazuma ulmifolia (201 trees) and Cordia dentata
(197 trees). Both the selection ratios and the negative correlation
between tree density and feeding time demonstrate that the howl-
ers did not obtain their food from the most common ree species in
their home range, but instead exploited relatively rare species.

Individual Trees

The howlers obtained all of their food for the 12-month study
period from 331 different trees, or 19.5 percent of all trees avail-
able to them. In fact, 88 of the 331 food trees accounted for 20,270
of the total feeding time of 25,653 minutes. Thus, 79 percent of all
feeding time occurred in 5.2 percent of the available trees.

It was clear that the animals were selective within a tree
species, often utilizing only a few individual trees for food and
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ignoring others of the same species. This was particularly true for
mature leaves of Bursera simaruba and Gliricidia sepium. The
howlers ate mature leaves from 6 of 19 B. simaruba and 12 of 149
G. sepium. Was this feeding pattern related to the chemical char-
acteristics of the plant material?

Chemical analyses demonstrated that there was seasonal and
intraspecific variability in nutrient and secondary compound con-
tent (Table 11-2). For example, leaves of tree #692 ((. sepium)
demonstrated seasonal differences in the presence of tannin.
Leaves of tree #465 (Ficus glabhrata) showed the same seasonal
fluctuations for alkaloids. In addition to these seasonal differ-
ences, there were polymorphisms within tree species. Leaves of
adjacent G. sepium trees (#1086 and #49) differed in alkaloid and
tannin content. The howlers ate only G. sepium leaves without
alkaloids and either no tannin or the more easily degraded hydro-
lyzable tannins. G. sepium leaves containing alkaloids were
avoided. However, secondary compounds alone are not sufficient
to explain the howlers’ seleclivity within and between tree species
since they ate Pithecellobium saman leaves containing both alka-
loids and nonhydrolyzable tannins (see Table 11-2). Nutrient con-
tent, particularly specific amino acids, must be considered.

One-way analysis of variance tests were run on mean amino
acids, total protein, water, crude fiber, and ash content. These
results are presented in Tables 11-3-6. All new leaves had more
water, methionine and lysine, and less crude fiber than all mature
leaves {Table 11-3). The other three tables consider mature and
new leaves in terms of whether or not the howlers ate them.
Ingested mature leaves contained more of all amino acids except
isoleucine, more total protein and less crude fiber than those
mature leaves not eaten {Table 11-4). There was no difference
between mature leaves that were eaten and new leaves that were
eaten except for water content {Table 11-5). Mature leaves that
were not eaten had less water, total protein, methionine, lysine,
glutamic acid and proline, and more crude fiber than new leaves
that were eaten (Table 11-6). Finally, the digestibility coefficient
(D.C.) of total protein (Glover and Duthie, 1958b} for all mature
and new leaves was not significantly different, but the D.C. for
those mature leaves eaten was significantly higher than for those
mature leaves not eaten (F = 15.93, p <.001).

" These results indicate that there are relatively few nutritive
differences between mature and new leaves when all of the leaves
in the forest are considered; however, they also indicate that the
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Table 11-2. Chemical Results (%'s)".

