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Abstract In Neotropical humid forest, the majority of
tree species have seeds dispersed by vertebrates. Seed
deposition by vertebrates is often spatially aggregated
and a low per capita survival for seeds and seedlings is
predicted. However, mortality factors could be saturated
by high densities. I evaluated whether recruitment of
saplings of species dispersed by black and gold howlers
(Alouatta caraya) in latrines is higher than at control
sites: (1) below parent trees, (2) in trees not used by
monkeys to sleep, (3) randomly chosen sites within the
forest, and determined whether howlers may influence
current floristic composition of the Paraná River flooded
forest. I recorded saplings several years old in the ter-
ritories of five monkey groups. In total, I found four
times more saplings in latrines than in the other areas,
and results suggest that latrines are recruitment foci for
most species, though larger samples would be required
to assess this for every species. Frequency distribution of
the diameter of tallest saplings of more abundant species
reflected recruitment over time. I found saplings of
more species growing in latrines than outside of them.
Saplings higher than 1 m of two species of laurels
(Ocotea diospyrifolia and Nectandra megapotamica) and
one species of Myrtaceae (Eugenia punicifolia) had
higher densities in latrines than below parent trees.
Results suggest that mortality factors were saturated in
latrines and that sapling may grow at a higher rate in
latrines. In relation to the influence on floristic compo-
sition E. burkartiana, an uncommon species in the forest,
could increase in abundance as consequence of seed
dispersal by howlers.

Keywords Argentina Æ Eugenia punicifolia Æ Flooded
forest Æ Ocotea diospyrifolia Æ Paraná River Æ Saplings

Introduction

The spatial pattern of plant populations is governed by
the pattern of seed deposition and post-seed dispersal
processes that modify the original distribution of seeds
(Schupp 1995). At the community level, seed dispersers
are important in maintaining floristic heterogeneity
in forest stands (Howe and Vande Kerckhove 1981;
Bourliere 1985). In Neotropical humid forests, 50–90%
of canopy tree species and up to 100% of sub-canopy
species have fruits dispersed by vertebrates (Howe and
Smallwood 1982; Terborgh et al. 2002). Seed deposition
by vertebrates is often spatially aggregated (Schupp
et al. 2002). Aggregation restricts the arrival of seeds to
potential sites for recruitment (Howe and Smallwood
1982), and has consequences on recruitment at later life
stages because survival can depend on the density
of seeds, seedlings, or young saplings (Janzen 1970;
Hubbell 1980). However, saturation of mortality factors
can also have important consequences in microsites with
a high density of seeds or seedlings, in which case a
clumped distribution persists at all stages (Schupp et al.
2002; Russo and Augspurger 2004).

Primates are among the most frugivorous species of
mammals and are among the most important taxonomic
groups for seed dispersal in tropical forests (Corlett
1998; Poulsen et al. 2002; McConkey 2005). Studies
with primates have revealed that clumps of seedlings of
the more important species in their diets are linked
to sleeping trees, the areas that received the highest
frequency of seed deposition (Julliot 1997; Russo and
Augspurger 2004), such that seed mortality factors are
saturated. Nevertheless, these patterns do not necessar-
ily imply a high recruitment linked to sleeping trees
because seedlings can also suffer a high level of mortality
(Janzen 1970; Jordano and Herrera 1995). Thus, in
order to understand the importance of seed dispersal for
plants at the population and community levels, it is
necessary to link seed dispersal patterns among several
life stages (Levine and Murrell 2003).
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In some ecosystems, the importance of large primates
as seed dispersers is supported by evidence at two levels:
that of the tree population and that of the forest com-
munity. For example, around Manu National Park
(Peru), local extinction of large-bodied primates brought
about a reduction of 50% in species richness and 60% in
abundance of juvenile trees (Nuñez-Iturri and Howe
2007; Nuñez-Iturri et al. 2008). As mentioned earlier,
seedlings of species dispersed by large bodied-primates
were found at higher densities around their sleeping trees
(Julliot 1997; Russo and Augspurger 2004). However, all
these studies focus on young juvenile trees so that it is
not possible to assume a high recruitment at later stages
linked to primate activities.

