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Notes on the Ecology of Buffy Saki Monkeys (Pithecia 
albicans, Gray 1860): A Canopy Seed-Predator 

CARLOS A. PERES 
Museu Goetdi, Departamento de Zoologia, Belkm, Pard, Brazil 

Data on the ecology and diet of buffy sakis (Pithecia albicans) were ob- 
tained during a 20-month study in an entirely undisturbed terra firme 
forest in the upper Urucu river, Amazonas, Brazil. Groups of 3-7 sakis 
found in a 900-ha study plot used large home ranges (147-204 ha), which 
overlapped extensively with those of neighboring groups. Similar to other 
pitheciines, buffy sakis were primarily seed predators, relying heavily on 
young seeds of certain key plant families, such as the Sapotaceae and 
Leguminosae. Ripe fruits, ripe seeds, young leaves, flowers, and nectar 
were eaten to a lesser extent. Whether or not feeding, sakis spent most of 
their time in the canopy and subcanopy, a pattern similar to that of other 
southwestern Amazonian saki species, but sharply different from that 
of Guianan sakis (Pithecia pithecia), which use considerably lower levels 
of the forest. Comparisons are made between different Pithecia species 
to show whether and how P. albicans diverges ecologically from its 
congeners. 0 1993 Wiley-Liss, Inc. 
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INTRODUCTION 
Saki monkeys (genus Pithecia), despite their wide distribution in Amazonian 

forests, remain one of the least studied of all Neotropical primates. Of the five 
species recognized to date [Hershkovitz, 19871, only P. pithecia has been subject to 
any detailed field observations [Buchanan et al., 1981; Oliveira et al., 1985; Setz, 
1985, 19871. Next to nothing is known about sakis in southwestern Amazonia 
belonging to the Pithecia monachus group-P. monachus, P. irrorata, P. albicans, 
and P. aequatoriulis. What little data are available on these species are derived 
from primate population surveys [Freese et al., 1982; Peres, 19901, short-term 
studies [Happel, 19821, and diffuse observations during longer-term synecological 
studies [Johns, 1986; Soini, 19861. 

The buffy saki (Pithecia albicans), which was first collected near Tefe by Henry 
Bates in the early 1850s, is known from only three museum specimens, and Johns’s 
[1985, 19861 observations over 12 months at Ponta da Castanha, Tef6, Amazonas. 
This species was previously thought to be restricted to a relatively small area, 
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Fig. 1. Location of the terra firme forest study site, near the Urucu River headwaters, Teft5, Amazonas, Brazil. 

between the lower Rio Purus and Rio Tefe, south of the Rio Solim6es-Amazonas 
[Hershkovitz, 19871. A series of recent primate surveys I conducted in western 
Brazilian Amazonia, however, has clearly extended this species’ geographic range 
to the east bank of the lower Rio Jurua, Amazonas [Peres, unpublished data]. 

Here I report preliminary observations on the ecology of buffy sakis obtained 
during a 20-month study in a entirely undisturbed central Amazonian forest, with 
the purpose of underlining the ecological variability within the genus Pithecia. 
Data on buffy sakis’ habitat use, population density, group size, vertical use of 
space, home range size, and feeding ecology are presented and compared to that of 
congeners elsewhere. Finally, I suggest that P. albicans and other southern Am- 
azonian congeners diverge ecologically at least to a certain extent from Guianan 
sakis (in the P.  pithecia group) because of the former species’ larger body size and 
use of considerably higher forest strata. 

METHODS 
Study Area 

Observations on buffy sakis were conducted within a 900-ha plot of primary 
terra firme forest, located 4-8 km inland from the upper Urucu river (180 km 
south of Tefe), Amazonas, Brazil (4’50’52’’ S; 65’16‘05” W) (Fig. 1). This forest plot 
was served by an extensive trail grid and consisted largely of high forest (93%) on 
well-drained, undulating terrains (53-71 rn above sea level) and two low-lying 
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forest types-creekside forest (5%) and palm swamps (2%)-which occurred along 
a perennial black-water stream. Annual rainfall in the upper Urucu was consid- 
erably seasonal, and averaged 3,256 ? 589 mm (n = 2 years). A detailed descrip- 
tion of the study area is presented elsewhere [Peres, 1991aI. 

