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INTRODUCTION

Variation in rainfall provides the most readily quantifiable method to interpret sea-
sonal influences on plant production and animal response to environmental change. But
the effects of rainfall on an animal’s behavior are complex, indirect, and less predictable,
than the simple measurement of rainfall might convey. From the perspective of the pri-
mate consumer (or the human observer), periods of perceived stress or food shortage
often correspond to periods of lower than average rainfall, but successful “response” de-
pends on variables that may only be indirectly related to rainfall. Knowledge of an ani-
mal’s diet, morphological or physiological adaptations of the digestive tract, variability
in local plant production, duration of food shortage, body weight at the onset of the sea-
son, and reproductive or general health status all might help predict the degree of stress
individuals might experience during seasonal changes in the resource base. Indeed, some
examples of responses to seasonality by primates are well known, including apparent
detrimental direct effects (e.g. weight loss presumably due to reduced food intake:
Goldizen et al, 1988; Morland 1992) as well as indirect effects (e.g. timing of weaning:
Pereira, 1992; Wright and Meyers, 1992). But there are also reports of an insignificant or
lack of effect of seasonality on other population and environmental variables: infant mor-
tality (Crockett & Rudran 1987), diet and range use (Chapman 1988), diversity of re-
source used in the diet (Garber 1993). Even when seasonality does appear to affect
feeding behavior, the expectation of the dry season as the most stressful season is not al-
ways borne out (Cords, 1993).

The purpose of this paper is to examine seasonal effects on seed production and seed
use by two pitheciins, white-faced sakis (Pithecia pithecia) and bearded sakis (Chiropotes
satanas).
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We combined traditional measures estimating seasonal variation in food availability
and diet breadth with new methods that characterized the changing physical and chemical
composition of the fruit ingested over an annual cycle. We previously identified two criti-
cal features of saki diets that might limit access to specific foods (seed hardness and toxic
properties of seed coats: Norconk & Kinzey 1994). These limitations are also examined
within the context of seasonal variation.

The saki response to seasonal variation in rainfall is complex, but appears to be
closely tied to fruiting phenophases of a few important resources. Sakis are seed predators
of young seeds, primarily, and these seeds are most abundant during the dry season. The
dry season may be a period of low fruit abundance or be characterized by a shift from fruit
to leaves or insects for ripe fruit frugivores, but it is difficult to recognize this season asa
period of scarcity or food stress for sakis. Both saki species are adapted to ingesting seeds:
(Kinzey and Norconk, 1993) and their ability to utilize fruit during‘more than one stage of
maturity appears to dampen seasonal effects of food scarcity.

METHODS

Study Sites

Data were collected on two islands about 40 km apart in Guri Lake, eastern Bolivar
State, Venezuela. Guri Lake is the catchment area for the Rail Leoni dam and hydroelec-
tric plant. It reached it’s present size of 4,240 km® in 1986 exposing more than 100 islands
of varying size (Alvarez et al, 1986; Kinzey et al, 1988). Chiropotes satanas occupy only
southern islands and Pithecia pithecia only northern islands in the lake. Groups of Cebus
olivaceus and Alouatta seniculus occupy islands throughout the lake.

We studied sakes on three islands in the lake, one island in the south and two islands
in the north. Chiropotes Island is approximately 365 ha in size (7 21°N, 62°52°W) and had
one group of Chiropotes and several groups each of Cebus olivaceus and Alouatta senicu-
lus. Pithecia Island (also known as “Pithecia II” in Walker, this volume (Fig. 2) & Parolin,
1993) (7°45°N, 62°52°W) is about 15 ha in area and had one group of Pithecia pithecia
and one group of Alouatta seniculus. Home range size in terra firme is not known exactly
for either saki species, but the two study islands were chosen to roughly approximate the
maximum area used by these species under free-ranging conditions. (Ayres (1981) esti-
mated a home range for Chiropotes albinasus at 300 ha.) Base camp was located in the
village of Guri at the site of the hydroelectric plant.

The study islands differed in vegetational composition as well as primate fauna. Pi-
thecia Island was small, oval and completely forested. Trees rarely exceeded 18 m n
height, averaged 11 cm in dbh, and undergrowth was composed primarily of saplings (see
Parolin 1993). Although there was evidence of mixed flora from as far as the Caribbean
areas in the north to the Gran Sabana in south, Aymard et al. (in press) found several ex-
amples of floristic endemism on northern islands (e.g. Ouratea guianensis, Ochnaceae;
Sloanea boliviensis, Elaecarpaceae).

The southern islands in the vicinity of Chiropotes Island were about half the dis-
tance to the junction of Caroni and Paragua Rivers (the southern boundary of the lake) and
tended to support taller, wetter forests on clay soil (e.g. Ceiba pentandra, Bombacaceae:
with dbh exceeding 200 ¢cm and 28 m in height were not rare). Chiropotes Island was ir-
regularly shaped, consisted of 4 peninsulas (up to 2 km long) running north-south away
from a central strip of land that was as narrow as 200m in some places. The logistics of
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working on two islands each month resulted in a loss of one or two days at the beginning
or end of the month. Thus, rainfall is presented as monthly averages in Fig. 1.

Vegetation Sampling

A total of 2,275 trees > 10 cm dbh were identified to species, measured (dbh, height,
and canopy breadth) and mapped on Chiropotes Island. This sample represents both feed-
ing trees of Chiropotes and strip samples collected by A. Peetz, 1. Homburg, and S.
Walker. In like manner, 3,570 trees were identified, measured and mapped on Pithecia Is-
land. The Pithecia Island sample included smaller trees (> 5 cm dbh) measured in 16 "a-ha
quadrats (Parolin 1992) and feeding trees and lianas of Pithecia. Shrubs used by Pithecia
were not measured, but they were identified.

