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Conservation efforts are often aimed at one or a few species. However, habi-
tat sustainability relies on ecological interactions among species, such as
seed dispersal. Thus, a community-scale conservation strategy may be more
valuable in some settings. We describe communities of primary (primates)
and secondary (dung beetles) seed dispersers from 5 sites in the Brazilian
Amazon. We estimate community biomass of these taxa and, using multivari-
ate ordination, examine the potential for natural reforestation at each site,
given the communities of seed dispersers present. Since disturbed habitat is
increasingly common and increasingly the focus of conservation efforts, we
also examine differences among seed disperser communities between primary
forest and secondary growth at each site. Analyses of faunal biomass in dif-
ferent localities and habitats indicate that secondary growth receives nearly as
much use by primates as primary forest; given the dominant groups of dung
beetles in secondary growth, disturbed habitat should show a pattern of seed
burial that is clumped and deep. Areas with high biomass of Alouatta spp.
and the large nocturnal dung beetle species may have the greatest potential
for natural reforestation of secondary growth particularly for large seeded
species. The data suggest that knowledge of the biomass of primary and sec-
ondary dispersing fauna facilitates predictions for the likelihood of disturbed
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habitat to regenerate and comparisons of sites in broader geographical areas
e.g., Neotropical vs. Paleotropical forests.
KEY WORDS: community ecology; dung beetles; primates; rain forest regeneration; seed
dispersal; secondary forest.

INTRODUCTION

In the Neotropics, 50–90% of canopy trees and almost 100% of shrubs
and subcanopy trees have fruit adapted for animal dispersal (Howe and
Smallwood, 1982; McKey, 1975; Terborgh, 1983; Terborgh et al., 2002). Re-
searchers have given less attention to seed dispersal in the Paleotropics,
though it is evidently just as important a mutualism as in the Neotrop-
ics; e.g., some estimates suggest that in up to 35–45% of canopy trees and
70–80% trees seeds are removed by animals (Howe and Smallwood, 1982;
Lambert, 1998a), while others, such as in Uganda, suggest that the removal
of vertebrate seed dispersers could result in the loss of up to 60% of canopy
tree species (Chapman and Chapman, 1995). Such reliance on animals ren-
ders tropical forests vulnerable in areas where populations of animals are
declining from hunting and other anthropogenic processes. A decrease in
disperser biomass or shift in the community structure of dispersers can re-
sult in recruitment limitation via a failure of seeds arriving to potential re-
cruitment sites (dissemination limitation, sensu Schupp et al., 2002). Hence,
management efforts to attain sustainability of tropical habitats will be viable
only with the inclusion of seed dispersers.

Though the dispersal of seeds, especially large seeds, can be a major
limiting factor to reforestation of disturbed sites in the tropics, the potential
for reforestation of secondary growth is appreciably greater than for de-
graded pastures and clear-cuts (Kaplin and Lambert, 2002; Pannell, 1989;
Nepstad et al., 1991; Uhl et al., 1997; Wunderle, 1997; Young et al., 1987).
Secondary growth typically contains plant species that occur in primary
forest, and also has a physiognomy that encourages the entry of seed dis-
persers (Chapman, 1987; Duncan and Chapman, 1999; Holl, 1999; Nepstad
et al., 1991; Vulinec, 2002). As secondary forest is increasingly common,
the examination of its potential to become intact, fully functioning, and
sustainable forest becomes increasingly critical. With greater disturbance,
secondary forest increases in proportion to primary forest; hence, seed dis-
persal into areas of secondary growth may have greater than predicted con-
sequences for forest restoration and ecosystem sustainability (Duncan and
Chapman, 1999).

Of interest here is that population densities of seed-dispersing animals
are not always negatively impacted in secondary habitats (Buschbacher
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et al., 1992; Denslow, 1987). This is true for both primary dispersers,
e.g., primates, and also for secondary dispersers, e.g., dung beetles. For
example, some primate species occur in greater abundance in areas of re-
generating forest and will use secondary habitat. Indeed, Skoropa (1988)
demonstrated that abundance of Colobus guereza is greater in logged and
regenerating areas of Kibale National Park, Uganda, than in unlogged com-
partments of the Park. Saguinus midas niger (black-handed tamarin) com-
monly disperse seeds from primary forest into areas of secondary growth
(Oliveira and Ferrari, 2000). Alouatta spp. (howlers) in particular use sec-
ondary forest. Because of their small home ranges (typically <25 ha; Crock-
ett, 1998), howlers can exist in forest fragments, disturbed habitats, and near
human habitation (Crockett, 1998; Neves and Rylands, 1991; Rodriguez-
Toledo et al., 2003). In the Paleotropics, cercopithecine monkeys regularly
use abandoned farm clearings, regenerating forest, and areas of secondary
growth (Fimble, 1994; Kaplin and Lambert, 2002; Thomas, 1991). Kaplin
and Lambert (2002) argued that some African monkey species, e.g., Cer-
copithecus spp. may be particularly important dispersers of seeds into de-
graded landscapes.

