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White-faced sakis (Pithecia pithecia) are Neotropical seed predators that in-
gest a mixed diet of fruit, leaves, and insects. We report timed feeding data
for a 12-mo period on a group of 8 white-faced sakis occupying an island—a
portion of their original home range—in Lago Guri, Venezuela. We collected
fruit and leaf samples, dried them in the field, and analyzed them to measure
nutrient content—free simple sugars (FSS), crude protein (CP), lipids, and
total nonstructural carbohydrates (TNC)—and the presence of antifeedants:
total tannins, condensed tannins and dietary fiber. We weighted nutrients and
antifeedants by timed feeding samples to estimate actual intake. Then we com-
pared intake among months and seasons. Compared with other frugivores, the
average monthly intake of lipids was extremely high (16.1% by dry matter es-
timate(DM)), attributed to ingestion of young seeds and other plant parts that
were relatively high in lipids, e.g., seed arils. Intake of FSS and CP were rela-
tively low: 3.4% DM and 6.5% DM, respectively. The average intake of total
cell wall or neutral detergent fiber (NDF= 38.4% DM) was only slightly lower
than the range reported for colobines. Average intake of tannins was within
the range reported for cercopithecines: condensed tannins of 3.3% Quebra-
cho units standard (QU). We suggest that white-faced sakis accept a trade-off
for food items that are fibrous or astringent if they are also rich in lipids.
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White-faced sakis expand the typical definition of primate fruit-eater in their
high lipid-relatively high NDF-low FSS diet.

KEY WORDS: Neotropics; diet; seed predator; granivory; lipids; tannins; dietary fiber;
antifeedants; crude protein.

INTRODUCTION

Physical characteristics of fruit provide visual, tactile, and olfactory
cues to primates. Characteristics such as fruit type, size, color, toughness,
and hardness have been used separately or in combination—syndromes—to
show how mammals select fruit for ingestion (Bremer and Eriksson, 1992;
Gautier-Hion et al., 1985; Janson, 1983; Jordano, 1992; Kinzey and Norconk,
1990; Lucas et al., 2000; Willson and Whelan, 1990). Study of non-human pri-
mate diets began in the 1970s and combined field data collection with chem-
ical analysis of food items (Altmann, 1998; Altmann et al., 1987; Baranga,
1983; Calvert, 1985; Oates et al., 1980). These studies have served not only to
increase specific information about primate diets but also to eliminate gen-
eralized assumptions about primate nutrition. We analyzed diet from the
perspective of intake in addition to examining properties of individual food
items (Altmann, 1998).

Jordano (1992:122) described 3 types of avian frugivores: legitimate dis-
persers swallow fruit and defecate or regurgitate seeds intact; pulp predators
ingest only pulp leaving the fruit partially on the tree and dropping or leaving
seeds in situ; and seed predators, that may discard pulp in order to ingest the
seed. While the differences between these categories would be clear from a
plant’s perspective—seed disperser vs. seed destroyer—the morphological
differences of the consumers lies on a continuum that is more difficult to dis-
cern (Jordano, 1992). Primate frugivores fit comfortably into the first and last
categories, and small primates eating large fruit may act as pulp predators for
some fruit, e.g., Saguinus fuscicollis feeding on Parkia pods. Nevertheless,
most primates are closer to the legitimate disperser end of the continuum
and we know less about the strategies of seed predators, about the nature of
their food rewards, and their effect on plant reproductive success. While the
nature of food rewards of seed-eating is the topic of this paper, we have ar-
gued elsewhere that neotropical seed predators, including white-faced sakis,
can also be effective seed dispersers of particularly small-seeded fruit species
(Norconk et al., 1998). Unfortunately, no one has estimated the real cost to
the parents of large-seeded fruits.

Most primates ingest some fruit, and the category of fruit-eating is highly
diverse (Jolly, 1985; Strier, 2003). Langer and Chivers (1994) attempted
to standardize the classification of foods eaten by nonprimate mammals,
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primates, and marsupials. Fruit, nuts and cereals, including seeds, became
one of 16 categories, called diasporas, which show that this feeding cate-
gory is large and diverse. Food categories could be substituted for nutrient
categories. Milton (1993) categorized foods into 4 useful categories, 1) read-
ily accessible calories, 2) protein, 3) fiber, and 4) chemical defenses. Fruits
are high in calories, low in protein, moderate in fiber and low in chemical
defenses (Milton, 1993: 91). Sakis still stretch the definition fruit-eaters by
ingesting foods that are, on average, low in water soluble carbohydrates,
highly variable in protein, and high in fat, dietary fiber, and tannins (Kinzey
and Norconk, 1993).

The saki-uacaris (tribe Pitheciini) belong to an ancient Neotropical
clade of seed predators (Middle Miocene: Fleagle, 1998). They are distin-
guishable early in the fossil record by their dental anatomy. Field studies
have shown that this morphology allows them to open hard or protected
fruit dentally in order to gain access to seeds of ripening fruit (Anapol and
Lee, 1994; Kinzey and Norconk, 1990; van Roosmalen et al., 1988). Seeds
represent ≥60% of their monthly diets (Norconk, 1996). As seed predators
or granivores, they may be expected to ingest foods that are relatively rich in
both nutrients and protective compounds (Bell, 1978; McKey, 1974). In order
to determine what (primate) seed-eating signifies nutritionally, we report on
a year-long study of wild white-faced sakis in Lago Guri, Venezuela.