Phenology trees were selected to focus on saki monkey feeding trees and were well-
dispersed throughout the two islands. They were sampled monthly for leafing, flowering,
and fruiting status by A. Peetz, I. Homburg, C. Wertis, and C. Butler. Leafing, flowering,
and fruiting were given 0 to 4 scores on more than 300 trees monthly, where zero indi-
cated lack of leaves, flowers, fruit and “4” indicated peak stage of leafing, flowering or
fruiting. Data reported below are confined to fruiting activity from a subset of the sample,
11 of the top 25 species used by Pithecia and 12 of the top 25 species used by Chiropotes.

One hundred fruit traps constructed of nylon mesh draped over wire hoops (I m in
circumference) were suspended between saplings or stakes about 1.5 m off the ground and
approximately 3 m on either side of main trails on both islands. Care was taken to position
bags to avoid overhanging branches so that fruit fall was from the canopy. Contents of
traps, collected once a month, were usually air-dried in the mesh bags unless rainfall was
very recent. Fruit were divided into four categories: legumes, drupes/berries, nuts, and
samaras, identified to species when possible, counted, and weighed. After Terborgh
(1983:17), we estimated the volume of each trap to be 0.08 m’ and the total weight the
fruit in 100 traps was divided by 0.8 to provide a total weight measure (kg/ha) per month.
Traps on Chiropotes Island were placed the entire length of a north-south peninsula (c. 2
km) and sampled both low-lying evergreen and deciduous slope or higher elevation habi-
tats. Approximately 2/3 of the traps on Pithecia Island followed the perimeter of the island
and the remainder were placed along a trail that crossed the crest of the island from north
to south.
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The Pithecia study group consisted of eight independently locomoting individuals 2
adult females, 3 adult males, 2 subadults (one male, one female) and 1 juvenile male. A
female infant was born during the study. Pithecia were individually recognizable using
distinctive facial patterns, and feeding activities (species of feeding tree & part of plant in-
gested) were recorded for all individuals that were visible at each 5 minute interval for a
total of 44,776 feeding minutes. This rigorous sampling regime was possible because Pi-
thecia have shorter total active days and visibility was better for Pithecia who move and
feed in lower levels of the canopy than Chiropotes. The two sampling methods (group
scores of Chiropotes vs. individual scores of Pithecia) confounded direct comparison of
results (albeit both measured feeding duration) so monthly and seasonal averages were
weighted by the total feeding time for each plant species.

Fruit and Seed Hardness Measurements and Biochemical Analysis

Methods used to estimate the dental force or resistance to puncturing pericarp and
crushing seeds have been reported elsewhere (Kinzey & Norconk, 1990). All samples of
whole or partial fruit and seeds were collected at the time the samples were dropped by
the monkeys and measured on the same day.

Specimens of fruit and leaves were either collected while the monkeys were feeding,
or we returned to the tree after feeding was completed and collected fruit and leaf samples
that appeared to be representative of the stage of maturity at which feeding occurred. Sam-
ples were transported to base camp in Guri within 24 hours of sample collection and pre-
pared for drying: seeds were separated from mesocarp, seed coat, pericarp and weighed
(“wet weight™). Samples were dried at a uniform temperature (50°C) in an electric labora-
tory oven for up to two weeks until repeated weights ceased to change. Dried samples
were transported to the U.S. and analyzed by Dr. N. Conklin-Brittain. Methods are de-
scribed in Kinzey & Norconk (1993) and Norconk & Conklin (in prep). Only seasonal
weighted averages for macronutrients (water soluble carbohydrates, crude protein, lipids),
acid detergent fiber, and condensed tannins are presented below.

Analysis

Statistical comparisons between islands were made using nonparametric tests, Ken-
dall’s © and Spearman rank correlation coefficient to measure association and Mann-
Whitney test to examine differences in medians, with acceptance of significance level
<:085;

RESULTS

Seasonal Variation in Rainfall and Fruit Availability

Guri Lake, at between 7" and & north latitude, has a single wet season and a single
dry season, each lasting about 6 months annually. Annual rainfall averaged 1,258.6 mm
(N = 4 years) on Chiropotes Island and 1,030.2 mm/yr (N = 3 years) on Pithecia Island.
Wet and dry seasons were further subdivided into early and late periods so that each “sea-
son” represented three months. Annual rains began to fall in May and peaked in July or
August. Average monthly rainfall was strongly correlated between the two islands (Spear-
man rank correlation coefficient, r,=.791, P < .01, N = 12), but Chiropotes Island was
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Figure 1. Rainfall data collected on Pithecia Island and Chiropotes Island (average & standard deviation) over a

period of three to four years.
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Figure 2. Monthly volume of fruit fall (kg/ha) collected from 100 fruit traps each on Pithecia and Chiropotes Is-
lands compared with rainfall during the same period. Since the seasonal patterns of rainfall are the same between

islands, rainfall from only Chirepotes Island was plotted.
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significantly wetter (Mann Whitney test, Z = 2.59, P < .01) (Fig 1). Some months had
similar rainfall totals between the years of the samples, but other months varied widely in
rainfall from year to year. The mean annual deviation in monthly rainfall (}’ |x - x|/N) av-
eraged 39.6 mm (range 8.3 - 83.7 mm) for Pithecia Island and 58.6 mm (range 10.2 -
125.5 mm) for Chiropotes Island (Fig 1). Dry season months had less variation in rainfall
than wet season months for both islands.