I evaluated the impact of seed dispersal by black and
gold howler monkeys (Alouatta caraya) on the recruit-
ment of young saplings and on the oldest saplings, at
two levels, (1) populations of trees more frequently
dispersed by them and, (2) the forest community. I
selected a howler population inhabiting the Paraná
River flooded forest in east-central Argentina. The black
and gold howler is the most important arboreal frugi-
vore in this ecosystem (Bravo and Sallenave 2003), and it
disperses a great amount of seeds which are mostly
deposited in latrines (Bravo 2009).

Under the hypothesis of saturation of mortality fac-
tors in latrines, I predict that saplings of different sizes/
ages of species dispersed by black and gold howlers will
be present in higher numbers in latrines than in other
areas of the forest. My specific objectives were to: (1)
determine whether recruitment of juveniles and saplings
in latrines is higher than at control sites, such as below
parent trees, in trees not used by monkeys to sleep, or at
randomly chosen sites within the forest, and (2) deter-
mine whether seed dispersal by howlers may influence
the current floristic composition of the forest, consider-
ing the particular dynamic of that forest.

Methods

Study site

The study was carried out on Brasilera Island (Argen-
tina) from June to August of 2000. Brasilera Island is
located at the confluence of the Paraná and Paraguay
Rivers (27�30¢S, 58�41¢W). The climate is subtropical,
with an annual average temperature of 21�C, and an
annual thermal amplitude of 12�C. Annual precipitation
is approximately 1,500 mm. Even though precipitation
decreases during the winter, there is no marked dry
season because evapotranspiration is lower during this
period. The island is 280 ha in size, of which 141 ha are
covered by flooded forests. This is one of the forest types
that make up the Atlantic Forest further upstream, and
at this latitude represents an intromission of the Atlantic
Forest into the Humid Chaco along Paraná and Para-
guay Rivers (Daly and Mitchell 2000).

Like other flooded forests associated with big rivers
(e.g., várzea in Amazon), the flooded forests of the
Paraná River islands are both geomorphologically and
biogeographically influenced by fluvial dynamics (Daly
and Mitchell 2000). Over time, the river course meanders
across the floodplain creating a heterogeneous landscape
with a diversity of fluvial elements such as oxbow lakes,
lagoons, and point bars. The diversity of vegetation
types (e.g., forest, grassland, savanna) found in this kind
of ecosystem reflects this high landscape heterogeneity.
Topographic, edaphic, and age factors define different
forest types on islands, but islands in general tend to
have fewer tree species than inland forests (Daly and
Prance 1989; Daly and Mitchell 2000). It is an ideal
forest in which to study regeneration because periodic
floods favor vegetation with high recovery rates and
resistance to inundation (Eskuche and Fontana 1996).
During ENSO events, the islands of the Paraná and
Paraguay Rivers suffer extraordinary floods. During
particularly strong ENSO events, floods can last more
than a year (Neiff et al. 2000; Camilloni and Barros
2003). A high proportion of trees (40–60%) and animals
die during these extraordinary floods and in general all
plant communities of the islands are destroyed, but after
a few years the physiognomy of the forest and animal
populations recover (Lewis et al. 1987; Neiff et al. 2000).
The last of these floods recorded were in 1904 and
1982–1983 (Neiff et al. 2000; Camilloni and Barros
2003).

Mature forests on Brasilera Island, which occupy
66 ha at the center of the island, are surrounded by
lagoons. The canopy is dominated byOcotea diospyrifolia
and Albizia inundata (Mart., Mimosaceae). The under-
story is dominated by Eugenia punicifolia, Psychotria
carthagenensis, and O. diospyrifolia saplings (Bravo and
Sallenave 2003).

There is no permanent human settlement on Brasilera
Island, although it is impacted by surrounding human
communities. The main human activities on Brasilera
Island are selective logging, hunting, and cattle ranch-
ing. The frequency of those activities is variable, and
they are greater in the periphery than at the center of the
island. They generally increase when the water level is
low, although hunting pressure is high when the river
rises and there are only small areas free of water.