One can classify dung beetles, which represent one of the more im-
portant classes of secondary dispersers in the Neotropics (Andresen, 1999,
2001, 2002; Estrada and Coates-Estrada, 1991; Feer, 1999; Vulinec, 2002),
into species that do not bury seeds (such as very small beetles or ones
that consume dung directly at the pat), those that bury only small seeds
(small to medium beetles, <5 mm in length, generally rollers), and those
that bury both large and small seeds: larger beetles, generally tunnel-
ers (Vulinec, 2002). Their size, burying behavior, and diel activity deter-
mine how effective they may be in providing refugia for seeds (Chapman
et al., 2003a; Vulinec, 2000, 2002); seeds may be buried at optimal depths
for germination, buried too deeply for germination, or not buried deeply
enough to avoid predation. In addition, seed size determines how im-
portant a role a particular beetle species may play in seed dispersal
(Andresen, 1999; Andresen and Levey, 2004; Feer, 1999; Estrada and
Coates-Estrada, 1991; Shepherd and Chapman, 1998; Vulinec, 2000, 2002).
As with many primates, dung beetles are abundant in secondary growth
(Vulinec, 2000, 2002). Indeed, secondary growth in Brazil can harbor
a suite of dung beetle species that bury seeds effectively; i.e., deep
enough to avoid rodent predation, but shallow enough for germination
(Vulinec, 2002). Moreover, an important commensal relationship exists
between primates and dung beetles. The relationship between dung bee-
tles and primates is far more apparent than with other primary dispersers
such as birds or bats because dung beetles prefer primate dung (Estrada
and Coates-Estrada, 1991; Estrada et al., 1993; Halffter and Matthews,
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Fig. 1. Map of study sites in the Brazilian Amazon. 1 = Caxiuanã; 2 = Reserva Ducke;
3 = Lago Mamori; 4 = Rio Paratari; 5 = Cacaulandia. Major rivers are labeled and inset
shows map detail location on the South American continent.

1966; Peck and Forsyth, 1982) and primate dung is deposited in rel-
atively large amounts compared to that of birds and bats (Chapman,
1989; Gill, 1991; Julliot, 1996; Tirado Herrera et al., 2002). Post-dispersal
burial by dung beetles may affect seed survival, and consequently influ-
ence the impact of primates as seed dispersers relative to birds or bats
(Andresen, 1999, 2001, 2002; Feer, 1999; Vulinec, 2000, 2002).

Given the fundamental importance of animals serving as mobile links
between plants (sensu Howe and Westley, 1988), management efforts to at-
tain sustainability of tropical habitats will be viable only if there are both
communities of primary and secondary dispersers. Moreover, it is evident
from the preceding discussion that one needs to consider the composition of
dispersal communities in secondary forest. Here, we address both issues and
examine community biomass of primate and dung beetle seed dispersers
in both secondary and primary forest at 5 sites in the Amazon Basin. We
evaluate how these communities might influence seed dispersal patterns
in different localities and habitats, with special consideration of secondary
forests, and discuss the potential for regrowth in these forests, given the
seed dispersal communities present at the sites.

METHODS

We surveyed 5 sites in the Brazilian Amazon Basin for primates and
dung beetles (Fig. 1). In all locations, the secondary forest was contiguous
with primary forest. We classified primary forest as terra firme: nonflooded
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forest with a clear understory and high biomass (Pires and Prance, 1985).
Some primary forests were surrounded by areas of várzea: lowland forest
seasonally flooded by muddy or white-water rivers and containing fertile
soils (Ayers, 1993; Prance, 1979). Secondary forest varied at all sites but was
characterized by natural regrowth after clear-cutting. We tried to collect
data at each site over both dry and wet seasons (generally March–October
and November–February, respectively), because dung beetle abundance
and primate feeding and ranging behavior can vary by season (Andresen,
2005; Conklin-Brittain et al., 1998; Olupot et al., 1994; White, 1998). How-
ever, we were not able to collect beetles from the secondary growth forest
at Mamori because of clear-cutting during our study.