Field Observations 
Following a preliminary survey in April 1987, several groups of buffy sakis 

were observed with the help of two field assistants during 146 independent sight- 
ings and brief follows (lasting 2-161 min: mean = 23 min) between February 1988 
and September 1989. Because none of the groups became habituated to humans, 
behavioral sampling was discontinued when animals alarm-called and fled the 
observer. This prevented possible sampling biases, such as the use of higher forest 
levels as a escape response. On each of these follows, the group size, composition, 
activity, and height above ground were determined every 10 min. Heights of more 
than one animal were estimated if they were spaced by vertical distances of 4 m or 
more. Otherwise I simply recorded the modal height of all visible animals in the 
group. Sakis were observed during 123 plant feeding bouts (defined as single visits 
to individual food patches) during all sightings and group follows. Feeding records 
are defined as the number of 10-min intervals in which each individual was ob- 
served handling, chewing, or ingesting a particular food item. The diameter at 
breast height (DBH) and total height of food trees and lianas were recorded, and 
their species were identified using dry voucher specimens, or samples of whole 
fruits preserved in whirl-pak bags containing a solution of formalin, acetic acid, 
and alcohol (FAA). Samples were collected on a monthly basis, after trees of lianas 
had been marked with plastic flagging, and later identified in the Botany Depart- 
ment of the National Institute of Amazonian Research (INPA). Six food species 
used by sakis were identified by what were thought to be unmistakable teeth 
marks on residual fruit fragments found along trails, or by morphologically dis- 
tinctive seeds found in saki feces, long after they had been ingested. 

Additional data on southern Amazonian sakis, including P. irrorata, P. mona- 
chus, and other populations of P.  albicans, are available from line-transect cen- 
suses (each covering approximately 100 km walked), which I conducted in 16 forest 
sites along the Jurua and Urucu rivers between 1987 and 1992. 

Transect Census and Home Range Estimates 
The density of buffy sakis was estimated by walking a 4.5-km transect, which 

cut through the study area, at speeds of 1-1.5 km h-l during 39 mornings without 
rain. This resulted in a one-way cumulative distance of 176 km. Sightings on 
returns were not considered during this census, because animals became less ac- 
tive, or less detectable, after 1,130 h. Density estimates were then calculated using 
expanded Fourier series [Burnham et al., 1980; Peres, 1993al. Several saki groups 
could be identified on the basis of their group size, membership, and location. 
Despite difficulties in sexing buffy sakis in the field (due to their shagginess and 
lack of visible sexual dimorphism), determining group composition was often aided 
by the presence of adult males, which are consistently larger than females [Her- 
shkovitz, 19791, juveniles, and infants. It was thus possible to estimate the mini- 
mum home range size of known groups based on their most peripheral range 
locations, using the minimum convex polygon method (Microcomputer Program for 
the Analysis of Animal Locations (McPAAL), Smithsonian Institution, Washing- 
ton, DC). 
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Forest Structure 
The DBH and height of all 3,612 overstory trees (defined by a minimum DBH 

of 10 cm) occurring in an area of 5 ha, consisting of 14 randomly located floristic 
plots (two 1-ha and twelve 0.25-ha plots), were measured. This sample was com- 
bined to an additional 1,272 trees located along 4.9 km of floristic transects, which 
were also measured. This provided a reasonable sample of the size of trees avail- 
able to sakis in the study plot. DBH is a good predictor of tree size a t  this site, 
explaining at  least 55% of the variation in tree height, crown volume, and crown 
spread in a sample of 996 trees [Peres, 1991al. 

Five height levels, which need not imply an obvious multi-tiered forest struc- 
ture, could be defined for this site: understory (0-15 m), midstory (15-25 m), 
subcanopy (25-30 m), main canopy (30-40 m), and emergents (2 40 m). When 
comparing heights used by sakis in different forest sites, however, I simply as- 
signed height frequencies to one of these five strata relative to the total height of 
each forest. 

RESULTS 
Habitat Use and Population Density 

P. albicans was one of six primate species making extensive year-round use of 
all available forest types, including the high terra firme forest matrix and the 
seasonally flooded igap6 forest along the Urucu River. Home ranges of known 
groups consisted largely (> 90%) of high terra firme forest, but tended to include 
small portions of creekside forest and palm swamps. Within the actual study plot, 
buffy sakis showed no distinct preference for either high-ground forest or low-lying 
habitats along a perennial stream: the distribution of 146 independent group lo- 
cations did not differ from that expected by the area availability of these habitats 
in a 900-ha area (x2 = 0.6, 2 d.f., n.s.1. 

A density of 1.9 saki groupslkm' ( = 8.8 individualskm') was obtained from 
transect censuses in the study plot. These values appear to have been overesti- 
mated, since there were only 23 individuals belonging to 5 saki groups, whose 
home ranges were entirely enclosed within the 900-ha plot. Given that as many as 
6 other groups observed less frequently also made partial use of this plot, a more 
realistic estimate of 0.9 groups/km2 ( = 4.1 individuals/km2) was calculated. 