Characteristics of the black and gold howler’s
seed dispersal pattern

The flooded forest of the Paraná River has the greatest
density of howler monkeys within the genus’ distribu-
tion, from Mexico to Argentina (Crockett 1998), and
Brasilera Island has the largest density (4.25 ind./ha) of
black and gold howlers in mature forests (Kowalewski
2000). Black and gold howler monkeys defecate pri-
marily at the end of a resting period and before or after a
territorial encounter. Consequently, more than 65% of
the seeds previously ingested by howlers are deposited in
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latrines located beneath sleeping trees and at the edges of
the territories (Bravo 2009). Every group of monkeys
uses a variable number of trees to sleep in (7–8), but they
have a main sleeping tree where they rest approximately
50% of the nights and which in very few occasions is not
used for more than two consecutive nights (Bravo 2009).
This behavior results in the existence of a ‘‘big latrine’’ at
these main sleeping trees. Big latrines can be used for
more than 10 years (personal observation), have a
diameter of approximately 20 m, and are characterized
by several centimeters of fecal material and seeds (Bravo
2009). These big latrines are formed by the fusion of
small latrines located around the main sleeping tree.
Smaller latrines are those located at the edge of territories
and are associated with trees used during confronta-
tions between groups (vocalizations, fights, and chases
between individuals), while other small latrines are
associated with day-rest periods. Both types of small
latrines are approximately 5 m in diameter (Bravo 2009).

Recruitment evaluation

I evaluated the recruitment of saplings of all tree species
from which howlers were recorded eating fruits on the
islands of Paraná River (Bravo 2003; Bravo and Sallenave
2003; Ludwig et al. 2008) (Table 1). Saplings of trees of
different species were identified using a catalogue made
during laboratory germination trials (Bravo 2003, 2009).
I defined two kinds of saplings: short ( £ 25 cm, without
considering seedlings), and tall saplings (>25 cm). I fur-
ther classified tall saplings into three height classes (25–50,
51–100, and >101 cm). All saplings were lignified and

some individuals in the last category were more than
10 years old (they were recorded and labeled in 1994
during a general survey of the vegetation). In order to
obtain a better description of taller saplings and to
determine if saplings were from the same or a different
cohort, I measured the diameter of saplings of all species,
forwhich I recorded at least 20 individuals taller than 1 m.
If a sapling was shorter than 3 m, Imeasured the diameter
at mid-trunk and if it was taller than 3 m, I measured the
diameter at breast height.

For Psychotria carthagenensis (Jacq., Rubiaceae)
saplings, I used only the first height class because taller
individuals were adults. For the same reason, I counted
Eugenia punicifolia (Kurth DC, Myrtaceae) saplings
taller than 1 m only if they had a basal diameter
of <3 cm.

On the island there are three species of laurels: Ocotea
diospyrifolia (Meinz.) Mez., Nectandra angustifolia (Ness
et Mart.) and Nectandra megapotamica (Spreng.) Mez.
The first is the dominant species in mature forest and the
second is less abundant than O. diospyrifolia, but easily
identified. The third is the least abundant and is so
similar to O. diospyrifolia that it is difficult to distinguish
one from the other in the field, especially saplings.
I therefore refer to O. diospyrifolia and N. megapotamica
saplings as ‘‘laurels’’.

Sampling of big latrines

I found six big latrines by following six groups of black
and gold howlers during 4 or 5 days from dawn to dusk.
I sampled short saplings below the crown of the six

Table 1 Number of short (S) and tall (T) saplings of each species counted in big and small latrines and at their respective control sites at
the community level (i.e., non-sleeping trees and control plots)

Family Species Big latrine Non-sleeping
tree

Small latrine Control plot

S T S T S T S T

Lauraceae Laurels (two species) 238 107 77 12 943 43 24 8
Nectandra angustifolia 2 3 _ _ 2 3 _ 1

Fabaceae Inga vera 3 13 _ 2 12 5 6 2
Myrtaceae Eugenia punicifolia 317 190 91 15 531 67 261 40

Eugenia pyriformis 9 _ 4 1 2 1 4 _
Eugenia burkartiana _ _ _ _ 5 24 2 _
Psidium guajava 3 _ _ _ 2 1 1 1
Sp 1 _ _ _ _ 1 _ _ _

