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ABSTRACT

Most studies examining dominance hierarchies have focused at the intraspecific level. While some examples of interspecific hierarchies have been noted, these have usually been
limited to a few species in the same taxonomic group that utilize resources in similar ways. Here, we examine evidence for dominance interference competition among vertebrates
comprising a diverse frugivore community, including 19 species of birds, squirrels, and primates in a mature Central African rainforest. A total of 38 fruiting trees from 18 species
were observed for 2058 h to record dominance interactions between foraging vertebrates. We show that interference competition occurs within and between taxonomically diverse
species of vertebrates at fruiting trees. The resulting cross-taxonomic dominance hierarchy includes larger vertebrates, such as primates and hornbills, as well as smaller ones, such
as squirrels and parrots. Within this hierarchy, the dominance rank of each species is highly correlated with body mass, and is shown to significantly affect the number of fruits
removed from a given tree. Because a majority of tropical tree species depend on vertebrates to disperse their seeds, and particular vertebrates may preferentially disperse the seeds
of specific tree species, results may have important conservation implications for the maintenance of tree diversity in regions where populations of larger frugivores have been

depressed or extirpated.
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LINEAR DOMINANCE HIERARCHIES ARE A COMMON FEATURE AMONG MANY
DIVERSE TAX4, including insects, crustaceans, fish, birds, and mammals
(Drews 1993). They may be either intrinsically determined or produced
through social interactions. Dominance rank has been found to be cor-
related with an individual’s age, sex, size, physiology, levels of aggression,
and niche use. In addition, dominance rank may influence many critical
aspects of a species’ life history, including movement patterns, foraging
efficiency, life span, reproductive success, and even sex ratios of offspring
(Clutton-Brock ez al. 1984, Alatalo & Moreno 1987, Pusey ez al. 1997,
Janson 1990).

While most studies examining dominance hierarchies have focused
at the intraspecific level, examples of cross-taxonomic hierarchies have
also been noted (Clutton-Brock ez al. 1984, Savolainen & Vepsalainen
1989, Daily & Erlich 1994). For example, Daily and Ehrlich (1994) de-
scribed an interspecific dominance hierarchy between frugivorous bird
species at fruiting trees in Costa Rica. However, in most studies, dom-
inance interactions have been limited to a few species in the same tax-
onomic group which utilize resources in similar ways—i.e., birds using
their beaks to forage on fruits (Daily & Erlich 1994). Much less is
known about dominance hierarchies comprised of species from diverse
taxonomic groups, such as birds and mammals, where trophic structures
important in feeding and resource use are distinctly different.

Dominance hierarchies generally arise out of interference competi-
tion (Fellers 1987, Savolainen & Vepsalainen 1989), where size or mass
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is often an important determinant of an individual’s rank (Huntingford
& Giles 1987). Across different taxa, such as birds and mammals, in
which feeding morphologies and resource use differ greatly, one might
not expect to find dominance hierarchies. Alternatively, if dominance
hierarchies do exist, they may be more diffuse or perhaps less related to
differences in body mass. For example, trophic structures, or a species’
particular morphology used in feeding, might be important in deter-
mining hierarchies because birds and primates obtain and process food
differently—birds primarily with their bills versus primates with their
hands and jaws.

Tropical frugivorous communities are well known for their taxo-
nomic diversity. Large and small birds and mammals frequently feed on
the same species of fruit (Howe 1980, Wheelwright & Orians 1982,
Gautier-Hion ez a/. 1985, Chapman 1987, Levey 1987, Howe 1993,
Moermond ez /. 1993, Hamann & Curio 1999). Such communities
offer unique opportunities to examine cross-taxonomic interactions and
dominance hierarchies. It is not uncommon to find ten or more frugi-
vore species feeding on the fruit of a single tree (Howe 1982, Hamann
& Curio 1999).