Size of buffy saki groups in the study area averaged 4.6 * 1.5 individuals 
(range = 3-7, N = 5), although a group of 8 was reliably counted at another terra 
firme forest site 18 km south of the study plot [personal observation]. Minimum 
size of home ranges used by these groups averaged 172.4 2 22.9 ha (range = 
147-204 ha, N = 5), but these values may have been underestimated, since none 
of the groups was followed and located systematically. Although the present data 
is insufficient to provide accurate home range sizes and overlaps, at least half of a 
given group's home range appeared to overlap those of different neighboring 
groups. Despite their small size, groups of P. albicans were very uncohesive, often 
temporarily fragmenting into smaller parties (defined by the number of 
individuals exploiting a food patch simultaneously). Indeed, whole groups were 
rarely observed foraging cohesively, or synchronizing their visits to a single food 
tree and liana, which resulted in no significant correlations between size of 
feeding parties and DBH (r, = 0.28, P = 0.42, N = 52) or height of food trees 
(r, = 0.45, P = 0.37, N = 52). Sakis were almost always found in monospecific 
groups, only occasionally (3.4%, N = 146) associating with brown capuchins 
(Cebus apella). 
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Fig. 2. Distribution of heights of P. albicuns in the Urucu compared to that of a random set of 4,071 overstory 
trees (2 10 cm in DBH) sampled in the study plot. 

Vertical Use of Space 
Buffy sakis were rarely found in the understory and can be best described as 

a canopy species. Although they were recorded as low as 1 m above ground, they 
most frequently used the lower canopy between 25 and 30 m, and their heights 
averaged 26.7 m (SD = 8.7 m, N = 181) (Fig. 2). The Urucu forest was generally 
tall (2 35 m), but trees taller than 40 m-a cutoff point which I used to define 
emergents-accounted for only 2.2% (N = 4,071) of all overstory trees. The modal 
tree height in this sample fell between 10 and 20 m, and trees taller than 21 m 
accounted for only 29% of the sample. Sakis thus preferred greater heights, the 
distribution of available overstory tree heights being distinctly lower than those 
used by sakis (Kolmogorov-Smirnov, Z = 1.65, P = 0.009) (Fig. 2). 

Vertical clinging by buffy sakis was very rarely observed, and the species 
usually moved using a quadrupedal gait along large (primary and secondary) 
branches, and then leaping between the terminal twigs and foliage of neighboring 
tree crowns. However, because the substrates they used were typically inflexible, 
they rarely produced the vigorous branch shakes characteristic of other similar- 
sized primates, which tended to result in a noiseless locomotion pattern. 

Diet 
Buffy sakis were observed feeding on at  least 81 tree, liana, epiphyte, or hemi- 

epiphyte species belonging to 22 plant families (Table I). Seeds were represented in 
the plant parts eaten from 43 (53%) of these species, accounting for their most 
important food items (46.2% of 262 feeding records). They also fed on a number of 
other plant materials, however, including various parts of ripe and unripe fruits, 
exudates of the seed pods of an emergent legume tree (Parkia nitida), flowers, 
floral nectar, young foliage, tree bark, as well as animal matter (Table 11). 

Fruits eaten by sakis, whether or not mature, were typically indehiscent, such 
as those of all Sapotaceae and certain Leguminosae (sensu lato). These two plant 
families were by far the most important sources of young seeds predated by sakis, 
contributing with 21% and 20% of all feeding observations, respectively. These 
were, however, relatively common tree families in the study area, accounting for 
10.2% and 9.8% of all overstory trees identified (N = 4777). These top-ranking food 
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TABLE I. Checklist of Plant Food Species and Items Used by Pithecia albicans in the 
Upper Urucu, Tefe, Amazonas 

Family Life Part No. of 
species form" eatenb feeding records Period taken 

Annonaceae 
Epedrantus amazonicus 
Annonaceae sp. 

Parahancornia fasciculata 

Heteropsis sp. 
Philodendron sp. 

Anemoctenium sp. 
Arrabidaea sp. 

Scleronema micranthum 

Cheiloclinium anomalum 

Licania canescens 

Buchenavia sp. 

Pseumnusia penduliflora 

Drypetes variabilis 
Hevea pauciflora 
Hura crepitans 
Mabea cf. caudata 
Mabea eximia 

Clusia cf. grandiflora 
Symphonia globulifera 
Tovomita sp. 

Lecythidaceae 
Eschweilera tesmannii 
Eschweilera atropetiolata 
Eschweilera grandiflora 
Eschweilera rankinae 
Eschweilera parvifolia 
Eschweilera sp. 6 
Eschweilera sp. 7 
Eschweilera sp. 8 
Gustavia hexapetala 

Leguminosae (sensu lato) 
Bauhinia cf. macrostachya 
Inga alta 
Inga sp. 2 
Inga sp. 3 
Machaerium sp. 
Parkia nitida 
Mimosoidae sp. 