We divided primate transects (Table I) into secondary and primary
growth by sampling each habitat in the approximate proportion that it oc-
cupied. One or 2 people walked the transects at about 1 km/h. We col-
lected data on primate species, number of individuals (seen or heard),
time of day, location on transect, and observer distance. For the analy-
ses, we categorized primates as ecospecies (discrete functional groups, cor-
responding to a single species or subspecies or a few ecologically equiv-
alent congeners, sensu Peres, 1997). The 6 ecospecies and their inclusive
species are: How = Alouatta belzebul, Alouatta seniculus, Cap = Cebus
apella; Titi = Callicebus moloch; Saki = Chiropotes satanas, Pithecia irro-
rata, P. pithecia; Tam = Saguinus bicolor; S. fusicollis, S. labiatus, S. mi-
das; Squ = Saimiri sciureus, S. ustus. We estimated primate abundance in 3
ways: sighting rates, density, and biomass.

We used an index of sighting rates (number of primate groups encoun-
tered/10 km walked) to estimate relative abundance (Peres, 1997; Skoropa,
1988). We calculated density using a 50% cut-off rule to select the sighting
distance (Chapman et al., 2000). This method compensates for observer dif-
ferences, as we excluded sightings at the farthest distances from the census if
they occur infrequently (Peres, 1997). Instead of perpendicular distance, we
used observer to animal distance; Chapman et al. (1988) demonstrated that
perpendicular distance underestimates transect width for forest primates. In
addition, we estimated distances by sight after practice with measured dis-
tances, and calculated density as the number of individuals sighted within
the truncated sighting distance divided by the area sampled, i.e., length of
the transect multiplied by the truncated distance (Chapman et al., 2000).

To estimate biomass, we used published average weights for each
species or ecospecies (Emmons, 1997; Peres, 1997). We compared primate
biomass using a nested ANOVA with ecospecies (6 ecospecies) and habi-
tats (primary or secondary) nested within 5 sites (Zar, 1999). We did not in-
clude in the analysis primates we saw only once, e.g., Ateles spp., Lagothrix
spp. We estimated relative hunting pressure through discussions with park
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personnel, local people, and our own observations: presence of shotgun
shells, gunshots, and dead primates.

We surveyed beetles at the 5 Amazon sites via methods described
in Vulinec (2000, 2002). We set 9 or 10 traps per habitat and calculated
biomass of important dung beetle guilds via data from previous studies
(Vulinec, 2000, 2002). We classified dung beetles into guilds according to
size, patterns of nocturnal/diurnal activity, and dung and seed manipulation
(Vulinec, 2002). The guilds include Ndn = buries no seed active day or
night; Sd = buries small seeds during the day; Sn = buries small seeds dur-
ing the night; LSd = buries both large and small seeds during the day or
during crepuscular periods; LSn = buries both large and small seeds dur-
ing the night. Thus Ndn would have negative effects on seeds by leaving
them on the surface; Sd and Sn would have positive effects only for small
seeds, as they tend to leave large seeds in the dung; and LSd and LSn would
in general have negative effects for small seeds by burying them too deeply
for germination but positive effects on large seeds (Vulinec, 2002). We clas-
sified seeds <5 mm in the longest dimension as small, and seeds >5 mm
as large (Vulinec, 2002; Gross-Camp and Kaplin, 2005). In reference to
the guilds classified by Vulinec (2002), Ndn would be generally equivalent
to guild 1 and 2, Sd and Sn would be equivalent to guild 3, LSd would
be equivalent to guilds 4 and 6, and LSn would be equivalent to guild 5.
We compared biomass of beetle guilds via a nested ANOVA with guilds
(5 guilds) and habitats (primary or secondary) nested within 5 sites (Zar
1999).

We analyzed the differences in biomass of primate ecospecies and bee-
tle guilds at all sites using reciprocal averaging (PC-ORD ver. 4.01; also
called correspondence analysis; Legendre and Legendre, 1998; McGari-
gal et al., 2000). The resulting site-by-ecospecies/guild biomass (or relative
abundance) matrix facilitated an evaluation of which seed dispersing groups
contributed the greatest biomass or relative abundance to a particular site.
Detrending made no difference in the correspondence analysis and has its
own drawbacks; therefore we performed a standard reciprocal averaging
(Legendre and Legendre, 1998; McGarigal et al., 2000; Palmer, 1993). We
undertook four ordinations: 1) a combined and weighted biomass of both
beetle guild and primate ecospecies and sites; 2) beetle guild biomass and
sites; 3) primate ecospecies biomass and sites; and 4) sighting rates (as an
index of relative abundance, i.e., group sightings/10 km walked) and sites.
Points in the joint plots reflect the major gradients in ecospecies or guild
biomass or relative abundance among sites, and the locations of the theo-
retical maxima for each ecospecies or guild in ordination space (McGarigal
et al., 2000). This analysis thus provides a representation of the seed dis-
perser communities at each site, and how similar sites are to each other in
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community composition and biomass or relative abundance. There is no
beetle datum for secondary growth at Mamori, thus in the primate-beetle
combination plot, we pooled primate data from secondary and primary
habitats for the site.