In this study, we investigated behavioral interactions among a di-
verse guild of Afrotropical frugivores to evaluate the presence of domi-
nance hierarchies and the relationships among body mass and frugivore
taxonomic affinity. Our specific objectives were to: (1) describe the tax-
onomic diversity of the frugivore guild; (2) characterize the dominance
hierarchies that may exist across different species of vertebrates foraging
in fruiting tree; (3) describe the relationships among body mass, taxo-
nomic affinity, and levels of aggression; and (4) discuss ecological and
conservation consequences of the dominance relationships found.



TABLE 1. Tree species, number, and hours observed for animal activity during the

study.
Family Species No. of trees Hours observed
Anacardiaceae Lannea (welwitschii) 2 60:00
Annonaceae Cleistopholis glauca 4 374:23
Apocynaceae Rawwolfia macrophylla 2 84:46
Arecaceae Elaeis guineensis 1 89:06
Burseraceae Dacyrodes edulis 2 139:41
Canarium schweinfurthii 2 208:02
Combretaceae Preleopsis hylodendron 1 8:30
Euphorbiaceae Macaranga sp. 1 24:42
Uapaca cf. paludosa 1 38:37
Liliaceae Dracaena arborea 2 193:06
Meliaceae Guarea cedrata 1 54:07
Trichilia sp. 2 60:37
Moraceae Ficus sp. 2 30:07
Myristicaceae Staudtia kamerunensis 1 75:50
Pycnanthus angolensis 4 280:28
Rhamnaceae Maesopsis eminii 4 203:50
Sapindaceae Blighia welwitschii 5 116:33
Sterculiaceae Eribroma oblongum 1 15:41
Total 18 38 2058:06
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MATERIALS AND METHODS

Data were collected in a 25-km? study area surrounding the Bouamir
Research Station (3°11'N, 12°48”E) in the Dja Biosphere Reserve,
Cameroon over a 1-yr period from 1 January 1997 to 15 January 1998.
The Dja Biosphere Reserve comprises 526,000 ha of mature lowland
semideciduous tropical forest (Letouzey 1968) and still contains sizable
populations of large arboreal fruit-eating animals such as primates and
birds (Whitney & Smith 1998, Muchaal & Ngandjui 1999). Rainfall
is bimodal and totaled 1630 mm in 1997 (Whitney ez al. 1998), while
annual rainfall across years averaged 1600 mm (Laclavere 1980). Fruit
abundance fluctuates seasonally, with strong evidence of resource limita-
tion during the two dry seasons (Whitney & Smith 1998).

Thirty-eight trees from 18 species (Table 1) were observed for 2058 h
to record dominance interactions between foraging vertebrates. Nineteen
species of birds and mammals were observed (Table 2). A dominance
interaction was defined as any interaction that elicited a retreat from
the resource by one of the animals (Popp ez al. 1990), regardless of the
intensity of the interaction (Drews 1993). In this study, an individual
was classified as subordinate if it was forced by the interaction to leave
the tree in which it was foraging.

Trees were selected for study if: (1) frugivores were observed forag-
ing in them, or (2) they had a ripe crop of fruits known or suspected
to be attractive to arboreal frugivores. Tree watches were conducted be-
tween 06001100 hours and 1500-1800 hours to correspond with peak

TABLE 2. Species included in cross-taxonomic dominance hierarchies. Estimates of mean body mass were obtained from the literature (Brown et al. 1982, Kingdon 1997). For species

Sfor which no published mass data were found, unpublished data from Thomas B. Smith were used. All mass estimates were log transformed prior to analysis.