METHODS

Subjects

Pithecia spp. are the smallest-bodied of the pitheciines, and the white-
faced sakis, P. pithecia, are the smallest species of Pithecia (1.4–2.0 kg)
(Glander and Norconk, unpubl; Hershkovitz, 1987, Vie et al., 2001).
Hershkovitz (1987) recognized two groups of Pithecia, the P. pithecia group
(northeast of the Rio Negro and the Amazon River in Brazil, and particularly
throughout the Guianas) and the P. monachus group (west of the Rio Negro
and south of the Amazon River, including western Brazil and eastern Peru,
Colombia, and Ecuador). Sexual dichromatism is striking in the P. pithecia
group (white- or buffy-faced males contrast with agouti-colored females),
but female coloration is similar among species of both groups (Hershkovitz,
1987). Our population sample is from the most westerly P. pithecia, with the
apparent species boundary being the right bank of the Rio Caronı́ in eastern
Venezuela.

Observations of the study group began in 1990 and habituation was
completed before we collected feeding data. The group of 8 sakis consisted
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of 2 adult females, 1 subadult female, 4 adult males and 1 subadult male.
Despite its relatively large size, the group was cohesive during the study.
We analyzed feeding data from samples collected from November, 1991 to
October, 1992, a total of 34,674 min.

Study Site

The study site is a forested island in the northern region of Lago Guri,
the catchment basin for the Rio Caronı́ (Alvarez et al., 1986; Norconk and
Grafton, 2002; Terborgh et al., 1997). Huber (1986) characterized the vegeta-
tion in this portion of the lake as principally deciduous to semideciduous with
a strong, prolonged dry season. Annual rainfall ranged from 89.8 to 134.8
mm over a 5-yr period (1992–1996) with an average of 17.4 mm of rainfall in
the driest month (March) and 264.6 mm rainfall in the wettest month (July)
(EDELCA – Guri, Hidrologı́a annual reports). Tropical wet forests prevail
in the southern portion of the lake. The islands range from 0.25 ha to>350 ha.
Maximum lake depth was reached in 1986. Our research in Lago Guri began
in 1987. We have no evidence that white-faced sakis have traveled between
islands since their isolation. There are 2 saki species in the Caronı́ basin,
white-faced sakis (Pithecia pithecia) in the northern part of the lake (region
of Las Carolinas on Fig. 1) and bearded sakis (Chiropotes satanas) in the
south (area D on Fig. 1). Before flooding, the Caronı́ River was apparently
the western boundary for white-faced saki distribution in Venezuela and the
eastern boundary for bearded sakis. Red howlers (Alouatta seniculus) and
wedge-capped capuchins (Cebus olivaceus) also live on many islands in the
lake.

The white-faced saki study group occupied the 12.8-ha Isla Redonda
(7◦ 46′N, 62◦ 53′W). There is a paucity of studies on white-faced sakis in
free-ranging habitats. Buchanan et al. (1981) reported home range sizes of
4–10 ha in Suriname, and a recent survey in the Brownsberg Nature Park,
Suriname, suggests that this range is appropriate (Norconk, unpublished
data). Island vegetation was described by Aymard et al. (1997), Parolin
(1992), and Norconk and Grafton (2002). Parolin measured a total of 2,213
trees with a diameter at breast height (DBH) of ≤ 5.0 cm in 16-25-m2 plots.
She tabulated 57 species in 45 genera and 30 families. Three species of Legu-
minosae represented 52.6% of total stem area (Peltogyne floribunda and P.
paniculata in the Caesalpinoideae subfamily (after Gentry, 1993) and Acos-
mium stirtouii (Aymard & Gouzález, 2003) in the Papilionoideae subfamily).
The highest ranked white-faced saki feeding tree, Connarus venezuelanus
(Connaraceae), represented 7.5% of total stem area and was ranked fourth
in species abundance (Parolin, 1992).
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Fig. 1. Embalse de Guri (Guri Lake – stippled area, and surrounding
mainland) and the approximate location of the study island in the region
of Las Carolinas –C. The dam and hydroelectric plant are located ca. 12
km due west of Isla Redonda. Adapted from Aymard et al., 1997, with
permission from the author.

Sampling Techniques

We collected feeding data 5 days per mo for a 17-mo period in 1991–
1992. We report on the last 12 mo of the sample: November 1991 to October
1992. We used all-occurrence, all-individual sampling while the subjects fed.
We documented the time of entry (to the nearest min) of each individual
into a feeding tree (start feeding), identification of plant species, and the exit
time (stop feeding) to the nearest min. For each feeding bout, we calculated
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the total feeding time of each individual. Individual sampling was facilitated
by the excellent habituation and cohesive nature of the group. If individuals
became involved in activities that interrupted feeding activities, e.g., mob-
bing a predator or chasing a conspecific, we considered the feeding sample
incomplete and stopped sampling. Data taken while in a feeding tree in-
cluded the part of the fruit ingested—seed only, pulp only, exocarp only, or
whole fruit which included seed and exocarp—and if any part of the fruit
was dropped: seed, pulp, seed coat, or exocarp. Plant species were identified
by G. Aymard, Herbarium, UNELLEZ, Estado Portuguesa, Venezuela (see
Aymard et al., 1997).