Hebepetalum humiriifolium 
Roucheria punctata 

Souroubea guianensis 

Apocy naceae 

Araceae 

Bignoniaceae 

Bombacaceae 

Caelastraceae 

Chrysobalanaceae 

Combretaceae 

Ericaceae 

Euphorbiaceae 

Guttiferae 

Linaceae 

Marcgraviaceae 
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TABLE I. Checklist of Plant Food Species and Items Used by Pithecia albicans in the 
Upper Urucu, Tefe, Amazonas (Continued) 

Family Life Part No. of 
species form" eatenb feeding records Period taken 

Melastomataceae 
Mouriri huberi 
Mouriri nigra 

Menispermaceae 
Abuta candollei 

Moraceae 
Brosimum potabile 
Brosimum sp. 
Clarisia racemosa 
Ficus trigona 
Ficus guianensis 
Naucleopsis glabra 
Pourouma formicarum 
Pseudolmedia laevis 

Iryanthera elliptica 
Iryanthera tricornis 
Iryanthera sp. 3 
Osteophloeum platyspermum 

Socratea exorrhiza 
Mauritia flexuosa 

Chrysophyllum amazonicum 
Chrysophyllum prieurii 
Chrysophyllum ucuquirana-branca 
Ecclinusa guianensis 
Ecclinusa sp. 2 
Manilkara bidentata surinamensis 
Manilkara surinamensis 
Micropholis venulosa 
Micropholis cyrtobotria 
Micropholis guyanensis 
Micropholis sp. 5 
Pouteria cladantha 
Pouteria cuspidata cuspidata 
Pouteria cuspidata robusta 
Pouteria grandis 
Pouteria ramifora 
Pouteria tarumanensis 
Ragala s. sanguinolenta 
Sapotaceae sp. 1 
Sapotaceae sp. 2 
Sapotaceae sp. 3 
Sapotaceae sp. 4 

Vochysiaceae 
Vochysiaceae sp. 

Unidentified 
Tree #513 
Tree #764 
Liana #58 
Liana #126 

Myristicaceae 

Palmae 

Sapotaceae 
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Ct 

L 
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SeP 
Oct 
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"Life form: E, emergent tree; Ct, canopy tree; Sc, subcanopy tree; Mt, midstory tree; Ut, understory tree; L, high 
climbing liana; He, hemi-epiphyte; Ep, epiphyte. 
bPart eaten: Wf, whole ripe fruits; Ra, ripe arils; St, fleshy seed testa; Rm, ripe mesocarp; Uf, unripe infructes- 
cence; Rs, ripe seeds; Ys, young seeds; Ex, seed-pod exudates; Fw, flowers; N, nectar; Y1, young leaves; Ba, bark. 
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TABLE 11. Major Food Categories Consumed by 
Pithecia albicam 

Number of 10-min 
feeding records 

Food item Frequency % 

Whole ripe fruits 31 11.8 
Ripe mesocarps 44 16.8 
Ripe arils 8 3.1 
Unripe fruits 6 2.3 
Young seeds only 116 44.3 
Ripe seeds only 5 1.9 
Total fruits 210 80.2 
Exudates (Parkia seed pods) 2 0.8 
Flowers 17 6.5 
Nectar 4 1.5 
Young leaves 25 9.5 
Bark 3 1.1 
Arthropods (spider colony) 1 0.4 
Total 262 100.0 

families were followed mainly by ripe fruit pulp from the Moraceae (12.3%), and 
unripe seeds of the Chrysobalanaceae (6.9%) and Lecythidaceae (6.1%). 

Food patches exploited by sakis were usually located in the canopy or subcan- 
opy, where these animals were usually found, whether or not feeding. DBH of food 
trees used by sakis were on average 37.3 * 16.2 cm (range = 6-76, cm, N = 721, 
and significantly larger than expected on the basis of a random set of 4,881 over- 
story trees measured at the site (K-S, Z = 2.32, P = 0.02). Height of food plants 
used by sakis (mean = 29.7 2 8.6 m, range = 10-51 m, N = 81) were also greater 
than expected by chance (K-S, Z = 2.45, P = 0.01). 