Total
Tree Crude Protein Digestibility
Species Number Season  Year Phenophase Fiber  Ash mg/100 mg Water  Alkaloid Tunnin Coefficient
Andira inermis 1076 A dry 77 NI 24.43 .18 14.65 73 none hydrolyzable 69.1
38 D wet 76 Le 34.91 .96 12.20 65 none  nonhydrolyzable 58.9
700 A dry 77 NI 56.03 175 11.55 68 none  none 44.2
700 D wet 76 Le 58.85 2.02 10.38 57 none  nonhydrolyzable 0.4
Anacardium excelsum 6 D wet 76 Le 34.57 170 7.12 63 none hydrolyzable 49.3
Astronium groveolens 47 A Dry 77 NI 25.19 .66 14.00 75 none  hydrolyzable 67.7
16 A wet 76 Le 31.58 1.01 8.19 50 none hyvdrolyzable 53.8
Cecropia peltata 62 D dry 76 Le - - 9.57 - ++ - -
62 D wet 76 Le - - - 65 none nonhydrolyzable -
62 A wet 76 Ni 36.70 1.63 8.60 67 none - 51.4
62 A wet 76 Fr 59.03 1.80 8.07 78 none hydrolyzable 35.7
62 A wet 76 Pe 49.37 .76 4.37 80 none none 30.8
Ficus glabrata 465 D dry 76 Le - - - - + - -
465 D wet 76 Le . - - 63 none  none -
465 D dry 77 Le 31.23  5.50 7.08 65 - - 51.4
Ficua ovalis 1600 D wet 76 Le 46.71 .65 8.66 71 none none 45.0
Gliricidia sepium 49 A dry 76 Le - - 15.82 - none - -
49 A dry 77 NI 20.05 .82 - 80 none  none -
533 A wet 76 Le - - 16.50 76 none  hydrolyzable -
654 A wet 76 Le 31.74 45 16.70 76 none  none 66.7
659 A wet 76 Le 3043 1.01 15.39 66 none noanhvdrolyzable 66.1
692 D wet 76 Le - - - 77 + nonhydrolyzable -
692 D dry 77 Le - - - 67" + none -
692 D wet ‘76 NI - - -- - ++++  none -
1086 D dry 76 Le - - - - ++ - -
1086 D wet 76 Le - - - - none nonhydrolvzable -
Hymenaea courbaril 84 D wet 76 Le 49.36 .94 7.50 52 none  hvdrolvzable 40.7
309 D dry 77 NI 46.97 .80 11.26 64 - - 19.6
309 D wet 76 Le 57.34 .82 9.54 52 none nonhvdrolyzable 39.9
Licania arborea 706 A dry 77 NI 38.16 1.75 7.80 73 none  none 48.7
712 D dry 77 Le 34.31 19.49 5.57 48 none nonhydrolyzable 45.3
Luehea candida 216 D wet 76 Le 41.12 .76 8.79 64 none nonhydrolyzable 48.3
Pithecellobium longifolium 31 D dry 76 Le - - - - ++ - -
31 D wet 76 Le - - - - none nonhydrolvzable -
31 D dry 77 Le 34.47 .63 12.30 49 ++ nonhydrolyzable 59.4
31 A dry 77 Ni 33.75 1.75 13.17 - - - 61.2
100 D wet 76 Le 67.48 .78 12.93 58 ++ nonhydrolyzable 38.8
727 D wet 76 Le - - - 58 + nonhydrolyzable -
727 D dry 77 Le 1.57 - 52 none  none -
Pithecellobium saman 352 A dry 77 Le 81 14.75 " - - 61.3
401 A dry 77 NI .35 16.36 73 + hvdrolyzable 72.7
747B A dry 77 Le 1.51 10.95 37 + nonhvdrolvzable 54.7
747T A dry 7 Le 7 10.76 63 + nonhvdrolyzable 56.9
747 A dry 77 Fr .38 10.56 69 - - 64.3
747 D dry 77 Pe 41 6.22 57 - .- 39.3
Tabebuia ochracea 214 D wet 76 Le 94 11.01 57 none  none 42.5

°All percentages except water are for dry weight. Digestibility coefficient = 36 « 42 log C P. - .65 C.F. {Glover and Duthie. 1958b) A = ate: D = did not eat: Le = mature leaves, NI = new
leaves: Fr = fruit: Pe = petiole; - = data not available: + (number of pluses may be an indication of increasing amounts of alkaloids). The total protein was determined by adding the
mg 100 mg of each amino acid detected by the amino acid analy zer.

’
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Table 11-3. Chemical Test Results for All Mature
and New Leaves'.

Component N Muature leaves N New leaves p
Water 21 59.86 £ 7.75 10 71.40 £ 3.86 ool
Fiber 31 43,19 + 11.55 16 33.71 £ 10.77 *x
Ash 31 1.73 * 3.42 16 .96 + .57 ns
Protein 33 10.60 % 3.04 12 12.03 £ 3.76 ns
Methionine 33 .19 £ .06 12 .24 + .09 H
Lysine 33 .73 + .26 12 93 £ .30
Threonine 33 .52 + .15 12 .58 + .18 ns
Valine 33 .63 * .20 12 56 £ .27 ns
Isoleucine 33 .48 * .16 12 .53 + .22 ns
Leucine 33 99 + .27 12 1.10 + .44 ns
Phenylalanine 33 .67 + .20 12 64 + .21 ns
Histidine 33 .27 £ .11 12 33 .11 ns
Arginine 33 .64 * .21 12 .83 £ .25 *
Aspartic Acid 33 1.17 £ .36 12 1.37 + .48 ns
Serine 33 .57 £ .17 12 64 £ .23 ns
Glutamic Acid 33 1.21 + .34 12 1.36 * .46 ns
Proline 33 72+ .22 12 .89 + .28 *
Glycine 33 62 + .17 12 .68 + .25 ns
Alanine 33 .66 £ .18 12 73 £ .28 ns
Tyrosine 33 .56 + .17 12 .64 + .28 ns