We collected fruit and leaf samples of food items from representative
samples of the same plant species at the same stage of maturity that they
were eaten and often at the time of feeding. We separated seeds from pulp,
seed coats, and exocarp while wearing plastic gloves. We weighed plant parts
and dried them separately. We analyzed samples nutritionally within a year,
but macronutrients and tannins are slow to deteriorate. We obtained a wet
weight and dried the samples at 50◦C to a constant weight in an electric
laboratory oven at the base camp in Guri. Once dried, we stored samples
in sterile, whirl-pak plastic bags. We also collected plant parts and occa-
sionally plant species that were not eaten, but we were very specific about
the items collected for this category. For example, if the seed was eaten and,
during the process of ingesting it, the exocarp was dropped, the exocarp
would be considered not eaten. Sakis often discard the exocarp and seed
coat before ingesting seeds. Food species selected for nutritional analysis
included both portions of fruit eaten and portions not eaten.

Two further points must be clarified about our sampling methods. First,
we do not present data on insect-eating, since only a small portion of the
insect prey has been sampled nutritionally and many of the objects (pre-
sumed invertebrates) were never identified. In 1991–1992, Pithecia spent
<3% of their time averaged among 4 seasons ingesting insects (Norconk,
1996). Our concentration on collecting adequate samples of plant species
ingested yielded a minimum of 82% of the plant diet sampled each month.
Thus, we feel that we recorded a reasonably accurate picture of white-faced
saki nutrition even in the absence of the insect data. Second, we used time-
based estimates of intake instead of weight-based estimates (g dry weight).
We used this method so that the data collected on white-faced sakis would be
comparable to those collected for bearded sakis over the same annual cycle
(Norconk and Conklin-Brittain, in prep). Unlike the white-faced sakis, for
which we could collect both time-based and weight-based samples, we were
not able to distinguish between individual bearded sakis and were limited
to collecting group timed-based data. Furthermore, in a recent analysis, we
tested the assumption that time-based samples and weight-based samples are
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significantly different and found no statistical difference in the comparison
of nutrients ingested via the 2 methods for Pithecia (Norconk and Conklin-
Brittain, 2000; Knott, 1999). Therefore, we report time-based estimates of
intake.

Nutritional Analysis

We conducted nutritional analysis in the nutritional chemistry labora-
tory in the Anthropology Department at Harvard University. We determined
crude protein (CP) via the Kjeldahl procedure for total nitrogen and mul-
tiplying by 6.25 (Pierce and Haenisch, 1947). We used the detergent system
of fiber analysis (Goering and van Soest, 1970) as modified by Robertson
and van Soest (1980) to determine the neutral-detergent, or total cell wall
fraction (NDF) which includes hemicellulose (HC), cellulose (Cs), sulfuric
acid lignin (Ls) and cutin. We measured lipid content via petroleum ether
extraction for 4 days at room temperature, a modification of the method of
the Association of Official Analytical Chemists (AOAC, 1984).

We estimated free simple sugars (FSS) (formerly referred to as wa-
ter soluble carbohydrates (WSC): Conklin-Brittain et al., 1998) via a phe-
nol/sulfuric acid calorimetric assay of Dubois et al. (1956) as modified by
Strickland and Parsons (1972). Sucrose was the standard. We calculated to-
tal nonstructural carbohydrates (TNC) as follows: TNC = 100 - %NDF -
%lipids - %CP - %ash (Conklin-Brittain et al., 1998). We represent results
of these analyses as a percentage of dry matter.

We measured condensed tannin (CT) content via the proanthocyani-
dine test of Bate-Smith (1975) and modified by Porter et al. (1986). We mea-
sured total bioactive tannins (both condensed and hydrolyzable tannins) by
the radial diffusion method (Hagerman, 1987). Quebracho (QU) was the
standard for both tannin assays. We report the tannin results as a percentage
of quebracho units, and not as a percentage of dry matter.

Statistical Analysis

We computed monthly, seasonal, and annual weighted averages
(“intake”) by multiplying the chemical fraction of each plant part or species
by the time spent feeding on that plant part or species each mo: intake =
6(Fi × Xi )/6Fi , where in Fi is the daily time budget invested in feeding
per day (in min) and Xi is the value of each chemical parameter for the ith
item [Davies et al., 1988]. We divided the annual cycle into 4 seasons: early
wet (May through July), late wet (August to October), early dry (November
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through January) and late dry (February through April) based on rainfall
data (Norconk, 1996). We multiplied monthly intake times the (3) respective
months to obtain values for seasonal intake.

We entered results of the chemical assays into SPSS 9.0 for WindowsTM.
Some of the data were not distributed normally, so we used nonparamet-
ric tests to measure intermonthly and interseasonal variation in intake and
to determine correlations between nutrients and antifeedants. For multiple
regressions, we log transformed the dependent variable, i.e., percent time
feeding, but not the independent variables. All tests are two-tailed with the
level of significance set at ≤0.05 unless otherwise noted.

RESULTS

Dietary Composition

The majority of dietary items ingested (88.3%± 6.9%, n = 12 mo) were
fruit, followed by 5.7% ± 4.8% young leaves, 3.0% ± 3.2% insects, 1.8% ±
1.7% flowers, 0.0 ± 0.1% pith (Fig. 2). Less than 1.5% of the timed samples
are from unidentified sources. We further divided fruit into seeds of nuts and
drupes, winged seeds (family Bignoniaceae), legume seeds, whole drupes, of
Loranthaceae whole fruit, and mesocarp (pulp). The ingested seeds were pri-
marily from nuts and drupes, though as much as 33.8% of the early dry season
samples were legumes and 2.1% of the early dry season sample was winged
(Bignoniaceae) seeds. The average monthly seed consumption of all types,
excluding seeds eaten with the pulp, is 63.2%± 32.7% (ranging from a 3-mo
average of 94.2% in the early dry season to 30.8% in the late wet season).