Fruit fall (kg/ha) was negatively correlated with rainfall on Chiropotes Island (t = -
424, P < .05, N = 12 months), but rainfall was not correlated with fruit fall on Pithecia Is-
land: © = -.061, ns) (Fig 2). Nevertheless, fruiting cycles showed a moderately strong
correlation between islands (1 = 424, P < -05). The wetter island, (Chiropotes Island) had
significantly more fruit species in the monthly traps than Pithecia Island (Mann Whitney
U: Z=294, P=.003, N = |2 months), although there was no difference in average fruit
weight between islands (Z: .51, ns) (Fig. 3). Because of the nature of fruit traps as “ran-
dom” collections of canopy fruits, a few large, heavy fruits could cause marked fluctua-
tions in monthly fruit weight estimates. Fruit from a range of fruiting stages were
recovered from fruit traps: fruit that was very young and either aborted by the tree or dis-
lodged by arboreal animals to legume pods that fell into traps long after the seeds had dis-
persed. Thus, it is difficult to obtain a monkey’s view of fruit abundance from fruit traps.

About one-half of the top 25 plant species used by Pithecia and Chiropotes were
sampled monthly for fruiting status. A phenological score (monthly score assessed on a
scale of 0 to 4 divided by the number of sample trees for each species) provided informa-
tion on the relative abundance of unripe and ripe fruit over a 12 month period (Tables |
and 2). The most striking aspect of these results are the relatively low phenology scores.
Although individual trees might produce abundant fruit crops, scores rarely exceeded 2.5
when averaged across all of the sample trees. Unripe fruit was available for a longer pe-
riod than ripe fruit on both islands, although the difference was greater on the drier island.
Pithecia Island fruit production averaged 6.6 months of unripe fruit and 4.7 months of ripe
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Figure 3. Two results from fruit trap data are compared from both study islands. There was a significant correla-
tion between the two islands for diversity of fruit species found in the traps, but not for average weight of fruit.
Note that fruit weight did not peak in the wet season with production of fleshy drupes. Samples were collected on
both islands from November 1991 to October 1992.
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Phenology data: Pithecia Island Phenology data: Chiropotes Island
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Figure 4. Relative proportion of feeding trees producing unripe and ripe fruit, documenting the number of plant
species in fruit (not fruit abundance per species). Samples were obtained from phenology trees and the figures
were derived from column totals of Tables 1 & 2. Chiropotes Island had a lower proportion of phenology species
in fruit during the dry season and had more species producing unripe fruit than ripe fruit for all but two months in
the wet season.

fruit compared with Chiropotes Island that averaged 4.9 months of unripe fruit and 3.75
months of ripe fruit.

The number of months that phenology tree species bore ripe and unripe fruit were
compared between islands (Fig. 4). There were more trees species producing fruit (ripe or
unripe) on Pithecia Island than Chiropotes Island, except during the late wet season when
availability of fruit from high ranking species dropped precipitously. Unripe fruit was
more abundant on high ranking food species throughout the dry season on Chiropotes Is-
land, but trees on Pithecia Island showed a bimodal peak of unripe fruit production in
early dry and early wet seasons. Transitions between seasons, particularly wet to dry, may
be more difficult for the sakis than the dry season itself.

Fruiting periodicity detected by phenological methods and fruit traps is compared to
the number of months the sakis ingested fruit of the same species in Tables 3 and 4. Fruit-
ing cycles that characterized high-ranking plant species took two forms: 1) trees that
fruited synchronously with very extended fruiting cycles (e.g. Pradosia caracasana,
Chrysophyllum lucentifolium var. pachycarpum, and Strychnos fendleri) and 2) individual
trees that fruited asynchronously so that at least some trees produced fruit in nearly every
month of the vear (e.g. Connarus venezuelanus, Licania discolor, and Brosimum alicas-
frum var. bolivarense). High ranking tree species achieved this rank because the sakis in-
gested fruit from the entire fruiting cycle. Lower ranking feeding trees were characterized
by short, synchronous fruiting cycles where fruit matured quickly and monkeys ingested
fruit as it became available (e.g. Alibertia latifolia, Sapium aubletianum, Lepidocordia
punctata, Erythroxylum steyermarkii) or were tree species that had long cycles, but fruit
were eaten only during one stage of maturity (e.g. Peltogyne floribunda, Piptadenia leu-
coxylon and Spondias mombin).



M. A. Nores

412

NI PILIOQE "PIO WOLY SPIIS 153BUL 01 PUNOIT 3yl 0] uam sAayuou a1 asneaaq sapdwes ASoouayd pun

"2I0UW O Syuow g Funmay

"A[uo syjuow 71 10§ pardapjoa ajdes _mwo_ocu:n::
denamy ug syuow papasaxa s’ U0 Surpaoy SYIO,
‘(snosoyaowsue) puim Aq passadsip spass aamew spass Funok sepaig,

“uny Funof 1508ut 10u op ‘diesosow (s spaes ammw aepald,

‘spaas ammew doip (Ajjensn)

“Adoues 9211 mojaq spaas dop ‘dresosow _.,...umEm

“napdwon aq jou Kew dmooxa jo oFueyd I0[02 18P POZIS-AInjeLU ampard,
= Suo[ 'syjuow g uey) ssaf SunnIg = poys woneng

228 Funok AepAug,

TeAA B uey 2212215 1 [eAryul Suniy = [enuue-radns Lmak v URY1 $52] S1 FULINL UIIMIA] [BAIRIUI = [BNUUE-gns :Kyoipotied
‘(syuout 1) ASo[ouayd 1oy Ajyuow paloos saads yoea Jo (seurl| 10) seal) jo Jaguinu |e10) = N,