*Values are means + standard deviation. All but water are percent dry weight.
*ns = not significant; * = p < .05; ** = p< 01; *** = p<.001; **** = p < .0001.

howlers are eating only the highest quality leaves. Their food had
significantly more nutrients than the nonfood items and was more
digestible.

Yearly Feeding Pattern

The total feeding time was subjected to a multifactorial ANOVA
designed for unequal subclass numbers. The model contained main
(sex and season) and nested (animal within sex, quarters within
seasons, and months within quarters and seasons) effects {Table
11-7).

There were no significant differences for feeding time be-
tween individual animals or sexes and no significant interactions
(Table 11-7). Seasons and quarters within seasons (late wet quar-
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Table 11-4. Chemical Test Results for Mature Leaves
That were Eaten and not Eaten®.

Mature Leaves

Component N Edten N Not Eaten P
Water 6 64.33 + 9.05 15 58.07 * 6.67 ns
" Fiber 11 37.54 + 5.84 20 46311281 ¢
Ash 11 .85 + .54 20 2.22+4.20 ns
Protein 14 12.39 + 3.11 * 9.36 £ 2.30 e
Methionine 14 .22+ .07 19 .17 £ .03 b
Lysine 14 .85 + 28 19 .64 + 21 *
Threonine 14 .61+ .15 19 .46 * .10 ikl
Valine 14 72+ .22 19 .56 + .15 *
Isoleucine 14 .53 + .18 19 45 * 13 ns
Leucine 14 1.11 = .30 19 .90 X .20 *
Phenylalanine 14 .78 + .23 19 .58 + .14 **
Histidine 14 33+ .1 19 22+ .08 e
Arginine 14 .75 + .25 19 .56 + .12 *
Aspartic Acid 14 1.40 £ .35 19 1.01 + .26 e
Serine 14 .69 .15 19 48 £ 12 il
Glutamic Acid 14 1.41 £ 36 19 1.06 + .25 bl
Proline 14 .85 £ .18 19 .63 + .21 *
Glycine 14 73+ .17 19 55 + .12 >
Alanine 14 77 £ .18 19 .59 * .15 *
Tyrosine 14 .65 + .16 19 49 + .16 b

“Values are means + standard deviation. All but water are percent dry weight.
"ns = not significant; * = p < .05; ** =p < .01; *** = p<.001; **** = p<.0001.

ter = September, October, November; early dry quarter = Decem-
ber, January; late dry quarter = February, March, April; early wel
quarter = May, June, July, August) had significant effects on
feeding time. Even monthly feeding time differed significantly. In
fact, a Duncan Multiple Range lest {Fig. 11-2) showed that divid-
ing the year into quarters and/or seasons may be useful to the
observer, but it almost certainly is not the way howlers perceive
food availability, judging from the amount of time they spent
feeding. Their monthly feeding pattern as depicted in Figure 11-2
shows no relationship to seasonal or quarterly divisions. They
spent the same amount of time feeding in January, February and
March (dry season months) as in May and July (wet season
months). Similarly, feeding time in June and August (early wet
quarter months) did not differ from that of September, October,
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Table 11-5. Chemical Test Results for Mature and New
Leaves That were Eaten’.