Leaves were the most important resource after fruit. They made≤14.3%
of the late dry season diet (April), but were also >8% of the monthly diet
in the wet season months of June and July and the dry season month of
December (Fig. 2). We collected phenological data concurrently with the
feeding data by Homburg (1997) and Peetz. They collected monthly data on
270 stems in 39 species representing 68.4% of the species tabulated by Parolin
in her vegetation sample of the island (1992). Homburg (1997) showed that
young leaf production peaked in the early wet season (May and June) when
approximately 50% of stems in the phenological sample had young leaves.
However, we found no correlation between the phenological patterns in
young leaf production and saki feeding (Spearman rho= 0.23, ns, n= 12 mo).

Flowers averaged approximately 3% of the monthly white-faced saki
diet in the dry season (November to April, range 0.6% to 4.3%) and then
declined in the wet season (X̄ = 0.9%, range = 0 − 2.7%). This is opposite
the pattern in the phenological samples (Spearman rho = −0.61, p < 0.05).
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Fig. 2. White-faced saki diet from November 1991 to October 1992 as represented by per-
centages of all-occurrence timed samples during which fruit, including seeds, leaves, flowers,
and insects were ingested.

Phenology revealed that flower production was relatively constant over the
course of the year. Stems in flower represented 5–15% of each monthly
sample (X̄ = 8.7% ± 3.4% per month year-round) (Homburg, 1997: Figure
3.6). Availability of the broad range of resources in the phenological samples
was not a particularly good predictor of flower availability since the samples
included few lianas that were important in the flower portion of the saki
diet, e.g., from Bignoniaceae, Polygalaceae, and Passifloraceae. Insects were
more commonly eaten in the wet season, particularly during June, August,
and September (see Fig. 2); we have no information about availability of this
resource.

Nutrient Analysis of Plant Items

We sampled an average of 92.6% (n = 12 mo, range = 82–100%) of
the plant species ingested by white-faced sakis during 1991–1992 for nutri-
ents and antifeedants. We divided plant items into 10 categories: arils, seeds
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Fig. 3. Proportion of macronutrients in plant parts that were eaten (e) and not
eaten (ne). The macronutrients are: Lipids, FSS – free simple sugars; CP= crude
protein; and, TNC = total nonstructural carbohydrates. All items are compared
as a % of DM (dry matter). With regard to plant parts, the following abbreviations
indicate relative maturity: m = mature, y = young; im = immature.

(young and mature), pulp or mesocarp, whole drupes (young and mature,
included seeds), flowers, exocarp and leaves (young and mature) (Table II).
We also collected both eaten and not eaten plant parts from 13 species for
nutritional analysis (Table II and Fig. 3).

The most lipid-rich resources were arils of Connarus venezuelanus that
were >60% lipids by dry matter (DM) (Table I). Both young and mature
seeds were also relatively high in lipids. Fruit pulp, young and mature leaves,
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flowers, and immature and mature drupes were uniformly low in lipids (<5%
lipids DM).

Free simple sugars were 3 times higher in the only sample of fruit pulp
(Capparis muco: 26.6% DM) than in young seeds (X̄ = 13.2 % ± 14.7%,
n = 13). Pulp and seeds were ingested together in small drupes that were
masticated whole. The FSS of these samples (X̄ = 14.7% ± 10.3%, n = 9) is
lower than pulp only, but higher than the average for young seeds only (9.2
± 14.7% DM, n = 13) (Table II).

Average crude protein (CP) values are >8% DM in all items ingested
by the white-faced sakis. The highest crude protein values are for young
seeds, young drupes and young leaves. CP is uniformly lower in mature
seeds, drupes, and leaves.

Total nonstructural carbohydrates (TNC) are lowest (<16% DM) in
immature drupes that were eaten and aril of Connarus venezuelanus and
highest in the only sample of flowers with a sufficient sample (58.5% DM,
n = 1) and mature drupes (31.8% ± 19.5%, n = 9).

Neutral detergent fiber (total cell wall fiber=NDF) is lowest in flowers,
aril and fruit pulp, and≥40%DM for all other items: seeds, drupes with seeds,
and leaves. Acid detergent fiber (NDF minus hemicellulose) followed the
same pattern. The ADF of seeds, drupes with seeds, and leaves are ≥ 23%
DM.

A few items tested had little or no evidence of CTs: aril of Connarus
venezuelanus; immature pulp of Capparis muco. The highest CT values are
in mature seeds (average >11.0% ± 19.1% QU, n = 6) and mature leaves
(average 9.0% ± 2.2% QU, n = 4). Total bioactive tannins are also highest
in some mature seeds and leaves (>18% QU).

Comparison of Eaten and Not Eaten Plant Parts

White-faced sakis ingest many seeds from immature fruit. We have des-
ignated them immature, but they are usually full-sized seeds embedded in
an immature fruit (Norconk et al., 1998). If the sakis ingested pulp or aril, it
was usually from mature fruit since these structures are undeveloped in im-
mature fruit. If they ingested leaves, they were uniformly young ones. Thus,
we had available a variety of combinations of eaten and not eaten plant
parts from the same plant species—the not eaten specimens were often col-
lected at the opposite stage of maturity or a different plant part than that
ingested.