Because estimating density or biomass from line transects is often
imprecise owing to foliage, weather conditions, or differences among ob-
servers, we also used sighting rates (no. of groups sighted/10 km walked;
Peres, 1997; Skoropa, 1988) as a measure of relative abundance to corrob-
orate our biomass estimates (Chapman et al., 2000). A high correlation be-
tween the 2 estimates would indicate more precision in the estimation of
density and biomass. We examined the correlation between biomass/km2

and number of groups sighted/10 km walked in 2 ways. We calculated the
Pearson’s Product Moment Correlation of the 2 indices (Zar, 1999). We
also used a Mantel test to examine the similarity between the matrix of pri-
mate ecospecies biomass and sighting rates, including the randomization
method (Monte Carlo test) to determine the p-value (Douglas and Endler,
1982).

RESULTS

Primate biomass varied significantly among sites (ANOVA: F4,20 =
3.45; p = 0.027), but not between primary forest and secondary growth habi-
tats or among ecospecies within sites [habitat (site): F4,20 = 1.15; p = 0.36;
ecospecies (site): F20,20 = 1.19, p = 0.35]. There was no interaction between
habitat and ecospecies (F5,20 = 1.19; p = 0.35). There was considerable vari-
ation of species occurrence among sites, with many ecospecies absent from
some sites, yet present in others (Table II, Fig. 2).

Beetle biomass is not significantly different among sites (ANOVA:
F4,12 = 1.51, p = 0.26), or between secondary growth and primary forest
(F3,12 = 1.27; p = 0.33), though primary forest had a higher average biomass
(g/trap) than secondary forest at all sites surveyed (Table III; Fig. 3). There
is a marginal difference in biomass among guilds within sites (F16,12 = 2.22,
p = 0.084). There is no interaction effect between habitats and guilds
(F4,12 = 0.41; p = 0.80). Nevertheless, sites had 2 distinctly different guild
distributions (Fig. 4), with the 3 terra firme sites displaying a low biomass
of most guilds, very low biomass of Sn and Sd, and a dominance of the
guild structure by LSn. Conversely, the várzea sites showed a predomi-
nance of Sd and Sn, especially in the primary forest. The average biomass
of each guild for all sites showed LSn has the highest biomass of all guilds
in secondary growth, and Sd in primary forest has the greatest variance
(Fig. 3).
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Fig. 2. Primate biomass for species per square km at 5 Amazon sites. Ab = Alouatta
belzebul, Ap = Ateles spp., As = Alouatta seniculus, Ca = Cebus apella, Cm = Callicebus
moloch, Cs = Chirpotes satanas, Pi = Pithecia irrorata, Pp = Pithecia pithecia,
Sb = Saguinus bicolor, Sf = Saguinus fusicollis, Sl = Saguinus labiatus, Sm = Saguinus
midas, Ss = Saimiri sciureus, Su = Saimiri ustus. Columns are divided into biomass in
primary and secondary forests.

Beetle and primate communities show distinct patterns in an
ordination (Fig. 5). The majority of variance is explained by axis 1 (83.2%).
Reciprocal averaging is best used with community data that have only 1 im-
portant axis of variation (McGarigal et al., 2000), thus only the first 2 axes
are displayed. Taxa or groups that have low biomass or patchy distribu-
tions, e.g., Saimiri spp., (Table II) tend to be more peripheral compared to
more abundant or less patchy species (Peres, 1997). Squirrel monkeys and
Callicebus spp. had highest factor loadings on both axes, indicating their
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Table III. Total average biomass (g/trap) of all beetle guilds combined for primary and
secondary forest at each Amazonian site

Site
Biomass in primary

forest
Biomass in

secondary forest Total biomass

Caxiuanã 2.75 2.347 5.097
Reserva Ducke 3.425 2.062 5.487
Mamori 5.239 –a 5.239
Paratari 7.892 2.76 10.652
Cacaulandia 4.608 2.330 6.938

aNot collected.