I L 9 AIp Ajres oys SNOUOIYDULS [enuue-radns g [L01) rrojjignd eiapedoy
t ¥ z 1am Apen 10ys SNOUOILYIUAS it L1 L(S) erjopne| vusqry
z ¢ ¥ 12m A[ded 1oys snouoiyause [enuue Tl (L) mieLns rqojo230])
¥ 0l c £1p Ajea-19m aip) Suop SNOUOIYDUAS [enuuw 01 L01) uojAxoonaf eruaperdiyg
¥ €1 0 K1p Aj1eo-19m 2)p) Suog SNOUOIDUAS |enuue 6 ,(§) aowias wrdoj{y
9 4 T Aip Apaea Suop SNOUOIYDUAS [enuue 3 (L) yd1pIsyosw souysLng
¢ z € - - - L ‘ (1) ertresor pajeIng
< L c 19m 1] oys SNOUOIYIUAS [enuue ¢ AR mreuLndss wnjAxoay g
9 €l €l AIp Alrea 3uoj| SNOUQIYIUASE [enuue-radns ¥ o(11) epUnguIo]) aukSorag
6 01 ] 1om AJea Buog snouoayouls [enuue ¢ [(01) 12ppuay souyoLng
£l €1 € AIp Kpaea Moys SNOU0IYIUASE [enuue z . [(01) 1o10281p wIUEDI]
6 Cl £l 19m Apea-Kip | Fuo| SNOUOIouAsE [enuue-gns I %GC SNUB[aNZIUA STURULO))
ardwes adues ASojouayd sden yead Sunimig SBumny Sunmyy sunmny quey (N samads yuejq
SUIPa2y Ul SYIUO ur SYUoA ur syiuoyy JO uoneIng Jo Auoruoayoukg Jo Auotporiag

(*daxd u1 ‘Binquioy woi viep £Fojouayy)
‘poriad uow ] © 1940 PIUILLISNOP 1M _ A[0KD gunmij jo sonsuajorieyd,

wodj porad yiuow ¢ awes ay) 105 partodas are sadwes den 1n1y pue 45010

Yim paredwos s21a40 uniny SuIssasse 107 spoyiaw om) pue praynd n1921114 0

, PUB 53011 SUIP39) JO YUBY 766 | 1AQIDAON O] 1661 1oquadag
US4 J21p AU Ul papn[aul seam $a1ads 11y ay) syuow Jo saquinu
21 Ay ut so100ds Jueld 71 10j sapak2 Funimny jo SONISLIAIORIRYD) °f AEL



413

Seasonal Variation in the Diets of White-Faced and Bearded Sakis

‘paas Fuipnjoul NI} AQOYM n_nom:_x

“spaas sdosp ‘anay adp jo diesosaun §1sa5UY

*($309) Ul PUNOJ SPass *3°1) - (SN0IOYD00Z) |es12dsIp A0S Yitm spaas Jo :o:ﬁﬁiw
“(snoJoypowaur) puis Ag pasiadsip spass aImeil pass Sunod awpaid,

“dipaosaut 1saful pue spaas armewt doap Ajen

tspaas Funok aepatd,

108u0] 10 syuow x1s Funmay = Fue| SYUoW g uey) s Sulngy = 1oys :uoneIngy,
1eak vy Jo1eald s1 [earaul Funiny senuue-radns Lwak B uny) $saf st SUNIN UDIMIaG [PAINUL = [BRUUR-gNS SAponad.
(syiuow ) ASojouayd 10§ A[uowt paieds sa10ads yomwa Jo saan JO JaquInu [elol = N |

9 | | A1p 21| uoys SNOUOIYDUAS [enuue-gns 9z () nsopads vayany
z T I 12m Ape2 Hoys SNOUOIYIUAS jenuue-1adns é (R) D110f1in4125 DINGIGD]
7 T 0 19m A[1B2 oys NOUOIYDUASE [enuue-radns 6l ‘ (L) Do Danjav gy
L 9 I 12Mm 28] Fuoj SNOUOIYDUAS Jenuup 9] () [10qunos vavuausyH
9 01 ¢ 1om Alaea Fuo| SNOUOIYIUAS [enuue ! AT wquiow soipuods
6 Al I 1am 21e] Suo] snouoysUAsE |enuue €l L1 wijad pidoioa)
¥ € T 1M 8] \1oys SNOUOIYIUAS [enuue 6 o(9) pwpound pipaosopida]
¢ ¥ ¥ 1M ApIe2 uoys SNOUOIYDUAS |enuue 9 [(9) wnupizjgnn umidog
I (4 0 1oMm ApIe2 uoys SNOUOIYIUASE [enuue-radns c _@ smp8nliq sna200113
01 11 4 Ap Aea Fuop snouo1youls [enuue ¥ o) wmnoftuzong winjjsydosiiy)
zl ¢l ¥ Kip Apaws Fuo] snouoyduAse [enuue ¢ (T1) umusvony wnsolg
Sl ¥1 z 19m Kjea Suo] SNOUOI[OUAS [enuue 1 (1) pURSDIDADD DISOPILL
apdures Suipaay  2pdwes £Sojousyd sden sead Sunimig Sunmnyg Suniny Sunmiy juey (N) satads Jue|d
ul SYIUOA ur SIUO ul SYIUO 10 uoneng Jo K121001YouLg Jo KQratporing