Flacourtiaceae Banara arguta 2 5 83 4 0 1 1 _
Sapotaceae Pouteria salicifolia 2 2 _ _ 7 4 1 _
Cecropiaceae Cecropia pachystachya 23 15 10 4 _ 10 _ _
Rubiaceae Psychotria carthagenensis 1065 87 66 4 629 100 319 40
Vitaceae Cissus palmata 6 4 6 2 4 _ _ _
Sapindaceae Paullinia spp. 11 7 31 1 60 _ _ _

Total 2114
(37%)

413
(7%)

2457
(43%)

711
(13%)

Cumulative richness 13 10 13 11

Cumulative richness = total number of species at each site. Laurels refer to Ocotea diospyrifolia and Nectandra megapotamica saplings,
combined
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sleeping trees using two transects 9 m long and 2 m
wide, each. Transects were placed in opposite directions
on each side of the trunk. For every tree, the initial
direction was randomly selected and all short saplings of
trees of different species were identified and counted.
I sampled tall saplings in the same way and at the same
site, but used 4-m-wide transects. Saplings of sleeping
tree species were not considered, in part because sleeping
trees were species whose seeds were not dispersed by
howlers.

Sampling of small latrines

Twenty-seven small latrines were located by searching in
the forest at random and during behavioral observations
of the six groups described previously. I identified and
counted all short saplings in 17 small latrines and
counted and identified tall saplings in the rest of the
small latrines (n = 10).

Impact at the population level

To evaluate the effect of seed dispersal by howlers on the
population dynamics of different tree species, I com-
pared recruitment of saplings in big latrines with
recruitment below parent trees of the species dispersed
more frequently by howlers: O. diospyrifolia, E. punici-
folia, P. carthagenensis, Banara arguta (in order of rel-
evance; Bravo 2003, 2009; Bravo and Sallenave 2003).
I sampled short and tall saplings below the crown of the
parent trees using transects similar to those used in big
latrines. Psychotria carthagenensis and E. punicifolia are
understory trees whose crowns have diameters of 1–2 m
and which are distributed in high-density patches.
I sampled species using the two 9-m-long transects in
these patches.

Impact at the community level

To evaluate the effect at the community level and to
discard any nurse effects on saplings by the trees found
above the big latrines, I compared the recruitment of
saplings in big latrines (below the main sleeping trees)
with recruitment below six adult trees of the same spe-
cies and size as the sleeping trees, but not known to be
used by howler groups (non-sleeping trees). In order to
evaluate the impact of small latrines on regeneration at
the community level I compared the recruitment of
saplings in small latrines with recruitment in control
plots. Because small latrines had a mean diameter of
5 m, I selected at random 33 control plots with this
diameter and with a vegetation cover similar to the 27
small latrines found. I identified and counted all short
saplings in 17 control plots and tall saplings in 16 con-
trol plots. For evaluations of both big and small latrines,
I sampled all plant species whose fruits are consumed by

howlers (Bravo 2003; Bravo and Sallenave 2003; Ludwig
et al. 2008).

To evaluate the impact of seed dispersal by howlers
on floristic composition for big latrines, non-sleeping
trees, small latrines and control plots, I calculated (1)
mean richness: mean of number of species per latrine,
non-sleeping tree or plot, and (2) cumulative richness:
total number of species found in latrines, non-sleeping
trees or plots.

Because small latrines are more abundant than big
latrines, it was possible to also calculate (1) frequency:
the percentage of latrines or control plots in which short
and tall saplings of each species were present; and (2)
abundance: mean number of individuals of each species
per latrine or control plot. As a consequence of the small
area of these latrines, the number of saplings growing in
each is small and it was therefore impossible to do a
detailed analysis of recruitment per height category as
was done for big latrines.

In order to integrate community level results, I devel-
oped a conceptual model showing the richness and
number of saplings censused in latrines (small and big)
and in controls (control plots and non-sleeping trees)
across the following height categories: short saplings
(<25 cm), tall saplings between 25 cm and 1 m, and
saplings taller than 1 m. I estimate transition probability
in latrines and controls as the number of saplings cens-
used in one height category divided the number of
saplings censused in the previous height category.