importance in the variance of both factors. Only the beetle guild Sd had
a high factor loading on axis 2, but low on axis 1. These results indicated
that Sd, squirrel and titi monkeys contributed the greatest variance to axis
2, owing to their abundance in flooded forest areas. Nevertheless, we rarely
saw them in primary forest, while the Sd beetle guild had a greater biomass
in primary than secondary forest (Fig. 4; at Paratari only; we did not sur-
vey Mamori secondary forest for beetles). In this ordination, axis 1 might
be interpreted to differentiate terra firme from várzea, and axis 2 primary
forests from secondary, though this interpretation of axis 2 appears clear
only in the várzea sites. Sequential removal of the most variable groups
from the ordination still left all terra firme sites as a clustered unit.

When beetle guilds and primate ecospecies are ordinated separately
(Fig. 6), the sites cluster in different patterns. Sites by beetle guilds show
a similar distinction between terra firme and várzea sites, with terra firme

Fig. 3. Average beetle guild biomass (g/trap) at 5 Amazon sites.
Error bars indicate standard errors.



866 Vulinec, Lambert, and Mellow

Fig. 4. Average beetle guild biomass (g/trap) in primary and secondary growth at each
of 5 sites. Columns are divided into biomass in primary and secondary forests, except at
the Mamori site.

sites dominated by LSn and Ndn. LSd contributed less biomass overall than
these 2 guilds, except at Cacaulandia and Reserva Ducke, where this guild
was third largest in biomass (Fig. 4). Sn and Sd had greater biomass at the
várzea sites, though the guilds also had the greatest variance overall in the
ordination. In the ordination of primate ecospecies only, howler (Alouatta
spp.) biomass is greatest in both secondary and primary habitats at Caxi-
uanã, Ducke, and Mamori, all the easternmost sites. Squirrel monkeys, titi
monkeys, and sakis were most prevalent in biomass in secondary forest at
Paratari, the habitat most affected by seasonal inundation. Capuchins and
tamarins, dominated primary forest at Paratari, as well as both secondary
and primary forest at Cacaulandia. Howlers were absent from Cacaulandia,
and at Paratari we saw them only in secondary forest.

Primate biomass estimates correlate highly with sighting rates in
both primary forest (r = 0.657; p < 0.0001) and secondary forest (r = 0.774;
p < 0.0001). In the ordination, sighting rates of primates display a
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Fig. 5. Reciprocal averaging ordination (first 2 axes) of the sites by species joint plot. Open
symbols = sites; closed symbols: triangles = primate ecospecies; diamonds = dung bee-
tle guilds. Large open circles enclose the terra firme and várzea sites. Site abbreviations:
CaxP = Caxiuanã primary forest, CaxS = Caxiuanã secondary forest, DucP = Reserva
Ducke primary forest, DucS = Reserva Ducke secondary forest, Mam = Mamori
primary and secondary forest, ParP = Paratari primary forest, ParS = Paratari sec-
ondary forest, CacP = Cacaulandia primary forest. Primate ecospecies abbreviations:
How = Alouatta spp., Cap = Cebus apella, Titi = Callicebus spp., Saki = Chiropotes sa-
tanas, Pithecia spp., Tam = Saguinus spp., Squ = Saimiri spp. Dung beetle guild abbre-
viations: Ndn = buries no seeds, active day or night; Sd = buries small seeds during the
day; Sn = buries small seeds during the night; LSd = buries both large and small seeds
during the day or during crepuscular periods; LSn = buries both large and small seeds
during the night.

similar series of groupings, albeit in mirror image (Fig. 6). The Mantel test
determined that there is no significant difference between the matrix of pri-
mate ecospecies biomass and sighting rates, (standardized Mantel statistic
r = −0.109; p = 0.501).

DISCUSSION

The biomass of seed dispersers in a locality is expected to have a sig-
nificant impact on the quantity component of seed dispersal effectiveness
(Schupp, 1993). Since a lack of dispersers or a change in the community
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structure (either density, richness, dominance, or diversity) of dispersers
may have extreme outcomes for forest regeneration in tropical environ-
ments (Chapman and Chapman, 1995; Holl, 1999), tracking the composition
of communities in different areas and in primary and secondary growth is
critical to make predictions regarding the potential for restoration and for-
est regeneration.