a paredwo saoA0 Suninyy Sulssdsse 10§ SpOYIsW Om] pue Suunns §210

woyy pouad yuow ¢

(daxd w ‘71254 wody viep ASojouayd) “porad
YIUOW g UB IDAO PAUTULIANIP 1M $9[04D uninyy Jo sONSHORIRYD,, PUE $321) SuI1poa) JO JURY ‘T66] JAGUIAON 01 1661 Joquadag

| autes ay) o pajodar ame sajdwes den nyy pue ATO[OUY 19IP Sy Ul PApRdUL SEM saroads 11y AY) SYIUOL JO Jdquinu

do.any?y 1o 101p a1 ut sanads yueid Z[ 10) $AAD FUNILY JO SINSLNDEIEYD “f IEL



414 M. A. Norconk

The total number of months in fruit (both immature and mature fruit) and number of
months in which ingestion occurred were not significantly different for Chiropotes (Mann
Whitney test: Z = -.783, ns), but time in the phenological sample was significantly longer
than ingestion periods for Pithecia (Z=-2.1, P = .036). An exact overlap between fruiting
phenophase and ingestion indicated that the sakis ingested parts of both ripe and unripe
fruit, but masked an important detail of dietary selection mentioned above. Ingestion dur-
ing the entire fruiting phase often meant that seeds were ingested from young fruit and
mesocarp was ingested from mature fruit (e.g. Pradosia caracasana, Brosimum alicas-
trum, Melicoccus bijugaius, Table 4). Both sakis preferred young seeds over mature seeds,
but only Chiropotes were found to use some plant species throughout fruit maturation.

The traps provided a better estimate of the period of fruit ingestion for Pithecia than
Chiropotes (Tables 3 and 4). At 4% the size of Chiropotes Island, it is not surprising that
100 traps on Pithecia Island provided a closer fit to fruit availability than for the larger
Chiropotes Island. However, some resources important to Pithecia were undersampled by
traps because they were shrubs at the same height or lower than the traps (e.g. Xylopia
sericea, Morinda tenuiflora, Hirtella racemosa var. racemosa).

Seasonal Variation in the Components of Saki Diets

Sakis are predominantly young seed predators and ingested seeds from a diversity of
sources (Table 5). Seeds of nuts, capsules and drupes made up the dominant resources for
both saki species and only became relatively rare in early and late wet seasons for Chiro-
potes and in the late wet season for Pithecia. In the early wet season, Chiropotes shifted
from seeds to ingesting primarily ripe mesocarp of Pradosia caracasana, Melicoccus biju-
gatus and Brosimum alicastrum (Table 5). Seeds from these sources were mature and
were usually dropped intact below the tree canopy. The late wet season was marked by a
reduction in the ingestion of seeds by both sakis; Pithecia ingested mesocarp primarily
and Chiropotes shifted to the soft, small drupes of the parasite Oryctanthus alveolatus
(Loranthaceae).

Table 5. Seasonal differences in dietary composition of seeds and mesocarp ingested by Pithecia
and Chiropotes. Sample is taken from the top 50 species ingested during an annual cycle
(November 1991 to October 1992) and values are expressed as percent of fruit ingestion.

The top two resoucess during each season are in bold-faced type

Early dry Late dry Early wet Late wet

Plant [tem Pithecia Chiropotes  Pithecia  Chiropotes  Pithecia  Chiropotes  Pithecia  Chiropotes
Seeds of nuts

and drupes’ 62.47} 58.25 62.78", 61.41 76.09", 44.47 2194 3333
Winged seeds” 2.09)'@: 4.09 1_13W 11.54 0.20 +;  0.66 0 [ 211
Legume seeds’  33.76! 2.65 9.99]"  7.72 054 1.68 8.30 " 2.66
Parasite’ 0.24) 30.31 0.09y 1697 0 11.44 0.05 42.71
Whole fruit’ 214\ 1.81 53907 039 21547 079 1937(s, 1163
Mesocarp only®  0.29) 290  20.62)  1.96 164107 40.97 50.34 8.55

Plant families represented in feeding samples include:

' Sapotaceae, Chrysobalanaceae, Connaraceae, Moraceae, Sapindaceae, Anacardiaceae, Rubiaceae.
z Bignoniaceac, Polygalaceae, Combretaceae, Tiliaceac.

2 Caesalpiniaceae, Papilionaceae, Mimosaceae,

* Loranthaceae.

° Rubiaceae, Erythroxylaceae, Boraginaceae, Moraceae: monkeys ingested pericarp and seed.

5 Primarily from Meliaceae, Loganiaceae, Sapotaceae. )
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Figure 5. Seasonal variation in fruit and non-fruit (young leaves. pith, flowers, and fauna, primarily insects) in
the diet of Pithecia pithecia. Percentage of the components are expressed as log values.

Many of the samaras ingested by the sakis were seeds from Bignoniaceae lianas that
flowered in the late wet season and contributed to the “peak” of flower ingestion for Chiropo-
fes (Figures 5 and 6). Winged seeds represented a larger proportion of the diet of Chiropotes
than of Pithecia. Pod maturity and subsequent dehiscence occurred during windy weather
conditions in the winter dry season and the ingestion of these seeds was reduced in the wet .
season diet. Peltogyne floribunda (Caesalpiniaceae) is the dominant tree species on Pithecia
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Figure 6. Seasonal variation in fruit and non-fruit (young leaves, pith, flowers, and fauna, primarily insects) in
the diet of Chiropotes satanas. Percentage of the components are expressed as log values.
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Island (Parolin, 1993) and young seeds from undehisced fruit of this species and Pipradenia
leucoxylon (Mimosaceae) were both ranked in the top 10 plant species used by Pithecia.
Fruiting and ingestion peaked in the early dry season on Pithecia Island (Table 5).