Statistical analysis

In all analyses I considered trees or patches of trees as
replicates and used the mean density of values obtained
in the two transects. To evaluate differences in the density
of tall saplings in big latrines, at latrines at non-sleeping
trees and at parent trees (Laurels and E. punicifolia),
I used a repeated-measures two factor analysis of vari-
ance (ANOVA). One factor was the site (big latrine/non-
sleeping tree or parent tree) and the other was the height
of saplings with three height classes within subjects (each
tree). Comparisons of treatments after ANOVA were
performed using Tukey’s test. Raw data of E. punicifolia
were square root transformed (Zar 1996).

I used a two-sample t test to compare mean richness
of tall saplings at big latrines, at non-sleeping trees, at
small latrines, and at control plots. Because samples
showed different variances, I used a two-sampled t¢ test
to compare mean richness and density of short saplings
in big latrines and at non-sleeping trees, short sapling
density of laurels and E. punicifolia in big latrines and
parent trees, and mean richness and abundance of tall
saplings in small latrines.

I used a U test to compare density of tall saplings of
P. carthagenensis in big latrines and parent trees because
data were not normally distributed.

Finally, B. arguta saplings had very low densities,
thus I was not able to statistically analyze these data.
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Results

Impact at the population level

Description of the tallest saplings

For four species, I found more than 20 individuals taller
than 1 m, but only in latrines, the diameters of two
laurels species (Fig. 1a), E. punicifolia (Fig. 1b), and
E. burkartiana (Fig. 1c) show that saplings are several
years old and not of the same age. Outside latrines
(below parents trees, non-sleeping trees, or in control
plots) I did not find more than 20 individuals of any
species higher than 1 m. I found only two saplings of
laurels taller than 1 m below parent trees and three
below non-sleeping trees (Fig. 1a). I found two saplings
of E. punicifolia taller than 1 m below parent trees and
only one below non-sleeping trees (Fig. 1b). All saplings
found in controls were associated with the two smallest
diameter categories.

Big latrines versus parent trees

For three out of four species evaluated, the density of
saplings was higher in big latrines than below parent
trees, but not all were significant differences.

The density of short saplings of laurels was signifi-
cantly higher in big latrines than below parent trees
(t¢ = 3.1; df = 18.6; p = 0.006; Fig. 2). Interaction
between site and height classes of tall saplings was also
significant (F = 44.42; df = 2; p < 0.00001), and the
density of saplings taller than 1 m was higher in big
latrines than below parent trees (Tukey test, p < 0.05;
Fig. 2).

There was no significant difference in the density of
E. punicifolia short saplings between big latrines and
below parent trees (short saplings: t¢ = 1.7; df = 5.3;
p = 0.1; Fig. 2). Nevertheless, density of short and
tall saplings in latrines was higher than below parent
trees for all categories (Fig. 2). Interaction between
site and height classes of tall saplings was significant
(F = 5.76; df = 2; p < 0.01), and density of saplings
taller than 1 m was significantly lower below parent
trees than in big latrines (Tukey test, p < 0.05;
Fig. 2).

The density of P. carthagenensis short saplings was
significantly higher in big latrines than below parent
trees (t¢ = 3.28; df = 4.29; p = 0.02; Fig. 2), but was
not significant for tall saplings (U = 3.0; n = 4; n = 5;
p = 0.08; Fig. 2).

Short saplings of Banara arguta had very low den-
sities (an average of <0.8 individuals per m2), with
high variability in both big latrines and below parent
trees, but with higher density below parent trees
(Fig. 2). Tall saplings were rare in big latrines and
below parent trees (on average <0.02 individuals per
m2; Fig. 2).
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Impact at the community level

Big latrines versus non-sleeping trees

The density of short saplings in big latrines was greater
than below non-sleeping trees (t¢ = 2.7; df = 5.4;
p = 0.04; Fig. 3a). Tall sapling densities showed sig-
nificant differences between sites (F = 28.92; df = 1;
p < 0.0003) but not between height classes (F = 3.32;
df = 2; p = 0.06), and there was no interaction
(F = 2.25; df = 2; p = 0.13, Fig. 3a). Cumulative
richness was 13 species in big latrines and 10 species
below non-sleeping trees (Table 1). Mean richness of
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short saplings was similar at both sites (t¢ = 0.7; df =
6.1; p = 0.5; Fig. 3b), but mean richness of tall saplings
was lower below non-sleeping trees than in big latrines
(t = 4.1; df = 10; p = 0.002; Fig. 3b).