DISCUSSION 
Data presented here strongly suggest that P. albicans, similar to congeners 

elsewhere [Buchanan et al., 1981; Setz, 1985; Johns, 19861 and other pitheciine 
genera [van Roosmalen et al., 1988; Ayres, 1989; Kinzey & Norconk, 19921, is 
primarily a seed predator. The proportion of ripe and unripe seeds in this species’ 
diet (46%) was within the upper range of that ofpithecia at four other sites [Bucha- 
nan et al., 1981; Happel, 1982; Oliveira et al., 1985; Setz, 1985; Soini, 1986; Kinzey 
& Norconk, 19931. This includes P. albicans at  another site (Ponta da Castanha, 
Tefe, Brazil), where young seeds represented 18% of 54 feeding records [Johns, 
19861. At this site, however, P. albicans appears to consume far more young leaves 
(30%), which accounted for but a small proportion of their diet in the Urucu (10%). 
This small degree of leaf-eating probably reflects a moderate, rather than a dis- 
parate, sampling underestimate, since folivory, particularly by a medium-sized 
primate in small groups, is considerably less detectable than is consumption of ripe 
or unripe fruits. 

This preliminary study has undoubtedly underestimated the number of plant 
food species included in the diet of P. albicans in the Urucu, since none of the 
groups were followed intensively enough. For instance, only 9 of 42 Sapotaceae 
species found in two 1-ha floristic plots [Peres, 1991a1, were known to be eaten by 
sakis, even though this was the best represented of all plant families in this 
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species’ diet (22 species). There were at  least 55 species of Sapotaceae in the Urucu 
[Peres, 1991a1, almost all of which could have been taken by sakis. The dietary 
richness ofP.  albicans at this site (2 81 plant species) was, however, similar to that 
ofP. pithecia in a floristically poorer forest fragment [Prance, 1990; Peres, 1991a1, 
where a considerably greater sampling effort yielded a total of 89 food species 
during the rainy season [Setz, 19871. These data are also comparable to that of 
Chiropotes Satanas chiropotes in Surinam, a pitheciine reported to use 85 food 
species in 217 feeding observations [van Roosmalen et al., 19881. 

Although measurements of fruit hardness [sensu Kinzey & Norconk, 19901 are 
yet to be conducted at this site, young seeds and other fruit parts consumed by P. 
albicans were not necessarily enclosed within hard pericarps, as might be expected 
from the specialized dentition and high rates of dental microwear observed in this 
genus [Teaford & Runestad, 19921. Indeed, sakis elsewhere are less capable in 
overcoming the tough husks of many types of fruits easily handled by other pith- 
eciines, such as Chiropotes [Kinzey & Norconk, 19931. Unlike these seed predators, 
Pithecia is known to shift to relatively tender plant matter, such as young leaves 
and flowers, during periods of acute scarcity of ripe fleshy fruits [Setz, 1987; 
Kinzey & Norconk, 19931. Given the dietary range of mostly soft fruits consumed 
by other primates in the Urucu [Peres, 1993b,cl, however, P. albicans should be 
described as a sclerocarpic frugivore [sensu Kinzey, 19921. 

Pithecia albicans diverges considerably from Guianan sakis (P. pithecia) in the 
Voltzberg Reserve, Surinam [Buchanan et al., 19811, in the Guri Lake, Venezuela 
[W. Kinzey, M. Norconk & I. Homburg, personal communication], and near Man- 
aus, Brazil [Oliveira et al., 1985; E. Setz, personal communication; M. van Roos- 
malen, personal communication] in that the latter species uses primarily the forest 
understory and midstory, often clinging to vertical tree trunks at eye level. In 
Surinam, for instance, P. p .  pithecia is found between 3 and 15 m above ground in 
“more than one third of the first observations,” and below 20 m in more than two 
thirds [van Roosmalen, 19931, even though they use primarily tall primary forest 
(90% of the observations). In contrast, buffy sakis in the Urucu rarely descended to 
the understory and spent most of their time feeding, traveling, and resting be- 
tween the canopy and the subcanopy. This confirms previous observations at Ponta 
da Castanha, where P. albicans was also found mainly in the middle and upper 
canopy and “avoided low vegetation” [Johns, 1986, personal communication]. This 
pattern of vertical use of space is similar to that of other southern Amazonian 
Pithecia in both varzea and terra firme forests. Sightings of groups of monk (P. 
monachus) and bald-face sakis (P. irrorata) along the Jurua river, for instance, 
suggest that these two species are typically found in the canopy, using heights of 
20.9 k 7.0 m (range = 7-35 m, N = 36) and 23.6 * 7.8 m (range = 6-37 m, N = 
49), respectively [Peres, unpublished data]. This is confirmed by data on a group of 
P. monachus ( = hirsuta), which fed between 15 and 24 m on 89% of 75 observations 
[Happel, 19821. Like P. albicans, therefore, these saki species also appear to use 
primarily the forest canopy and subcanopy, frequently visit crowns of emergent 
trees, and rarely move down into the understory. 