Three species of Loranthaceae have invaded the crowns of several species of trees in
Guri Lake (e.g. Protium tenuifolium and Chrysophyllum lucentifolium var. pachycarpum),
but are particularly notable on the highest ranked feeding tree of Chiropotes, Pradosia
caracasana. Of the Loranthaceae species, Oryctanthus alveolatus is a major resource for
Chiropotes and was ranked second in three of the four seasons (Table 5). Low ingestion
rates on the northern island may be due to low abundance (and absence of principal host,
Pradosia caracasana).

Mesocarp ingestion peaked during the wet season for both sakis. The annual peak of
mesocarp ingestion by Chiropotes corresponded to the ripening of Pradosia caracasana
and Melicoccus bijugatus in June, July, and August. Ingestion of mesocarp by Pithecia
was tied closely to the fruiting phenophase of two species of Strychnos. S. fendleri peaked
in availability in the early wet season; ingestion peaked once fruit reached full size in late
wet season. Likewise, the fruiting peak for S. mitscherlichii occurred in the early dry sea-
son and fruit was ingested in the late dry season. The “whole fruit” category included both
fleshy berries and arillate seeds like Lepidocordia punctata (Boraginaceae). Whole fruit
appeared to be a more important resource for Pithecia than Chiropotes, representing close
to 20% of Pithecia diet in the early and late wet seasons.

Non-fruit items were secondary resources for both sakis during all seasons (Figs 3
and 6) with one exception. Caterpillars were extremely abundant on Pradosia caracasana
trees in the 1992 early wet season and represented 20% of the diet. Young leaves were
relatively important to Pithecia and showed little annual variation by season. Pith was
relatively important to Chiropotes and ingestion peaked in the early wet season. Flowers
of six species were ingested by Pithecia in the late dry month of April and represented the
flower ingestion increase in the late dry season. The only non-plant item of food intake
was the “fauna” category. This included the odd egg and wasp nest taken by Pithecia, but
was dominated by caterpillars in the wet season by Chiropotes and aseasonal ants, spiders,
and caterpillars by Pithecia. Larger-bodied Chiropotes invested more time during all sea-
sons in insect search and ingestion than did Pithecia.

Both saki species maintained a relatively diverse diet (plant species and plant parts
used) year-round (Figure 7). The twelve plant species for which we have phenology data
represented about half of the top 25 feeding species. In turn, these high ranking resources
represented at most 40% of the monthly diet of Pithecia and at most 50% of the diet of
Chiropotes. Pithecia were very uniform in the total number of plant species in each
monthly diet. In contrast, Chiropotes appeared to increase diet breadth with a reduction in
rainfall in the late dry season (Fig 7), although months of low rainfall did not always re-
sult in a more diverse diet (r, = -.477, ns, N = 12 months). The sharp reduction of dietary
diversity from April to May was due to the ripening of Pradosia caracasana (Sapotaceac)
mesocarp on Chiropotes Island which was available for only about § weeks.

Using these data it is clear that the two saki species differed in their selection of
food items by their degree of seed maturation. P. pithecia were more selective, ingesting
fruit or seeds at specific stages (but not necessarily the same stage) of fruit development.
For example, Connarus venezuelanus var. orinocensis seeds were ingested from mature
(with reddish colored pericarp) fruit. Peltogyne floribunda and Piptadenia leucoxylon
seeds were ingested only when they were immature. The mesocarp of Strychnos spp. was
ingested more often at the mature than at the immature stage; seeds and exocarp were spat
out. Berries of Erythroxylum steyermarkii and Coccoloba striata were ingested whole
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Figure 7. Comparison of the number of plant species (histograms) in the monthly diets of Pithecia pithecia and
Chiropotes satanas from November 1991 to October 1992 compared to rainfall (line) during the same months.

only when ripe, but seeds of Alibertia latifolia were ingested throughout its relatively
short fruiting cycle (see Table 3).

Seasonal Variation in the Mechanical and Chemical Composition of
Fruit

There was little variation by season in the average hardness of fruit and seeds in-
gested by the sakis (Fig 8). Food items opened in the dry season were not harder than dur-
ing the wet season, although there was some evidence of within season variability. Food
items opened in the early wet season by Chiropotes were significantly harder than items in
the late wet season (Wilcoxon Z = 3.36, P < .01). The high average and maximum punc-
ture values for Chiropotes during the early wet season were due to the ingestion of both
woody Vitex compressa (Verbenaceae) fruit and some mature Pradosia caracasana
(Sapotaceae) seeds that were well-protected by hard, brittle seed testa.

Seasonal variation in seed hardness values was more marked than in pericarp hard-
ness values (Fig. 8). Pithecia ingested (and masticated) harder seeds than Chiropotes dur-
ing all seasons except the early dry season, when average values were comparable. Seeds
were hardest in the late wet and early dry seasons for both Pithecia and Chiropotes. Al-
though seed hardness and pericarp hardness cannot be compared directly since the meth-
ods of obtaining data and the measurements themselves are different, there was a weak
inverse relationship between seed hardness and pericarp hardness particularly in the late
wet season. Fruits of many species were mature at this time of year with a soft pericarp
and mature seeds encased in a hard testa.