Small latrines versus control plots

The abundance of short and tall saplings in small
latrines was 139 ± 32 (mean ± SE) individuals per
latrine and 25 ± 4 individuals per latrine, respectively.
Mean abundances were lower in control plots than in
small latrines, with 36 ± 4 individuals per plot for short
saplings and 6 ± 2 individuals per plot for tall saplings
(short saplings: t¢ = 3.19; df = 16.60; p = 0.005; tall
saplings: t¢ = 5.26; df = 10.17; p = 0.0003). Cumula-
tive richness was 13 species in small latrines and 11
species in control plots (Table 1). Mean richness of short
and tall saplings was higher in small latrines than in
control plots (short saplings: 4.4 ± 0.4 vs. 3 ± 0.5;
t¢ = 3.2; df = 21.79; p = 0.004; tall saplings: 4 ± 1 vs.
2 ± 0.5; t = 4.11; df = 23; p = 0.004). Considering
both short and tall saplings together, nine species were

present in more than 20% of latrines (Fig. 4a), whereas
in control plots only four species surpassed this per-
centage, and their abundance was several times lower
than in small latrines (Fig. 4b). Eugenia punicifolia and
P. carthagenensis short saplings were found in 100% of
small latrines (Fig. 4a) and control plots (Fig. 4b). Short
saplings of laurels were present in 100% of small latrines
(Fig. 4a), but in only 56.7% of control plots (Fig. 4b).

Impact at the community level: integration model

Eighty percent of short saplings were found in big and
small latrines (Fig. 5) and had a transition probability of
becoming tall saplings similar to that of short saplings
growing in control sites (non-sleeping trees and control
plots). However, the number of tall saplings in latrines
was five times higher than in controls because of dif-
ferences in short sapling abundance (Fig. 5). Consider-
ing tall saplings shorter than 1 m, the transition
probability of becoming taller than 1 m increases
noticeably in latrines (0.7) but not in controls (0.13). The
number of saplings taller than 1 m in latrines was 18
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times higher than in controls and represented 95% of
those saplings. Also notable was the reduction in rich-
ness in controls, from 13 to 6 species (Fig. 5).

Discussion

Impact on recruitment

Short and tall saplings of studied species showed high
abundance in latrines. In Brasilera Island, latrines
appear to be important sites for the recruitment of at
least the four most abundant species: the two laurels
(O. diospyrifolia and N. megapotamica), E. punicifolia,
and P. carthagenensis, and for one non-abundant species
E. burkartiana. In several latrines, P. carthagenensis
saplings reached the adult stage and produced fruits
(unpublished data). In September 2004, 4 years after the
present study was finished, I observed the flowering of
one laurel sapling growing in a latrine. These observa-
tions, although anecdotal, suggest that the seed dispersal
loop can be closed in black and gold howler latrines
in the Paraná River flooded forest, at least for some
species.

Previous studies reported clumps of seedlings or
juvenile trees linked to primate latrines. For example,
clumps of seedlings are linked to sleeping trees used by
howler monkeys (Alouatta seniculus) in French Guiana
(Julliot 1997), and the seedlings and saplings of Virola
calophylla are found clumped under the sleeping trees of
spider monkeys (Ateles paniscus) in Peru (Russo and
Augspurger 2004). However, this is the first study to link
primate latrines to the recruitment of saplings several
years old. Tall saplings in particular were several years
old and the last height class (>101 cm) likely experi-
ences very low mortality. In big latrines, density of tall
saplings was greater than under non-sleeping trees and
parent trees for all the height classes. While the number

of tall saplings decreased across height classes below
parent trees, it increased or was constant in latrines,
which implies that sampled saplings were the outcome of
a continuous high recruitment over time in latrines. This
recruitment over time is also reflected by the frequency
distribution of the diameter of tallest saplings censused
in big and small latrines.