Mature Leaves New Leaves

Component N Eaten N Eaten p°
Water 6 64.30 + 9.05 10 71.40 + 3.86 *

Fiber 11 37.54 + 5.84 16 33.71 £ 10.77 ns
Ash 11 .85 + 54 16 96 + .57 ns
Protein 14 12.39 + 3.11 12 12.03 + 3.76 ns
Methionine 14 .22 + .07 12 .24 + .09 ns
Lysine 14 .85 + .28 12 .93 + .30 ns
Threonine 14 .61 % .15 12 .58 + .18 ns
Valine 14 72 + .22 12 .56 + .27 ns
Isoleucine 14 .53 + .18 12 52 + .22 ns
Leucine 14 1.11 + .30 12 1.10 £ 44 ns
Phenylalanine 14 .78 £ .23 12 .64 + .21 ns
Histidine 14 33 + .11 12 33 + .11 ns
Arginine - 14 .75 £ .25 12 .82 £ .25 ns
Aspartic Acid 14 1.40 + .35 12 1.37 * .48 ns
Serine 14 .69 + .15 12 .64 £ .23 ns
Glutamic Acid 14 1.41 % .36 12 1.36 + 46 ns
Proline 14 .85 £ .18 12 .89 + .28 ns
Glycine 14 .73 + .17 12 .68 £ .25 ns
Alanine 14 .77 + .18 12 73 + .28 ns
Tyrosine 14 .65 + .16 12 .64 £ .28 ns

*Values are means * standard deviation. All but water are percent dry weight.
*ns = not significant; * = p < .05; ** = p< .01; *** = p<.001; **** = p < .0001.

and November (late wet quarter months). Figure 11-2 does show
that the feeding time during the months of January (dry) and May
(wet) differed significantly from that of August (wet) and Novem-
ber (wet).

While the total feeding time may or may not have differed
from month to month, the amount of time spent ingesting the
various phenophases differed greatly (Fig. 11-2). For example,
the total feeding time for January and May was the same, but the
distribution of feeding time on the four phenophases was differ-
ent. Similar differences can be seen throughout the figure. Even
though flowers and fruits are seasonal occurrences, some of each
were ingested during every month except for August when no
flowers were eaten (Fig. 11-2).

Many environmental factors could be affecting the howler’s
feeding time. As an initial survey, correlation analyses were run
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Table 11-6. Chemical Test Results for Mature Leaves
That were Not Eaten and New Leaves That were Eaten’.

Mature Leaves New Leaves

Component N Not Eaten N Eaten p
Water 15 58.07 + 6.67 10 71.40 *+ 3.86 ol
Fiber 20 46.31 + 12.81 16 33.71 £ 10.77 >
Ash 20 2.22 % 4.20 - 16 96 + .57 ns
Protein 19 9.36 + 2.30 12 12.03 + 3.76 *
Methionine 19 .17 £ .03 12 .24 + 09 **
Lysine 19 .64 + .21 12 93 + .30 *x
Threonine 19 45 + .10 12 .58 + .18 *
Valine 19 . .56 £ .15 12 .56 + .27 ns
Isoleucine 19 45 + .13 12 52 + .22 ns
Leucine 19 .90 + .20 12 1.10 + 44 ns
Phenylalanine 19 .58 + .14 12 .65 + .21 ns
Histidine 19 .22+ .08 12 33+ .11 **
Arginine 19 .56 + .12 12 .82 + .25 ool
Aspartic Acid 19 1.01 + .26 12 1.37 + .48 bl
Serine 19 48 + .12 12 .64 + .23 *
Glutamic Acid 19 1.06 + .25 12 1.36 + .46 *
Proline 19 .63 .21 12 .89 + .28 *x
Glycine 19 .55 + .12 12 .68 + .25 ns
Alanine 19 .59 + .15 12 .73 + .28 ns
Tyrosine 19 49 + .16 12 .64 + .28 ns

*Values are means * standard deviation. All but water are percent dry weight.
*ns = not significant; * = p < .05; ** = p< 01; *** = p <.001; **** = p < .0001.

between total feeding time and several ecological factors: rainfall
and food abundance in terms of new leaf, flower and fruit avail-
ability. No significant correlations were found. Tree part avail-
ability was determined by keeping weekly phenological records
for all marked trees via direct observation of leaf fall, leaf flushes,
flowering, and fruiting. These weekly records were combined and
reported as the number of trees during each month that demon-
strated the various phenophases (Fig. 11-3). These are not quanti-
tative data since crown size is not considered, but the data do give
an idea of the seasonal variations in the availability of the tree
parts.

Since no correlations were found for total feeding time and the
above ecological factors, total feeding time was separated into
time spent feeding on the various tree parts, i.e., mature leaves,
new leaves, flowers, and fruits, and the same correlations run.
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Table 11-7. Analysis of Variance of Total Feeding Time.