Weighted averages of macronutrients (water soluble carbohydrates (WSC), crude
protein (CP), and lipids), fiber (ADF = cellulose + lignin), and condensed tannins are pre-
sented in Figure 9. These values represented 65% of the plant species used in 19911992
by Pithecia and 83% of annual diet of Chiropotes.
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Figure 8. Comparison of average puncture and crushing resistance values and maximum values (in parentheses)
of fruit and seeds ingested by Pithecia and Chiropotes in Guri Lake. Methods used to determine values were re-
ported in Kinzey & Norconk, 1990.
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Figure 9. Seasonal variation in the biochemical properties of fruit and leaves ingested by Pithecia pithecia (N =
23 samples) and Chiropotes satanas (N = 19 samples). Values are averages of water soluble carbohydrates, crude
protein, lipids, acid detergent fiber, and condensed tannins weighted by total feeding minutes.
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The major resource for Pithecia, Connarus venezuelanus (Connaraceae) seeds, was
found to be nearly 50% lipids/g dry weight and seeds were heavily ingested in late dry and
early wet seasons. Lipid intake peaked in the early wet season with the addition of Acti-
nostemon schomburgkii (Euphorbiaeae) seeds (24.2% lipids). There was no significant
difference in an annual average of lipid intake for either primate species, although lipid in-
take peaked during opposite seasons, late wet and early dry, for Chiropotes. High lipid in-
take corresponded to peak ingestion of the parasite Oryctanthus alveolatus (Loranthaceae)
at 38.3% lipids.

Chiropotes ingested food.items that were significantly higher in water soluble carbo-
hydrates (WSC) than Pithecia. The source of WSC for Chiropotes during the early and
late dry periods and the early wet period appears to have been their major resource Pra-
dosia caracasana whose seeds decreased from 34.0% to 14.6% as the dry season pro-
gressed and as the seeds matured. Protein intake peaked in the early wet season for
Pithecia. A similar annual peak was not apparent for Chiropotes, but annual averages
were not different (6.8% Pithecia; 6.0% Chiropotes). The source of the protein peak for
Pithecia appears to have been Actinostemon schomburgkii and Capparis muco seeds (both
>22% CP by dry wt), but young leaves (e.g. Capparis flexuosa) also had high CP values
(13.8%). The higher proportion of time invested in insect search and insect consumption
may have off-set lower protein values of seeds and the negligible intake of leaves by Chi-
ropotes.

Seasonal and annual ADF values were lower for Chiropotes than Pithecia. Higher
fiber values not only reflected ingestion of more leaves by Pithecia, but some seeds in-
gested by Pithecia were also relatively high in lignin or cellulose (e.g. ADF values of
seeds: Licania discolor 42.0%, Amaioua corymbosa 40.6%, Angostura trifoliata 40.0%
exceeded values of young leaves: Capparis flexuosa 37.2% and Coccoloba Sallax 36.6%).
The ADF peak in the early wet season is not due to the ingestion of leaves, but rather to
the ingestion of fibrous seeds.

Condensed tannin levels exhibited little seasonal variation and averaged less than
5% QE (quebracho units) annually for both sakis. The diversity of resources ingested may
account for the low average since some high ranking resources (seeds) were relatively
high in CT values (e.g. Pradosia caracasana: range 6.8% to 17.7% QE and Licania dis-
color: range 3.9% to 9.7% QE).

DISCUSSION

A diet that is largely seeds instead of fruit pulp may remove sakis from the seasonal
effects of low rainfall. Sakis appear to monitor phenophases of individual plant species us-
ing two cues, change in seed or seed testa hardness and fluctuation in nutritional value. At
the very least, the “dry season” cannot be considered to be a period of scarcity for sakis.
They ingested many dry season resources in Guri Lake (winged seeds, legumes, nuts and
immature drupes). Seed ingestion declined in the wet season with the ripening of fleshy
fruits. The shift was more notable for bearded sakis with the ripening of their #1 resource
(that was also ingested by capuchins, howlers, and macaws at this time). White-faced
sakes did not have such an abundant resource available, although they too shifted to ripe
berries and small drupes.

Resources that provided the sakis with food for long periods of time also tended to
be high ranking resources by our measures. These were plant species that either produced
relatively synchronous crops of fruit with prolonged periods of fruit development or were
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species that fruited asynchonously so that resources were effectively renewable, but on
different trees.

The saki species, that are now separated by some 40 km in Guri Lake, were appar-
ently allopatric and found on opposite banks of the Caroni River before flooding. While
we found considerable complementarity in the categories of seeds ingested, some plant
species are highly endemic in the north and there was little overlap in plant species used
for food by the two saki species. Nevertheless, two findings emerged in this study to sug-
gest differences in feeding adaptations: 1) Chiropotes appeared to maximize the use of
some resources by ingesting seeds at the young stage of maturity and mesocarp at the ma-
ture stage of fruit maturity. A similar pattern is found in Pithecia albicans, intermediate in
size between Pithecia pithecia and Chiropotes spp. (Peres, 1993). On the other hand, P.
pithecia appeared to be more selective and ingested fruit only at one stage of maturity,
early or late, seeds or mesocarp. 2) P. pithecia appeared to adjust to changes in fruit avail-
ability and seasonality by maintaining a nearly constant diversity of fruit species in their
diet. Chiropotes satanas tended to increase diet breadth in the dry season and contract diet
breadth in the wet season with maturation of their #1 ranked resource. Although seasonal
variation was evident in the relative proportion of seeds, mesocarp, and whole fruit in
their diets, it is difficult to find evidence of seasonal shortages.