A comparison of all seeds, both from young (n = 16 spp) and mature
(n = 13 spp) fruit and whether eaten or not eaten (Figs. 3 and 4), showed
a significant difference only in %DM of crude protein. Young seeds were
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Fig. 4. Proportion of fiber and tannins in plant parts that were eaten (e) and not
eaten (ne). The abbreviations used to describe the relative maturity of the plant
parts are the same as in Fig. 3. NDF=neutral detergent fiber, ADF= acid detergent
fiber, CT = condensed tannins, RD = radial diffusion (total tannins). CT & RD
expressed as % QU.

higher in CP than mature seeds (Mann Whitney Test, Z = 38.5, p < 0.01).
We found no difference in nutrient or deterrent properties of young seeds
that were eaten and those that were not eaten. Mature seeds that were eaten
(n= 7 spp) are higher in lipids than mature seeds that were not eaten (n= 6
spp) (Z = 7.0, p = 0.05) (Fig. 3). Thus, young seeds that were eaten by sakis
could not be distinguished from young seeds that were not eaten by higher
nutritional content or lower levels of NDF, ADF, or tannins, but the sakis
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appeared to be more selective of the mature seeds they ingested. Although
the sample sizes are small, mature seeds that are ingested are higher in lipids
(24.8% vs. 8.5%) (p< 0.05) and FSS (11.1% vs. 6.3%) (ns), and lower in CT
(5.6% vs. 11.0%) (ns) and RD (4.8% vs. 20.3%) (ns).

We found no significant difference in the average levels of tannin (CT
and RD) values for plant parts eaten and not eaten (CT: Mann Whitney Test,
Z=−0.06, ns, n1 = 7 categories of uneaten parts; n2 = 7 categories of eaten
parts: RD: Z=−1.22, ns., n1=7 categories of uneaten parts; n2=5 categories
of eaten parts: Table II). Some seeds that were eaten were >10% QU (e.g.
Angostura trifoliata: Rutaceae; Hirtella racemosa: Chrysobalanaceae; and
Xylopia aromatica: Annonaceae) (Table I).

Analysis of plant parts that are commonly included in the diets of many
frugivores, i.e., fruit pulp and arils, showed that mature pulp is higher in FSS
and TNC than immature pulp. Arils of Connarus venezuelanus are >60%
lipids (Figs. 3 and 4).

Sakis ingested young leaves only (n = 2 spp analyzed), and they are
higher in CP, and lower in NDF, ADF and CT than mature leaves are. How-
ever, many plant parts ingested by white-faced sakis are >40% NDF. They
include immature and mature drupes and seeds from young and mature
fruit (Fig. 4). There is no difference between young leaves that were eaten
and young leaves that were not eaten, but the sample size is small (Figs. 3
and 4).

In summary, of the 3 major food sources used by white-faced sakis—
seeds from young fruit, seeds from mature fruit, and mature drupes—young
seeds are highest in crude protein, mature seeds are highest in tannins and
lipids, and mature drupes are highest in FSS, TNC, and dietary fiber. The only
significant difference is in CP levels in young seeds compared to mature seeds
and mature drupes (Kruskal-Wallis H = 12.9, df = 2, p < 0.01). Since CT
values ranged >10% QU and NDF values were often >40% DM for many
plant parts ingested, the sakis did not avoid food items that are relatively
high in tannins or total fiber.

Monthly and Seasonal Intake

We weighted the nutrient content of each resource by the time spent
feeding during each month of the study. Then we added nutritional values
of each resource together to estimate intake monthly (Fig. 3) and seasonally
(Table III) . The sample period for each month consists of 5 complete and
contiguous days of sampling. Intake of lipids and TNC showed significant
differences among months, but FSS and CP did not (Table IV). Among
the antifeedants, we found a significant difference among months for NDF,
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Table III. Seasonal and annual weighted averages for Pithecia. Seasons are 3-mo long each:
early dry (Nov-Jan), late dry (Feb-Apr), early wet (May-Jul), and late wet (Aug-Oct). The
nutrient fractions are weighted by total feeding time each month and grouped together to
provide seasonal estimates of intake. DM = dry matter, QU = quebracho units (see Methods)

Season CP∗ FSS Lipids NDF HC Ls Cs TNC Cutin CT RD

% DM % QU

Early dry 7.75 4.00 21.65 40.76 16.81 16.83 11.26 23.52 8.50 5.66 5.49
Late dry 10.69 11.36 27.46 25.35 6.69 9.03 6.21 22.12 2.90 2.47 3.70
Early wet 12.64 7.77 21.65 29.97 10.61 8.91 10.14 24.26 1.70 2.21 7.62
Late wet 3.98 21.31 11.43 31.46 9.97 8.15 7.41 32.51 3.80 5.50 2.78

∗CP= crude protein, FSS= free simple sugars, NDF= neutral detergent fiber, HC= hemicel-
lulose; Ls = lignin, Cs = cellulose, TNC = soluble carbohydrates, CT = condensed tannins,
RD = radial diffusion method of detecting bioactive tannins.

ADF, and hemicellulose, as well as both CT and RD, but not for lignin and
cellulose.