Such divergence between the Guianan and southern Amazonian sakis may be 
determined by two, perhaps inter-related, factors. First, the lower use of the forest 
by P. pithecia may result from the fact that the geographic range and habitat use 
of this species closely overlaps that of bearded sakis (Chiropotes satanas), which 
are also primarily seed predators [van Roosmalen et al., 1988; Kinzey & Norconk, 
19921. On the other hand, Chiropotes does not co-occur with southern Amazonian 
sakis west of the Madeira river [Hershkovitz, 19851. The dietary overlap between 
these terra firme forest pitheciines is potentially very high, both genera relying 
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heavily on young seeds of similar food species of some key plant families. Argu- 
ably, these genera are thus expected to diverge ecologically to a certain extent 
where they occur microsympatrically, but behave as canopy seed predators in the 
absence of competition from one another. This possibility could best be tested in a 
relatively small area east of the Madeira where the range of Chiropotes albinasus 
overlaps that of P. irrorata. Pithecia south of the Amazon could also potentially face 
competition with uakaries (Cacajao)-the only other pitheciine in their range- 
but the two genera diverge substantially in their modal pattern of habitat use, 
Cacajao being found primarily in flooded (varzea) forest [Ayres, 19891. Further 
light into these questions can be shed by examining how Pithecia responds to 
Cacajao in the narrow bands of habitat where they co-occur, such as  the varzea 
forests along both banks of the Jurua river [Peres, unpublished data]. 

Second, saki species south of the Amazon are considerably larger than P. 
pithecia. Body weights of wild-caught adult P. irrorata and P. monachus range from 
1.98-2.92 kg (mean = 2.49 kg, N = 3), and from 1.3-3.1 kg (mean = 2.35 kg, N 
= 12), respectively [Hershkovitz, 19871, whereas P. albicans can weigh as much as 
3.0 kg [Johns, 19911. In contrast, P. pithecia is considerably smaller, weighing on 
average 1.65 kg (range = 1.10-2.25 kg, N = 30) [Hershkovitz, 19871. A larger 
body size would clearly affect the energetics of locomotion and substrate use [Flea- 
gle & Meldrum, 19883, in this case increasing the costs of leaping between under- 
story tree trunks for the larger sakis. This may result in the frequent use of large, 
non-vertical arboreal supports, such as that shown by P. albicans in the Urucu. 
Larger animals also require larger food patches, which in the Urucu were far more 
common at greater forest heights [Peres, 1991al. A larger body size in southern 
Amazon sakis may in turn be related to the exclusive use of canopy seed sources 
made possible by the competitive release from other pitheciines. Such ecological 
constraints associated with body size are thus particularly important to P. albi- 
cans, since this species is “the most derived member of the P. monachus group” 
[Hershkovitz, 19871, and probably the largest bodied of all Pithecia. 

Although a few other primate species in the Urucu included substantial 
amounts of seeds in their diet [Cebus apella: Peres, 1991b; Lagothrk lagotricha 
cana: Peres, 1993b1, none relied as heavily on these items as P. albicans. That 
this species is able to exercise its morphological adaptations to exploit young seeds 
has some important implications, since there was a considerable discrepancy be- 
tween unripe and ripe fruits in both the size and the density of their crops [Peres, 
1991al. As many as  25% of a random set of 996 phenology trees inspected during 
14 consecutive months presented unripe fruits, whereas this proportion was a t  best 
12% for ripe fruits. This is because fruit crops were often aborted before maturity 
or were far more ephemeral when mature [Peres, 1993dl. Moreover, ripe fruits 
were far more limiting than unripe fruits during the greatest annual period of fruit 
scarcity, when the density of immature fruit crops was fourfold greater than that 
of mature fruits. In addition, sakis often anticipated ripe-fruit specialists in visit- 
ing many of their common food species throughout their fruit maturation periods, 
thus potentially diverting competition to their advantage. Canopy seed predation 
by sakis thus appears to open a resource space which is relatively ignored or 
unavailable to most arboreal primary consumers in the Neotropics, which special- 
ize on ripe fruits. 

CONCLUSIONS 

1. Data obtained in an entirely undisturbed terra firme forest near the upper 
Urucu river, Amazonas, Brazil, indicate that buffy sakis (Pithecia albicans) occur 
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at a naturally low population density (> 1 grouplkm'), live in groups of 3-7 
individuals (mean = 4.6, N = 5), and use large home ranges of more than 200 ha, 
which overlap extensively with those of neighboring groups. 

2. Buffy sakis used primarily the forest canopy and subcanopy, rarely de- 
scended to the understory, and fed mainly within large food patches, including 
canopy and emergent trees, and high-climbing lianas. 