Transition probabilities from short to tall saplings
were similar in latrines and in controls; however, latrines
had a larger number of tall saplings, exhibiting the
potential for saturation. While transitional probabilities
remain constant in controls, they increase noticeably in
latrines from tall saplings shorter than 1 m to those
taller than 1 m, denoting that another mechanism could
be involved. For example, they could be due to a high
growth rate because of repeated nutrient addition via
feces. Nutrient levels (N, P, and C/N ratios) are high in
howler latrines (even at different depths). Additionally,
compared to outside of latrines, the micromorphology
of the soil in latrines is more favorable for the devel-
opment of roots (Feeley 2005; Dos Santos Neves et al.
2010).

Different factors, such as herbivory (Schupp 1988),
pathogens (Augspurger 1984) or nutrients (Burslem
et al. 1996) could determine seedling mortality and affect
the number of saplings. All of these factors produce an
increment in mortality when the density of seeds and
seedlings increases, which in turn produces a low per
capital survival at high densities. Any of these factors
could be acting in black and gold howlers latrines in the
Argentinean Paraná River flooded forest. Although the
per capita survival in latrines is expected to be low, at
the total forest scale, microsites receiving a large amount
of seeds (i.e., latrines) are the sites with the higher
recruitment of tall saplings. This persistence of spatial
patterns of seed dispersion throughout recruitment
stages occurs when mortality factors are saturated by a
large amount of seeds and seedlings (Herrera et al. 1994;

Short saplings Tall saplings

<1m >1m

Latrines

3,879 ind
15 sp

Controls

987 ind

13 sp

80%

20%

4866 ind

Latrines

408 ind
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77%
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284 ind
10 sp

300 ind

5%

95%

0.18

0.14

0.7

0.13

Fig. 5 Results at the
community level. Number of
saplings and richness are shown
within circles. Arrows represent
the transitions between sapling
categories and numbers on
arrows are the transition
probabilities. Lines between
latrines and controls are
accompanied by a summary of
the total number of saplings
(controls plus latrines) and the
percentage growing in each site
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Rey and Alcantara 2000; Schupp et al. 2002; Russo and
Augspurger 2004).

For laurels, another mechanism exists to promote
recruitment from seeds dispersed by howlers. Laurels
suffer an important pre-dispersal infestation, one indi-
vidual tree can have up to 80% of their seeds infested by
curculonidae larva, resulting in a lower potential to
germinate. However, most of these larvae are killed
during passage through the digestive tract of the howl-
ers, and seeds arriving at latrines in good condition to
germinate (Bravo 2008).

Impact on floristic composition

Black and gold howler latrines may help to maintain
forest species diversity and the current forest physiog-
nomy in mature Paraná River flooded forests because
species that are more common in latrines are the most
abundant in the forest. Additionally, latrines could
affect the abundance of uncommon tree species, such as
E. burkartiana, whose saplings were present in the 60%
of small latrines and were abundant in big latrines.

Big and small latrines had higher numbers of short
and tall saplings (indeed, 80% of total saplings recorded
in this study were found in latrines), and species richness
was also higher in these microsites, however differences
were not statistically significant for short saplings. Mean
richness of tall saplings was significantly higher in
latrines than in other microsites, and in general, species
were more frequently observed, and was represented by
a higher number of individuals in latrines than in the
other microsites evaluated. However larger samples are
required to confirm this for all species.

Recruitment limitation is hypothesized for several
tree genera (e.g. Ocotea, Nectandra, Eugenia, Paulinia,
Guarea) in Amazonia and Guiana, because they are
mainly dispersed by Ateles spp. and Lagothrix spp., and
these species are being overhunted and locally extinct in
some areas (Peres and Roosmalen 2002). Seeds of these
genera in Amazonia and Guiana are also dispersed by
howler monkeys; however, their relevance on sapling
recruitment was discarded based upon low recruitment
expectation due to a heavily clumped pattern of seed
dispersal (Peres and Roosmalen 2002). On the contrary,
the results of the present study indicate that latrines are
good sites for recruitment of these species, since they
were the only sites where tall saplings were abundant. As
a consequence, the relevance of seed dispersal by howl-
ers should be evaluated in overhunted areas where they
are the only large-bodied primates present.