Intake by season shows that the ingestion of lipid-rich resources, i.e.,
average lipid values >20% DM, peaked in the late dry and early wet sea-
sons with the ingestion of young seeds from Connarus venezuelanus and
Actinostemon schomburgkii. Lipid intake was low (11.4%) in the late wet
season when FSS intake peaked with an increase in the ingestion of mesocarp
or fruit pulp, e.g., Capparis muco, Chioccoca alba, and Morinda tenuiflora.
Intake of total fiber (NDF) was highest in the early dry season (36.4% to
44.2% DM). Leaf-eating increased in December (Fig. 1), an early dry sea-
son month, but the annual peak of leaf-eating was in April, late dry season,
when intake of NDF was relatively low (29.3% DM). Therefore, high levels
of NDF were not associated with leaf-eating. Instead, they corresponded to

Table IV. Monthly intake: average, standard deviation (Std). Wilocoxon signed
rank Z scores are presented for each nutrient/antifeedant. The data were com-
pared among months, n = 12. Two-tailed P values are reported for significant

differences (≤0.05), otherwise the siginificance level is ns (not significant)

Nutrient/antifeedant Mean Std Z score Significance

Lipids 16.05 8.60 2.35 0.019
FSS 3.40 3.59 1.49 ns
TNC 20.54 17.83 2.59 0.010
CP 6.45 4.45 0.31 ns
NDF 38.40 10.53 3.06 0.002
ADF 22.38 6.86 3.06 0.002
Hemicellulose 11.02 4.48 2.59 0.010
Lignin 11.16 6.03 1.80 ns
Cellulose 7.96 4.06 1.33 ns
CT 3.29 2.92 2.67 0.008
RD 3.74 2.25 2.04 0.040
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high intake of seeds from Licania discolor (22.3% of intake) and Ouratea
roraimae (12.6% intake) (Table I: NDF values). Cutin levels also peaked in
the early dry season, which was not unexpected given the marked seasonality
of the forest.

Multiple Regression of Feeding Time and Nutrients

In order to examine feeding selectivity, we calculated percent feeding
time of 31 resources ingested in 1991-2 and chose 6 relatively correlation-free
chemicals that could be examined relative to feeding time. The 31 resources
represented 81% of the annual saki diet, and were chosen for the relative
completeness of their nutritional data (Table I). The 6 chemicals analyzed are
lipids, CP and FSS, hemicellulose, lignin, and condensed tannins. Using data
from the intake sample, lipids × FSS, and lipids × CP are not correlated
(rho = 0.52, ns, & 0.48, ns, respectively). The CP × FSS are significantly
correlated (rho = 0.69, p < 0.05). Since the fiber fractions are all strongly
correlated with each other, both in terms of extraction method and biology,
we chose one fiber fraction, hemicellulose, that may be partially digestible by
sakis and lignin because it is completely indigestible. We chose condensed
tannins (CT) because in high levels it is likely to be a deterrent. It is not
correlated with any of the other 5 variables.

We log transformed percent feeding time and used it as the dependent
variable with the 6 chemicals as independent variables in the multiple re-
gression equation using the backward elimination method (Norušis, 1993).
There were some missing values that were based on the size of dried sample.
Missing values (3 for lipids, 2 for CP, 14 for FSS, 0 for hemicellulose, 2 for
lignin, and 9 for CT) were treated via the pairwise missing-value approach in
the multiple regression equation. The probability of F-to-remove the vari-
able was 0.10. The variable with the smallest partial correlation coefficient to
feeding time was removed first: FSS. This was followed sequentially by CP,
then lignin, then CT, and then hemicellulose (Table V). The lipid variable
was the last one to be removed and the most strongly correlated with feeding
time (F= 11.5, p= 0.007). The 6 variables combined explained>80% of the
variance in feeding time (R2 = .824). Lipids alone explained ca. 50% of the
variance (R2 = .535).

In the process of examining the multiple regressions, we found several
correlations among the independent variables in the sample. The FSS and
lipids are negatively correlated (Pearson R = −0.51, p = 0.046, one-tailed
probability, n = 12), as are FSS and CT (R = −0.594, p = 0.21, one-tailed
probability, n = 12). Lignin is positively correlated with CT (R = 0.691, p
= 0.006, n = 12) and weakly correlated with lipids (R = 0.473, p = 0.06,
one-tailed probability, n = 12).
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Table V. Multiple regressions: % feeding time on each plant species (log transformed depen-
dent variable) on 6 nutrients/deterrents, the independent variables: lipids, crude protein (CP),
free simple sugars (FSS), hemicellulose (Hc), condensed tannins (CT), and lignin (Ls). The
independent variables were eliminated in a backward elimination so that the variable least

correlated with feeding time was eliminated first

Regression model Sum of squares df Mean square F Sig.

CT. CP, Hc, Lipids, FSS, Ls 7.043 6 1.174 3.902 0.078
CT, CP, Hc, Lipids, Ls 6.991 5 1.398 5.393 0.032
CT, Hc, Lipids, Ls 6.786 4 1.696 6.744 0.015
CT, Hc, Lipids 6.084 3 2.028 6.589 0.015
Hc, Lipids 5.179 2 2.589 6.919 0.015
Lipids 4.574 1 4.574 11.513 0.007

DISCUSSION

Milton (1993) characterized the diets of primate frugivores as being
low in protein (compared those to insectivores and folivores), highest in ac-
cessible calories (FSS and total non-structural carbohydrates), moderate in
dietary fiber and low in chemical defenses. Kay (in Tattersall et al., 1988)
projected a similar nutritional profile for frugivores with the addition that
lipid intake depended on seed ingestion. White-faced sakis ingested a wide
variety of fruit resources: seeds of mature and immature fruit; whole dru-
pes; pulp and aril, young leaves and insects, but most of the plant items
in their diet each month could be classified as fruit. Despite the relative
homogeneity that might be expected in a diet that is mostly fruit, it was
nutritionally quite variable. While there is little variation in crude protein,
free simple sugars, and the two tannin measurements (CT and RD) in the
month-to-month intake (Table IV and Fig. 5), more variation occurs in
lipids, TNCs and total fiber. Plant parts that are high in lipids are mostly
seeds, though arils of Connarus venezuelanus surpassed all seed lipid values
(Table I).