Family Common name Species Mass (g)
Mammals Cercopithecidae (1) Gray-checked mangabey Lophocebus albigena 7500
(2) Putty-nosed monkey Cercopithecus nictitans 7350
(3) Crowned monkey Cercopithecus pogonias 3800
(4) Moustached monkey Cercopithecus cephus 3500
Sciuridae (5) Red-legged sun squirrel Heliosciurus rufobrachium 325
(6) Rope squirrel Funisciurus sp. 230
Birds Accipitridae (7) Harrier hawk Polyboroides radiatus 725
Dsittacidae (8) African gray parrot DPsittacus erithacus 400
Musophagidae (9) Great-blue tauraco Corythaeola cristata 1000
Bucerotidae (10) Black-casqued hornbill Ceratogymna atrata 1250
(11) White-thighed hornbill Ceratogymna cylindricus 1150
(12) Piping hornbill Ceratogymna fistulator 450
(13) White-crested hornbill Tockus albocristatus 300
(14) African pied hornbill Tockus fasciatus 270
Estrildidae (15) Pale-fronted Negrofinch Nigrita luteifrons 12
Sturnidae (16) Purple glossy starling Lamprorornis purpureus 100
(17) Narrow-tailed starling Poeoptera lugubris 80
Oriolidae (18) Black-winged oriole Oriolus nigripennis 180
Dicruridae (19) Fork-tailed Drongo Dicrurus adsimilis 190
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periods of animal foraging. Each tree was observed by an individual re-
searcher, with binoculars and spotting scopes, from previously established
blinds. The numbers of each animal species that were observed foraging
in each tree, and all inter- and intraspecific dominance interactions were
recorded onto microcassettes for later transcription. Behavioral scores and
all data collection were standardized among observers. Individuals were
trained by one of the authors (A. French). Training involved both trainer
and trainee scoring behavior simultaneously from a blind until consistent
scores were obtained, averaging 18 h. During these tree watches, the num-
ber of fruits eaten by the focal animal was recorded, as well as the amount
of time that the animal spent in the tree. We recorded if the animal left
the tree of its own accord, or was chased by another animal.

Interaction matrices were created from the observed dominance
interactions and analyzed to determine the presence of a linear dom-
inance hierarchy (Appleby 1983) with the program MatMan (Noldus
Information Technology 1998). The methods used by this program were
developed to analyze experimental intraspecific frequency matrices, but
the assumptions remain consistent with the interspecific nature of the
current study (de Vries ez al. 1993).

The Directional Consistency (DC) index function was used within
the program MatMan to calculate the presence and direction of a hier-
archy, in which:

_(H-D)

be=T+1

where H is the total number of times a behavior was performed in
the more frequent direction within each interaction, and L equals the
number of times the behavior occurred in the less frequent direction. The
DC index ranges from 0 (complete equality between individuals) to 1
(complete linearity, z.e., a perfect hierarchy) (van Hoof & Wensing 1987).
Thus, the DC index simply examines the integrity of the aggressive
interactions within each tree. A two-tailed Kendall’s 7-statistic was used
for all rank correlations because it is robust for small N, x? tests were
used to test for size-relevant patterns in our frequency matrices, and
t-tests were used to test for foraging differences between animals involved
in aggressive interactions and animals that foraged alone (Sokal & Rohlf
1981).

To explore possible ecological effects of these observed dominance
hierarchies, we tested whether dominance hierarchies might influence
the number of fruits removed from the parent tree. We compared the
dominance rank of each frugivore with the number of seeds removed
by each vertebrate species, and the time each frugivore spent feeding.
Standard statistical analyses were performed with SPSS 8.0.

RESULTS

For each of 18 tree species, the number of foraging frugivores ranged
from between two and 15 species. A total of 19 species from ten fam-
ilies of birds and mammals were observed participating in dominance
interactions (Table 2). These feeding assemblages included such diverse
animals as cercopithecine monkeys and estrildid finches. There was a
positive correlation between the number of animal species foraging and
the number observed in interspecific interactions at each tree species
(Kendall’s T = 0.769, P < 0.01).