The fact that Pithecia and Chiropotes are isolated on different islands contributes to
differences in the plant species included in their diets, but patterns of use appear reflect
true, albeit subtle, interspecific differences. Ayres (1981) found that terra firme, white-
nosed bearded sakis (Chiropotes albinasus) ingested seeds and mesocarp from Sapotaceae
and Moraceae and while these two categories made up most of their feeding activities, the
sources of ripe fruit pulp were different than the sources of young seeds (Ayres 1981). The
use of different resources to obtain different parts of fruit was more characteristic of Pi-
thecia in our study and island-bound Chiropotes satanas in Guri appeared to have intensi-
fied their use of some resources (particularly Pradosia caracasana and Brosimum
alicastrum). The seasonal shift to mesocarp was not only evident in Ayres’s study of Chi-
ropotes albinasus (1981) but also characterized closely related uakaris Cacajao calvus
(Ayres 1986). This “sweet tooth” preference by the larger sakis of fruit high in water sol-
uble carbohydrates was not evident in our Pithecia feeding samples. Indeed, relative pro-
portion of WSC was one of the very few interspecific differences in the biochemical
weighted averages between the Guri sakis.

Pitheciins Compared with Other Seed Predators

Ingestion and mastication of seeds as the major component of the diet is not limited
to the pitheciins of the Neotropics, but is also found among some of the colobines (sce
Kool, 1993: Dasilva, 1994; and Maisels et al, 1994 for surveys of seed predation in colo-
bines and Chivers, 1994 for a review of colobine gut anatomy), and some prosimians
(Propithecus diadema: Wright, 1994; Yamashita, 1994). Both sakis and colobines prefer
young seeds that provide high concentrations of valuable nutrients. Not only have some
young seeds been found to have been comparable to young leaves in protein content (as
did Dasilva, 1994 in her study of Colobus polykomos), but young seeds were also up to 20
times richer in lipids than were young leaves (Norconk, Kinzey & Conklin-Brittain, un-
pub; Maisels et al, 1994).

Lastly, the adaptation to seed predation appears to involve some mechanism to
either penetrate hard seed coverings and thus guarantee access to mechanically protected
young seeds or the ability to detoxify chemically protected seed coats or seed embryos
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(see Bell, 1978). Saki adaptations appear to be dental primarily, but preliminary work on
saki digestion suggests that they may also have an enlarged cecum and a relatively slow
transit time (Milton, 1984), Slowing the passage of food through the hindgut, for example,
may increase their ability to extract nutrients from highly fibrous seeds. The presence of
moderate to high levels of condensed tannins also provide a general indicator of food
choice. Average CT values of seeds ingested by colobines were only slightly higher than
those ingested by sakis. Sakis do ingest some seeds that are as high as 9% CT (Kinzey and
Norconk, 1993), but seasonal averages were low suggesting that they might adjust the vol-
ume of intake or increase species diversity to minimize intake of high concentrations of
tannins. For example, white-faced sakis were found to balance seed species diversity
across all seasons. Colobines also appear to moderate tannin intake and shift back and
forth between young leaves and seeds to optimize protein and lipid intake (Dasilva, 1994).

Seasonal variation in the diets of pitheciins is more accurately measured in plant species
diversity, seed and pericarp hardness, and nutritional value, rather than abundance and rarity.
Seeds are a reliable resource, available in Guri for extensive periods through the dry season
(when fleshy fruits become rare) and into part of the wet season. Nutritionally, they are a
valuable resource, often higher in lipids and protein than ri pe fruit or young leaves.

SUMMARY

Seasonal variation in fruit availability and dietary diversity was compared between
Chiropotes satanas and Pithecia Pithecia studied over a period of 17 months in 1991 and
1992 in Guri Lake, eastern Venezuela. The study group of Pithecia inhabited a 15 ha is-
land (dry tropical forest) in the northern part of the lake and the study group of Chiropotes
occupied a 365 ha island (transitional wet forest) 40 km to the south in the southern area
of the lake. We collected feeding data for five days each month on each saki group using
modified focal animal samples that measured feeding durations on plant species. Fruit
abundance and seasonal distribution was measured by fruit traps and phenology.

This region of eastern Venezuela is characterized by a wet season and dry season
that are of nearly equal duration. Each season was sub-divided into early and late, wet and
dry seasons. There was no difference in the monthly pattern of rainfall between islands,
but the southern island was significantly wetter than the northern island.

Both primate species ingested seeds year-round and month to month overlap of plant
species and part ingested was high (average of c. 45%). Ingestion of seeds was higher than
60% of the plant portion of the diet in the dry season and first half of the wet season for
Pithecia and in the dry season for Chiropotes. Both sakis shifted to ingesting mesocarp as
it became available (and as seeds matured) in the wet season. Non-fruit items were secon-
dary resources during all seasons with the exception of early wet season ingestion of cat-
erpillars by Chiropotes.

Three differences were found between the saki species: a) the tendency for Chiropo-
tes to use fruit of the same plant species from young to mature seed and mesocarp; Pi-
thecia ingested seeds, mesocarp and whole fruit from different species; b) Pithecia did not
alter plant species diversity or diet breadth on a seasonal basis, but Chiropotes increased
diet breadth in the dry season and reduced it in the wet season; c) Chiropotes ingested
items high in water soluble carbohydrates, whereas lipid values were often higher in food
items ingested by Pithecia.

Sakis are more likely to track phenological differences in resource availability than
rainfall per se. Variation in fruit ingested on the same month in consecutive years ranged
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from a low of 9% (high predictability) to more 66%. But rainfall probably does provide
some predictability. For example, a one month lag was seen in some species that was most
likely related to a slight shift in rainfall synchronicity.

Pitheciins and colobines are the only two anthropoid subfamilies that maintain high
levels of seeds predation. Seed predation may be related to anatomical specializations in
both subfamilies: dental adaptations and perhaps hindgut enlargement in the Pitheciines
and foregut adaptations in the digestive tract of Colobines.
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