Primate biomass differed significantly between localities. Also note-
worthy is that primate biomass did not differ significantly between pri-
mary and secondary growth within the Amazon sites surveyed, though some
ecospecies had a clear preference for 1 of the 2 habitats (Table II). Most pri-
mates exhibit nearly comparable biomass in both habitats or have a distinct
preference for secondary growth, a feature of behavior that is most appar-
ent in the two várzea sites, even though substantial areas of terra firme exist
in the same locality, and may reflect productivity in várzea (Ayres, 1993).

Howlers dominated the biomass of the 3 easternmost sites, while ca-
puchins or squirrel monkeys had greater biomass in the 2 westernmost
sites. Beetle guild biomass also differed between sites. The pattern of guild
biomass/trap was similar in the 3 terra firme sites despite the distance be-
tween them, and also similar in the várzea sites, but vastly different between
terra firme and várzea. Várzea sites have greater biomass of Sn and Sd bee-
tle guilds, which are beetles that roll dung away from the site of deposition.
They have shorter life cycles compared to LSn and LSd guilds (Halffter
and Edmonds, 1982). Their dominance may reflect their ability to repro-
duce during the time that the forest is not inundated.

The ordination of primate biomass with dung beetle biomass has im-
plications for interpreting the patterns of seed burial at different sites in the
Amazon. Our data suggest the following testable predictions of seed dis-
persal pattern. Caxiuanã has a large biomass of howlers relative to other
primates and a high biomass of LSn beetles relative to other guilds. These
associations suggest that seeds at Caxiuanã are buried in a deep, clumped

←−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
Fig. 6. Reciprocal averaging ordination (1st 2 axes) of the sites by species joint plots for
(a) beetle guilds only, (b) primate ecospecies only, and (c) primate sighting rates (no. of
groups seen/10 km walked). Open symbols = sites; closed symbols: triangles = primate
ecospecies; diamonds = dung beetle guilds. Site abbreviations: CaxP = Caxiuanã pri-
mary forest, CaxS = Caxiuanã secondary forest, DucP = Reserva Ducke primary
forest, DucS = Reserva Ducke secondary forest, MamP = Mamori primary forest,
ParP = Paratari primary forest, ParS = Paratari secondary forest, CacP = Cacaulandia
primary forest. Primate ecospecies abbreviations: How = Alouatta spp., Cap = Cebus
apella, Titi = Callicebus spp., Saki = Chiropotes satanas, Pithecia spp., Tam = Saguinus
spp., Squ = Saimiri spp. Dung beetle guild abbreviations: Ndn = buries no seeds, active
day or night; Sd = buries small seeds during the day; Sn = buries small seeds during the
night; LSd = buries both large and small seeds during the day or during crepuscular peri-
ods; LSn = buries both large and small seeds during the night.
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pattern, and that large seeds should be readily buried. Nevertheless, to-
tal biomass of beetles is less there than at other sites (Table III). Thus,
while many seeds may be dispersed, few may actually be buried. In addi-
tion, smaller seeds (<5 mm) may be buried too deeply for germination,
because Dichotomius spp. generally bury seeds at depths between 4 and
9 cm (Vulinec, 2002).

Reserva Ducke also had a low overall average biomass of both
primates and beetles, with a dominance of howlers and LSn. Patterns
of seed dispersal and burial at Reserva Ducke should be similar to
Caxiuanã, but primate biomass is the lowest at Reserva Ducke of any of the
5 sites, suggesting fewer seeds being dispersed than at other 4 sites. Nev-
ertheless, given the high biomass of LSn there, large seeds in secondary
growth have a good chance of being buried. Relative to the other sites,
Paratari and Mamori are expected to have only small seeds buried in a scat-
tered and shallow pattern. This conclusion stems from the dominance of 2
beetle guilds that bury small seeds only and the biomass of smaller, rapidly
moving primates (e.g., Cebus spp., Saimiri spp.) that tend to defecate during
midday. In addition, Mamori has a high howler biomass, and should differ
from Paratari in that large seeds are more likely to fall to the ground during
monkey defecation; because there are fewer large beetles to bury them, the
seeds are then more vulnerable to terrestrial seed predators, e.g., Agouti
paca, Dasyprocta agouti. In addition, because howlers often defecate large
amounts in a given area, the distribution of seeds due to diurnal rollers is
likely to be ≤ 5 m away from the original site of defecation (Halffter and
Matthews, 1966; Vulinec, 2000), and would therefore exhibit a relatively
clumped pattern, though buried shallowly. At Paratari, the highest beetle
guild biomass in secondary growth was Sn, beetles that bury small seeds at
night (primarily Canthon aequinoctialis). Thus, secondary growth there may
have only small-seeded trees protected from predation, and a dominance of
them would be expected along areas of primate activity.