Nevertheless, Milton (1993) and Kay (in Tattersall et al., 1988) were
mostly correct in their broad-stroke attempt to characterize frugivore nu-
trition. Crude protein values for the white-faced saki diets are 1/2–1/4 that
reported for a sample of colobines, but ADF intake for the sakis is close to
the lower level reported for them (Colobus guereza, 25.2% DM: Waterman
and Kool, 1994:272; they did not report NDF values). The CT intake by the
sakis is within the range of variation reported for colobines (0.1% QU to
9.4% QU) (Waterman and Kool, 1994). Thus ADF and CT intake is rela-
tively high for sakis that weigh only 1.5 to 2.0 kg compared to larger-bodied
colobines (minimum biomass = 5 kg: Oates et al., 1994).
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Fig. 5. Intermonthly comparison of food intake weighted by time spent feeding. Each
box plot exhibits the median and 25th to 75th interquartile range. The range is indicated
by vertical lines. FSS= free simple sugars, Complex carbs= total non-structural carbo-
hydrates, CP = crude protein, NDF = neutral detergent fiber; ADF = acid detergent
fiber, CT = condensed tannins (% QU).

White-faced saki lipid intake was ca. 4 times higher, CP was 2–3 times
lower, and total fiber was slightly higher compared with the nutritional val-
ues for other frugivores, e.g. red-tailed monkeys: Cercopithecus ascanius
(Conklin-Brittain et al., 1998). Of the fiber fractions, lignin intake by the
sakis is higher than any of the catarrhines sampled by Conklin-Brittain et al.
(1998), and lignin in our study correlates positively with lipids. If sakis select
for lipids as our data suggest, then the resources that they had available to
them on Isla Redonda are also low in FSS.

Returning to the presumption that frugivores avoid foods that are rel-
atively high in dietary fiber or condensed tannins, the ability to ignore or
even utilize food items that are relatively high in fiber can be explained in
part by their relatively long transit time (14–15 h) and mean retention time
(25.6 h: Norconk et al., 2002). Digesta transit time estimates are compara-
ble to those of several cercopithecines (Maisels, 1993; Lambert, 1998, 2002).
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Fig. 6. Variation in the intake of the 4 macronutrients by month: lipids; total non-structural
carbohydrates (TNC); crude protein; and, free simple sugars. Months are indicated numerically
beginning with January = 1, February = 2, etc.

Relatively long retention time may allow at least partial digestion of cel-
lulose and hemicellulose (classified as Class 2 forage components: variable
digestibility depending on degree of binding to lignin which is indigestible,
Class 3: van Soest, 1994). In the multiple regressions of feeding time on 6
nutrient/deterrent variables, FSS, CP, and lignin were excluded before CT.
Not much of a deterrent and some highly ranked foods are also high in CT
values (Table I).

Intake of crude protein is low in sakis relative to that of colobines
that ingest significant quantities of leaves, though the CP averages reported
by Conklin-Brittain et al. (1998) for 3 species of catarrhine monkeys and
chimpanzees is more than twice that of white-faced sakis. With the exception
of young leaves of Tabebuia serratifolia, intake of leaves by the sakis was
haphazard, grabbing and ingesting a leaf here and there as they moved
through the forest. Leaves made up only 5.7% of the white-faced saki diet
in the annual cycle, but we suspect there is wide interannual variation in CP
intake due to the variability in insect availability. For example, grasshoppers
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(Tropidacris sp.: Orthoptera) were not present on the island during the 1991–
1992 sample period, but appeared in large numbers in the dry season of 1995.
They are very high in CP (58% DM, Norconk and Conklin-Brittain, unpubl),
but due to the intermittent availability and perhaps unpredictability it is
likely that white-faced sakis depend on resources that are quite low in CP
(Fig. 6). Some seeds were>20% CP, e.g. young Actinostemon schomburgkii
and Alibertia latifolia seeds (Table I), and the pulp of one fruit was 18.7%
CP (Capparis muco), but monthly weighted averages suggest that much of
their intake of CP is relatively low. Thus, white-faced saki diets that are
predominantly seeds are not necessarily very high in CP, unlike diets of
catarrhine seed predators, i.e. black colobus and geladas (Waterman, 1984).

Kinzey and Norconk (1993) suggested that white-faced sakis may accept
a trade-off for food items that are high in antifeedants if they are also high
in nutrients. Specifically, Kinzey and Norconk (1993) proposed that white-
faced sakis might be willing to ingest relatively astringent foods (high CT
values) if the foods were also high in fat. Reynolds et al. (1998) proposed
that a similar trade-off existed for chimpanzees; figs that are high in sugars
are also high in tannins. They found no difference between eaten and not
eaten foods based on CT values, but they found significant differences in
the sugar content (sucrose, fructose, and glucose) of the two kinds of foods.
We found that lipids explain >50% of the variance in percent feeding time,
suggesting that sakis pay a lot of attention to lipids, even when lipids are
negatively correlated with FSS and positively correlated with lignin.