In more complex forests, such as the rest of the
Atlantic forest, and Amazonian, African, or Asian for-
ests, there are more fruiting species and the frugivore
community is more diverse. In these forests different
animal groups usually show distinct fruit preferences
but there is some overlap (Clark et al. 2001; Russo 2003,
Stevenson et al. 2005) that does not necessarily
imply redundancy in seed dispersal. For example, in

Cameroon, hornbill and monkey diets include several
species in common, but in different proportions, such
that the seed rain generated by both groups is also dif-
ferent. Even monkeys do not form a single assemblage,
demonstrating that they are not redundant as seed dis-
persers (Holbrook and Smith 2000; Poulsen et al. 2002;
Clark et al. 2004). As a result, in more species-rich for-
ests there is likely to be a more varied dispersal pattern
than in the relatively species-poor Brasilera Island,
where howlers are the main dispersers of large seeds.

Clumped seed dispersal patterns generated by some
vertebrates are one of three characteristics used by other
studies to disqualify the effectiveness of any vertebrate as
a seed disperser (Peres and Roosmalen 2002; Wehncke
et al. 2003). These characteristics (no specialized frugi-
vore diet, a strong clumped seed dispersal pattern with
high densities of seeds, and seeds deposited with a large
amount of dung) predict a low level of per capita sur-
vival for seeds and seedlings. Nevertheless, my results
and those of other studies (Fragoso 1997; Julliot 1997;
Giombini et al. 2009) show that, despite the low per
capita survival predicted, the higher and constant
number of seeds arriving produces a saturation of
mortality factors, permitting the recruitment of saplings.

It may not be appropriate to disregard the relevance
of any seed disperser for forest regeneration based only
on the characteristics of the seed dispersal pattern that it
generates, or because the species it consumes are also
consumed by other frugivores, or because it is not a
specialized frugivore. Doing so may under-value the
impact of local extinction of these vertebrates on forest
regeneration or their potential value in restoration pro-
grams. For example, while howler monkeys, unspecial-
ized frugivores, favored the recruitment of at least the
main fruit species in their diets, probably by saturation
of mortality factors, Civets, which are basically carniv-
orous, are the most effective seed dispersers of some
species of plants because, dispersed seeds are deposited
in locations optimal for germination and growth
(Nakashima et al. 2010). Similar are the situation
reported for gulls which diet is based on fish and marine
invertebrated however, more recent studies showed that
are the most important seed dispersers to Rubia fruticosa
(Rubiaceae) (Nogales et al. 2001) and to Corema album
(Empetraceae) (Calviño-Cancela 2002).

Seed dispersal by gold and black howlers is likely
more than only that at latrines because latrines represent
only a fraction of total dispersal—35% of scats are
deposited outside latrines (Bravo 2009). Therefore, gold
and black howlers also deposit seeds in low-density
conditions, increasing their potential as seed dispersers
for species that do not recruit in latrines. Similar pat-
terns of seed dispersal were described for other large
vertebrates, such as hornbills (Kitamura et al. 2008),
other howler species (Julliot 1997; Andresen 2002) and
spider monkeys (Russo and Augspurger 2004).

In summary, black and gold howlers are effective seed
dispersers for several tree species in Paraná River floo-
ded forests, and their latrines represent important
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recruitment areas. Black and gold howler monkeys likely
play an important role in the maintenance of the phys-
iognomy of mature Paraná River flooded forests and, in
concordance with results of this study, areas with high
densities of howlers have been found to have a higher
potential for natural restoration (Vulinec et al. 2006). As
a result, howlers may have more potential than currently
appreciated as catalyzers in forest restoration programs
of all Neotropical humid forests.
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Nuñez-Iturri G, Howe HF (2007) Bushmeat and the fate of trees
with seeds dispersed by large primates in a lowland rain forest
in western Amazonia. Biotropica 39:348–394
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