The biomass of Cebus apella at Cacaulandia was high. Because they
occupy large home ranges, and travels daily over several km2, they tend
to defecate seeds in a more dispersed and scattered distribution relative to
howlers (Boinski, 1987; Boinski et al., 2002; Chapman, 1989; Julliot, 1996;
Rowell and Mitchell, 1991). Nevertheless, beetle biomass comprised pri-
marily guilds LSn—the night tunnelers—and Ndn that do not bury seeds.
Our prediction is that Cacaulandia, while small seeds should still be dis-
persed in a relatively scattered pattern, those that were not consumed by
diurnal seed predators and were still in dung by nightfall would be buried
too deeply for germination. In secondary growth, we expect all seeds to be
buried in a clumped and deep pattern (owing to the high biomass of bee-
tle guild LSn), but larger seeds there are more likely to be buried under
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optimal conditions for both germination and escape from seed predators.
Because of its relatively high biomass of both primates and beetles, one
would expect the site to have the greatest potential for regeneration of sec-
ondary growth. Because the entire state of Rondônia is undergoing rapid
deforestation and habitat degradation (Laurance et al., 2001; Stone et al.,
1991), the finding has potentially important implications: it suggests that if
hunting of primary dispersers is controlled, there may be high potential for
natural reforestation.

We mention several caveats in the context of these predictions. First,
other vertebrate seed dispersers were not considered. Dung beetle food
preferences are likely to impact seeds dispersed by primates more heavily
than those dispersed by birds, bats, or other mammals (Estrada et al., 1993;
Halffter and Matthews, 1966). Other mammals such as coatis (Nasua spp.)
also disperse seeds, but have a much lower biomass and defecate less dung
than primates in tropical forests (Gill, 1991; Nagy and Milton, 1979). We
did not survey night monkeys (Aotus spp); thus these ubiquitous primates
may have a larger effect on seed dispersal and interactions with noctur-
nal dung beetles than considered here. In addition, primates that are pri-
marily seed predators (such as Pithecia spp.) may be dispersing some seeds
(Norconk et al., 1998); it was difficult to assess the overall positive or neg-
ative effect of the primates. Nevertheless, primates are the main disperser
of large seeds (>25 mm); thus, overall, they and large dung beetles as sec-
ondary dispersers will likely have the greatest impact on both the dispersal
of large seeds and escape from seed predators in tropical forests.

Our data suggest that depending on whether a seed is small or large
and the pattern of deposition and burial, some sites have a greater poten-
tial for forest regeneration from secondary growth (Table IV). We suggest
that the disturbed habitats that are most likely to regenerate rapidly are
those with a high biomass of howlers (for high levels of primary dispersal
of large seeds), along with other primate species that move rapidly over a
large area, e.g., Cebus spp., Saimiri spp. Unfortunately, some highly effec-
tive primate seed dispersing taxa, e.g., Ateles spp., Lagothrix spp., (Dew,
2001; Russo, 2003) are decreasing in abundance as a result of overhunting
or habitat destruction (Peres, 2000) or both. Because of the proximity of
humans to secondary forest, species that are highly tolerant of humans will
meet most of the role of reforestation.

Researchers have given less attention to primate-beetle-plant inter-
actions in the Paleotropics than in the Neotropics, predictions regarding
potential for reforestation based on such data are difficult. Nonetheless,
though there is no such datum for Asia, available data from Africa suggest
differences between Africa and Amazonia (Kaplin and Moermond, 1998;
Lambert and Garber, 1998). A striking disparity in the primate primary
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Table IV. Predictions for seed dispersal patterns at 5 Amazonian sites given the biomass of
dispersers at each site