Even though intake of FSS was low for frugivores, white-faced sakis
might use FSS to gauge levels of CP and lipids (correlated in the intake
sample, but not the total sample) and tannins as a cue to gauge levels of
NDF (NDF and CT are positively correlated and NDF and RD show a strong
positive trend (p=0.06) in the intake sample, but not the total sample). There
may also be a general trend with regard to fruit ripening, e.g. correlations
between FSS and fiber levels. In both our study and that of Remis et al.
(2001: lowland gorillas), there are significant (or nearly signficant) negative
correlations between FSS and both NDF and ADF in fruit.

We calculated the crude protein values as %N× 6.25 because we believe
that the 4.3 conversion factor is an overly severe correction (Conklin-Brittain
et al., 1999). While the 4.3 conversion factor reflects how much true protein is
present, it does not measure any of the nonprotein nitrogen (NPN) present.
Although the ability of simple-stomached animals to utilize NPN has not
been thoroughly studied, humans can incorporate some NPN sources into
their body proteins (Rikimaru et al., 1985). We recommend instead, if more
exact measures of protein are required, that the acid-detergent insoluble-
N be determined and subtracted from the total N present (Conklin-Brittain
et al., 1999). However, that requires larger food sample sizes and more money
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to perform the additional correction analyses. The adoption of 4.3 as a con-
version factor is not urgent, since we still do not know the extent to which
NPN can be utilized by our study species.

We are confident that we have described the diet of white-faced sakis
living in a tropical dry forest in eastern Venezuela, however this study begs
for comparative data. Our subjects are at the far western edge of the dis-
tribution of the species and, while a variety of habitats are tolerated by
white-faced sakis, many populations in the Guyanas inhabit wetter habitats.
It remains to be seen whether we have described species-specific or habitat-
specific patterns of food intake. Nevertheless, two general conclusions can be
made. What we found nutritionally is not surprising for animals specializing
on seeds, regardless of why they are specializing on seeds, and seed-eaters
give a very different nutrient profile from those of pulp-eaters.
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Norušis, M. J. (1993). SPSS for WindowsTM Base System User’s Guide, Release 6.0. SPSS, Inc.
Chicago, 828 pp.

Oates, J. F., Waterman, P. G., and Choo, G. M. (1980). Food selection by the south Indian
leaf-monkey, Presbytis johnii, in relation to leaf chemistry. Oecologia 45: 45–56.

Parolin, P. (1992). Characterization and Classification of the Vegetation in an Island of Lake Guri,
Venezulela. Unpublished MA Thesis, University of Bielefeld, Germany, March, 1992.

Pierce, W., and Haenisch, E. L. (1948). Quantitative Analysis, 3rd edn, John Wiley & Sons,
New York.

Porter. L., Hrstich, L. M., and Chan, B. G. (1986). The conversion of procyanidins and prodel-
phinidins to cyanidin and delphinidin. Phytochemistry 25: 223–230.

Remis, M. J., Dierenfeld, E. S., Mowry, C. B., and Carroll, R. W. (2001). Nutritional aspects of
western lowland gorilla (Gorilla gorilla gorilla) diet during seasons of fruit scarcity at Bai
Hokou, Central African Republic. Int. J. Primatol. 22: 807–836.

Reynolds, V., Plumptre, A. J., Greenham, J., and Harborne, J. (1998). Condensed tannins and
sugars in the diet of chimpanzees (Pan troglodytes schweinfurthii) in the Budongo Forest,
Uganda. Oecologia 115: 331–336.

Rikimaru, T., Fujita, Y., Okuda, T., Kajiwara, N., Date, C., Heywood, P. F., Alpers, M. P., and
Koishi, H. (1985). Utilization of urea nitrogen in Papua New Guinea highlanders. J. Nutr.
Sci. Vitam. 31: 393–402.

Robertson, J., and Van Soest, P. J. (1980). The detergent system of analysis and its application to
human foods. In James, W.P.T. , Theander, O. (eds.),The Analysis of Dietary Fiber in Food,
Marcel Dekker, New York, Chap. 8, pp. 123–158.



P1: GXB

International Journal of Primatology [ijop] pp1082-ijop-478143 January 30, 2004 12:11 Style file version Nov. 18th, 2002

26 Norconk and Conklin-Brittain

Strickland, J., Parsons, T. R. (1972). A Practical Handbook of Seawater Analysis, Bulletin 167,
2nd edn, Fisheries Research Board of Canada, Ottawa.

Strier, K. B. (2003). Primate Behavioral Ecology. 2nd edn, Allyn and Bacon, Boston, 422 pp.
Tattersall, I, Delson, E., and Van Couvering, J. (1988). Encyclopedia of Human Evolution and

Prehistory. Garland Publishing, New York.
Terborgh, J., Lopez, L., Tello J., Yu, D., and Bruni A. R. (1997). Transitory states in relaxing

ecosystems of land bridge islands. In Laurance, W. F., and Bierregaard, R. O. (eds.), Tropical
Forest Remnants: Ecology, Management, and Conservation of Fragmented Communities,
Chicago University Press, Chicago, pp. 256–274.

van Roosmalen, M. G. M., Mittermeier, R. A., Fleagle, J. G. (1988). Diet of the northern bearded
saki (Chiropotes satanas chiropotes): a neotropical seed predator. Am. J. Primatol. 14(1):
11–35.

Van Soest, P. (1994). Nutritional Ecology of the Ruminant, 2nd edn, Comstock Publishing As-
sociates, Cornell University Press, Ithaca, NY.
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