3. Their vegetative diet, based on 261 plant feeding records, consisted largely 
of yqung seeds (44%), particularly those of two common tree families at the sit- 
the Sapotaceae and Leguminosae. Other food items included whole ripe fruits 
(12%), ripe fruit mesocarps (17%), ripe arils (3%), unripe mesocarps (2%), mature 
seeds (2%), flowers (7%), nectar (2%), exudates (l%), and young foliage (10%). 
Sakis can thus be best described as canopy seed predators. 

4. The use of higher forest levels by P. albicans and other saki species south of 
the Amazon is similar to that of other pitheciines, such as Cacajao and Chiropotes, 
but diverges from that of smaller-bodied congeners, such as the Guianan saki (P. 
pithecia), which uses primarily the forest understory. 

5. It is hypothesized that this ecological divergence can be at least partly 
explained by differences in body size and competitive interactions with other pith- 
eciine seed predators, such as bearded sakis (Chiropotes) which co-occur with Gui- 
anan sakis, but not with southern Amazonian Pithecia, throughout their geo- 
graphic range. 

ACKNOWLEDGMENTS 
This study was supported by World Wildlife Fund-US grant 6199. I am grate- 

ful to the Brazilian oil company (Petrobras) for providing me with helicopter access 
to the Urucu forest. I thank Marc van Roosmalen and Terry Pennington for iden- 
tifying many fruit species eaten by buffy sakis, Andrew Johns for kindly making 
his unpublished field observations on this species available to me, and David 
Chivers, Anina Carkeek, and two anonymous reviewers for criticisms on the 
manuscript. My studies in Cambridge were funded by a grant from the Brazilian 
Science and Research Council-CNPq. 

REFERENCES 
Ayres, J.M. Comparative feeding ecology of 

the uakari and bearded saki, Cacaiao and 
Chiropotes. JOURNAL OF HUMAN EVO- 
LUTION 18:697-716. 1989. 

Buchanan, D.B.; Mittermeier, R.A.; van 
Roosmalen, M.G.M. The saki monkeys, ge- 
nus Pithecia. Pp. 391-417 in ECOLOGY 
AND BEHAVIOR OF NEOTROPICAL 
PRIMATES, Vol. 1. A. Coimbra-Filho, R.A. 
Mittermeier, eds. Rio de Janeiro, Aca- 
demia Brasileira de Cihcias, 1981. 

Burnham, K.P; Anderson, D.R.; Laake, 
J.L. Estimation of density from line 
transect sampling of biological popula- 
tions. WILDLIFE MONOGRAPHS 72:l- 
202, 1980. 

Fleagle, F.G.; Meldrum, D.F. Locomotor be- 
havior and skeletal morphology of two 
sympatric pitheciine monkeys, Pithecia 
pithecia and Chiropotes satanas. AMERI- 
CAN JOURNAL OF PRIMATOLOGY 16: 
227-249, 1988. 

Freese, C.H.; Heltne, P.G.; Castro, R.N; 

Whitesides, G. Patterns and determinants 
of monkey densities in Peru and Bolivia. 
with not& on distributions. INTERNAL 
TIONAL JOURNAL OF PRIMATOLOGY ~~ 

3:53-90, 1982. 
Happel, R.E. Ecology of Pithecia hirsutu in 

Peru. JOURNAL OF HUMAN EVOLU- 
TION 11:581-590, 1982. 

Hershkovitz, P. The species of sakis, genus 
Pithecia (Cebidae, Primates), with notes on 
sexual dimorphism. FOLIA PRIMATO- 
LOGICA 31:l-22, 1979. 

Hershkovitz, P. A preliminary taxonomic re- 
view of the South American bearded saki 
monkeys, genus Chiropotes (Cebidae, 
Platyrrhini), with the description of a new 
subspecies. FIELDIANA (ZOOLOGY) 27, 
1985. 

Hershkovitz, P. The taxonomy of South 
American sakis, genus Pithecia (Cebidae, 
Platyrrhini): A preliminary report and 
critical review with the description of a 
new species and a new subspecies. AMER- 



140 I Peres 

ICAN JOURNAL OF PRIMATOLOGY 12: 
387-468,1987. 

Johns, A.D. First field observations of Pith- 
ecia albicans. PRIMATE EYE 26:17-18, 
1985. 

Johns, A.D. Notes on the ecology and cur- 
rent status of the buffy saki, Pithecia albi- 
cans. PRIMATE CONSERVATION 7:26- 
29, 1986. 

Johns. A.D. Forest disturbance and Amazo- 
nian primates. Pp. 115-135 in PRIMATE 
RESPONSES TO ENVIRONMENTAL 
CHANGE. H.O. Box. ed. London, Chap- 
man and Hall, 1991. 