Degrees of  Sum of

Source Freedom Squares F p
Total 145 347234
Sex 1 .12156 .00 ns
Animal (Sex) 6 7406 .67 ns
Season 1 37233 20.22 .0001
Quarters (Season) 2 38437 10.43 .0001
Month {Season & Quarter} 9 36131 2.18 .05
Sex-Season interaction 1 2914 1.58 ns
Sex-Quarters (Season)
interaction 2 3002 .81 ns
Sex-Month (Season &
Quarter) interaction 7 8299 .64 - ns
Residual 116 213655

*Animal (sex) as error term.
"ns = not significant.

Figure 11-3 shows these relationships between the percent of
feeding time and the availability of the tree parts. The percent of
time spent feeding on flowers and fruits were correlated with their
availability while the percent of time spent feeding on new leaves
showed no relationship to availability of new leaves (Fig. 11-3).
Further, monthly new leaf availability showed no significant rela-
tionship to rainfall, while flower availability was negatively cor-
related (r = —.665, p <.05) and fruit availability was positively
correlated (r = +.650, p <.05) with rainfall (Fig. 11-4). Table 11-8
contains all correlation coefficients for diet composition and
phenophase availability in matrix form so that the correlations
between the independent variables can be seen. Mature leaf use
increased as fruit use increased but decreased as new leaf and
flower use increased. New leaf utilization decreased as fruit use
increased. The monthly variability in fruit and flower availability,
triggered by rainfall, dictated the amount of time the howlers
spent eating fruits and flowers, which directly affected feeding
time on leaves in order to balance the diet.

Food Sampling

All of the above chemical and ecological data clearly demonstrate
variability in the availability of food, particularly in terms of
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Figure 11-2. The average number of minutes spent feeding during each
month. Total feeding time for months with the same letter are not signifi-
cantly different, i.e., there is no difference in the total feeding times for
May, january, February, July, and March. The total feeding time is di-
vided into the average amount of time spent feeding on the various
phenophases.

changes in the nutrient and secondary compound content of the
food. How do the howlers track these changes, some of which
seem to occur seasonally (sce Table 11-2)? The howlers demon-
strated a pattern of feeding which I came to call sampling. This
behavior consisted of a single adult {always an adult and only one
animal) entering a tree, taking one or two mouthfuls, and then
leaving that particular tree. The howlers sampled from 22 trees for
3 mins. or less of feeding time (12 for 1 min.). One tree part
was taken from each individual tree, i.e., mature leaves from eleven
trees, new leaves from eight trees, flowers from three trees. In most
instances, sampling was done on new individuals of a tree species
already being utilized. However, four of the sampled trees repre-
sented new tree species.
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Figure 11-3. A comparison of the availability of the various pheno-
phases (histogram) and the percent of the diet contributed by that pheno-
phase (line). Availability is the total number of trees during each month
displaying that phenophase. Diet composition was determined by divid-
ing the total number of minutes spent feeding on a phenophase during a
month by the total number of minutes spent feeding during that month.
The percentages do not add to 100 because feeding time on mature leaves,
petioles, puvinus, and pedicels is not shown. The correlation between the
availability of a phenophase and the diet is given.
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Figure 11-4. Monthly distribution of rainfall for the study period. Corre-
lation coefficients (r) between monthly rainfall (Fig. 4) and the number of
trees producing new leaves, flowers, or [ruits (Fig. 3) are given in the text.

Discussion

It is clear from Table 11-1 that the study group obtained a major-
ity of their food from relatively rare tree species. In so doing they
ignored what many other investigators studying howlers (Bald-
win and Baldwin, 1972; Carpenter, 1934; Chivers, 1969) have as-
sumed was superabundant food, i.e., the leaves of common tree
species. At this point il is templing to subscribe to the hypothesis
of Feeny (1976) and Rhoades and Cates (1976) on plant apparency
and chemical defense to explain why the most abundant tree
species were not utilized for food by the howlers. Their theory is
that easily found (apparent) plants or plant parts are more likely
to contain tannins as chemical defenses against their predators
than plants or plant parts which are difficult to find (unapparent)
which defend themselves with qualitative defenses such as alka-
loids or glucosinolates. While the leaves of most of the common
trees in the study area did contain tannin, many of the rare species
also invested their leaves with tannins. Since the howlers selected
food from some of these rare tree species which contained tannins,
the apparency model does not fully explain the lack of utilization
of the most abundant tree species. Plant secondary compounds
certaintly influenced food choice but were not the only factor
involved in the selectivity of the howlers. Several other factors,
such as the nutrient content of the plant material as well as its
digestibility, must be considered.