Site

Pattern of
primary
dispersal

Pattern of
secondary
dispersal

Large seeds
buried

Potential for
secondary

reforestation Justification

Caxiuanã Clumped Clumped,
deep

Y Good High biomass
howlers,
LSn

Reserva
Ducke

Clumped Clumped,
deep

Y Poor Low biomass
all primates

Mamori Clumped Clumped,
shallow

N Fair Low biomass
LSn

Paratari Scattered Scattered,
shallow

N Good for
small
seeds

Low biomass
howlers,
LSn

Cacaulandia Scattered Clumped,
deep

N Poor for
small
seeds

No howlers,
high
biomass
LSn

dispersers in the 2 regions is the greater variability in seed handling behav-
iors among Old World taxa—which ultimately influences both the quality
and quantity components of seed dispersal (Corlett and Lucas, 1990; Kaplin
and Lambert, 2002; Lambert, 1998b, 1999, 2002). Cercopithecinae are con-
fined to the Paleotropics and are the only subfamily of primates with cheek
pouches. Cheek pouches have very important consequences for how a cer-
copithecine handles seeds, which includes seed spitting, instead of swallow-
ing (Lambert, 2001, 2004). Cercopithecines are also often habitat general-
ists, and are among the most terrestrial of primates; even arboreally adapted
cercopithecine species e.g., Cercopithecus spp., commonly travel between
patches on the ground. For example, in Nyungwe Forest, Rwanda, Kaplin
(2001) found that Cercopithecus l’hoesti use regenerating areas—forest that
had been selectively logged ≥ 30 yr before—and road and trail edges.

Virtually nothing is known about the seed handling behaviors and dis-
persal effectiveness of African and Asian nocturnal prosimians. The other
Old World monkey subfamily (Colobinae) exhibit both dental and diges-
tive adaptations for consumption of leaves, and when they consume fruit,
the seed is typically masticated and destroyed. Though colobines occur
in regenerating areas (Chapman and Lambert, 2000; Skoropa, 1988), be-
cause they tend to be seed predators rather than seed dispersers, their im-
pact on forest demography is difficult to evaluate (Reed, 1999). African
great apes—Gorilla gorilla, Pan paniscus, and Pan troglodytes—are seed
swallowers and typically defecate seeds in very large clusters, numbering in
the hundreds (Lambert, 1999b; Voysey et al., 1999a,b). Of the 3 species,
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(Pan troglodytes) is the most likely to use regenerating forest, and will
cross open gaps when traveling between forest fragments. However, be-
cause their biomass overall in primate communities tends to be relatively
much lower than that of cercopithecoids, their impact on the quantity of
seed dispersal (quality notwithstanding) is likely to be much less relative to
monkeys, e.g., in Kibale National Park, Uganda, cercopithecines occur at
a density of 135 indv/km2 and chimpanzees at 3 indv/km2 (Chapman and
Lambert, 2000).

Studies on dung beetles in Uganda indicate that overall there are
fewer dung beetles in secondary and fragmented forest, and that smaller
dung beetles are more common, suggesting that fewer larger seeds will be
buried in disturbed areas relative to primary forest (Chapman et al., 2003a;
Shepherd and Chapman, 1998). These findings suggest, as argued by Kaplin
and Lambert (2002), that cercopithecine monkeys, and perhaps Cercopithe-
cus spp. in particular, may be especially important to the regeneration of
disturbed areas. Duncan and Chapman (1999) investigated regeneration of
abandoned agricultural areas around Kibale National Park, Uganda, and
found that half of Musa in their study were visited by primates that disperse
seeds of species that occur in intact forest and are rarely dispersed by bats
and birds. Succession and regeneration in degraded landscapes is limited
by lack of seed rain by dispersers that can move large seeds. Based on their
quantity of seed dispersal via spitting and their use of degraded areas, cer-
copithecines are likely to play both an absolutely and a relatively important
role in the establishment of large-seeded species in degraded habitats in
Africa, though this likelihood remains to be fully tested.

Though fragmentation of primary rain forest remains the most crit-
ical factor in habitat restoration (Chapman et al., 2003a,b; Laurance and
Bierregaard, 1997; Lovejoy et al., 1986), secondary forest fragments and
secondary growth that is adjacent to primary forest may be increasingly im-
portant as areas for conservation and reforestation (Chapman et al., 2003a;
Vulinec, 2000). Large differences exist in primate communities even at rel-
atively close geographic distances (Mamori and Paratari). The factors re-
sponsible for these differences need further investigation if conservation
of natural seed dispersal systems is to remain viable. We have shown that
while there are large differences among sites in primate biomass, there is
no difference between primary and secondary forest at each site. Primates
are common in secondary forest, and their reforestation may be influenced
by the primate community and both the biomass and type of beetle guild
present. In habitats such as the tropics where there is a high level of inter-
action between primates and dung beetles, the biomass and specific com-
position of the 2 important communities will determine patterns of seed
dispersal and burial in primary as well as secondary forests.
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Museu Paraense Emı́lio Goeldi, Belém, pp. 23–52.
Lovejoy, T. E., Bierregaard, R. O., Jr., Rylands, A. B., Malcolm, J. R., Quintela, C. E., Harper,

L. J., Brown, K. S., Powell, A. H., Powell, G. V. N., Schubart, H. O. R., and Hays,
M. B. (1986). Edge and other effects of isolation on Amazon forest fragments. In Soulé,
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