Kinzey, W.G. Dietary and dental adapta- 
tions in the Pitheciinae. AMERICAN 

OGY 88:499-514, 1992. 
Kinzey, W.G.; Norconk, M.A. Hardness as a 

basis of fruit choice in two sympatric pri- 
mates. AMERICAN JOURNAL OF PHYS- 
ICAL ANTHROPOLOGY 81:5-15,1990. 

Kinzey, W.G.; Norconk, M.A. Seed predation 
by bearded saki monkeys. AMERICAN 

JOURNAL OF PHYSICAL ANTHROPOL- 

JOURNAL OF PRIMATOLOGY 27138- 
39, 1992. 

Kinzey, W.G.; Norconk, M.A. Physical and 
chemical DroDerties of fruit and seeds eaten 
by Pithecia Lnd Chiropotes in Surinam and 
Venezuela. INTERNATIONAL JOURNAL 
OF PRIMATOLOGY (in press), 1993. 

Oliveira, J.M.S.; Lima, M.G.; Bonvincino, 
C.; Fleagle, J.G.; Ayres, J.M. Preliminary 
notes on the ecology and behavior of the 
Guianan saki (Pithecia pithecia, Linnaeus, 
1766; Cebidae, Primates). ACTA AMA- 
ZONICA 15:249-263, 1985. 

Peres, C.A. Effects of hunting on western 
Amazonian primate communities. BIO- 
LOGICAL CONSERVATION 54:47-59, 
1990. 

Peres, C.A. ECOLOGY OF MIXED-SPE- 

ZONIAN TERRA FIRME FORESTS. Cam- 
CIES GROUPS OF TAMARINS IN AMA- 

bridge, University of Cambridge, 1991a. 
Peres, C.A. Seed predation of Cariniana mi- 

crantha (Lecythidaceae) by brown capu- 
chin monkeys in central Amazonia. BIO- 
TROPICA 23:262-270, 1991b. 

Peres, C.A. Structure and spatial organiza- 
tion of an Amazonian terra firme forest pri- 

mate community. JOURNAL OF TROPI- 
CAL ECOLOGY (in press), 1993a. 

Peres, C.A. Diet and feeding ecology of gray 
woolly monkeys (Lagothrix lagotrzcha 
cana) in central Amazonia: Comparisons 
with other Atelinae. INTERNATIONAL 
JOURNAL OF PRIMATOLOGY (in press), 
1993b. 

Peres, C.A. Diet and feeding ecology of sad- 
dle-back and moustached tamarins in an 
Amazonian terra firme forest. JOURNAL 
OF ZOOLOGY (LONDON) (in press), 
1993c. 

Peres, C.A. Primate responses to phenologi- 
cal changes in an  Amazonian terra firme 
forest. BIOTROPICA (in press), 1993d. 

Prance, GT. The floristic composition of the 
forests of central Amazonian Brazil. Pp. 
112-140 in FOUR NEOTROPICAL RAIN- 
FORESTS. A. Gentry, ed. New Haven, 
Yale University Press, 1990. 

Setz, E.Z.F. Estudo sobre a ecologia alimen- 
tar do Parauacu (Pithecia pithecia, Ce- 
bidae, Primates) em um fragmento de flo- 
resta. Unpublished report to World 
Wildlife Fund, Washington, DC, 1985. 

Setz, E.Z.F. Feeding ecology of Pithecia pith- 
ecia (Pithecinae, Cebidae) in a forest frag- 
ment. INTERNATIONAL JOURNAL OF 
PRIMATOLOGY 8543, 1987. 

Soini, P. A synecological study of a primate 
community in the Pacaya-Samiria Na- 
tional Reserve, Peru. PRIMATE CONSER- 
VATION 7:63-71, 1986. 

Teaford, M.; Runestad, J.A. Dental mi- 
crowear and diet in Venezuelan primates. 
AMERICAN JOURNAL OF PHYSICAL 
ANTHROPOLOGY 88:347-364, 1992. 

van Roosmalen, M.G.M.; Mittermeier, R.A.; 
Fleagle, J.G. Diet of the northern bearded 
saki (Chiropotes satunas chiropotes): A neo- 
tropical seed predator. AMERICAN JOUR- 
NAL OF PRIMATOLOGY 14:ll-35,1988. 

van Roosmalen, M.G.M. Genus Pithecia Des- 
marest (Pitheciinae, Cebidae, Platyrrhini): 
Pithecia pithecia group. Illustrated Mono- 
graphs of Living Primates. The Nether- 
lands: Institut voor Ontwikkelingsop- 
drachten (in press), 1993. 