Analyzing the interaction matrices for the presence of a hierarchy re-
vealed strong evidence for linear dominance hierarchies, as well as strong
congruence between frugivore mass and dominance rank (Fig. 1). Direc-
tional Consistency values, used to determine the presence of a linear dom-
inance hierarchy, were DC = 1.0 for 17 of the 18 tree species (94.4%).
For the remaining species, Pycnanthus angolensis (Myristicaceae), DC =
0.778, indicating the presence of a dominance hierarchy with a few re-
verse interactions. Correlation statistics were performed for the six tree
species with foraging assemblages of greater than five animal species.
Kendall’s 7 correlations between the mass of each animal species and
its dominance rank at each tree species were highly significant (Fig. 1),
with five of the six correlations significant at P < 0.01. In addition,
dominance interactions were not distributed randomly throughout the
matrices, but were directed significantly more often at species of similar
mass (x2 = 22.34, P < 0.001) (Fig. 2).

Dominance hierarchies created from these interaction matrices were
concordant among all tree species, and the dominance relationships be-
tween animal species remained strong, as measured by the Directional
Consistency index, even when observations were pooled across all ob-
served trees (DC = 0.801, N = 363). This suggests that a consistent
community-wide pattern in dominance hierarchies was evident irrespec-
tive of tree species.

Dominance ranks tended to be consistent across tree species. For
example, ranks (lowest to highest) were often: smaller birds, squirrels,
parrots, hornbills, monkeys. We found significant correlations between
a species’ dominance rank and both the number of fruits eaten per visit
and the time spent foraging at each tree (Fig. 3). Furthermore, the time
each animal of a given species spent foraging in a particular tree was
significantly shorter when displaced by another frugivore (r+ = 2.97,
P < 0.01). Thus, observed dominance hierarchies had a direct effect on
the number of fruits a given animal removed from each tree.

DISCUSSION

Results suggest dominance hierarchies are governed by frugivore mass
irrespective of taxonomic affiliation. Across all 18 tree species examined,
frugivore mass was highly correlated with dominance rank and showed a
consistent pattern of rank regardless of which species (bird or mammal)
were found foraging in a particular tree. In all instances, individuals
were significantly more aggressive toward species of similar mass. If two
species of squirrel and one species of bird were found foraging in a given
tree, the larger species of squirrel was more likely to chase the bird of
similar, but slightly smaller, mass than another much smaller species of
squirrel. While a detailed examination of the foraging techniques of birds
and primates was beyond the scope of this study, one might nevertheless
expect differences in foraging mode leading to performance differences
on particular fruits to also be potentially important in determining rank.
For example, foraging efficiencies on fruits that are swallowed by horn-
bills, but must be chewed by primates, could potentially determine the
desirability of a given fruit. However, we found body mass to be the
main factor regardless of the fact that squirrels use their paws and teeth
to pluck the fruits off the limbs and birds use their beaks.

Similarly, one might expect opportunistic frugivores, which depend
on foods other than fruit, to interact differently than obligate frugivores.



Body Size and Dominance in Tropical Frugivores 99

Legend |
Cercopithecidae =
Scuridae =

Accipitridae =

Psittacidae =
Musophagidae =
Bucerotidae =

Estrildidae =

Dominance Rank

Sturnidae =
Oriolidae =

Dicruridae =

AOOG Ve xr)po

3-2-101 2
Mass (In-kg)

-3-2-10

2

FIGURE 1. Correlations between frugivore dominance rank and mass at six tropical tree species. Numbers refer to individual vertebrate species and are listed in Table 2.

High Directional Consistency (DC) index values indicate the presence of a directional dominance hierarchy between frugivore species at given tree species, while correlations

demonstrate the relationship between species mass and dominance rank. Tree species, DC values, and correlations are, respectively: (a) Blighia welwitschii (Sapindaceae). DC =
1, N =26. Kendall's t = 1.00, N =11, P < 0.001. (b) Canarium schweinfurthii (Burseraceae). DC = 1, N = 29. Kendall's t = 1.00, N =7, P < 0.01. (c) Elacis guineensis
(Arecaceae). DC = 1, N = 26. Kendall’s = 0.889, N = 8, P < 0.01. (d) Cleistopholis glauca (Annonaceae). DC = 1, N = 16. Kendall’s t = 1.00, N =6, P < 0.001. (¢)
Pycnanthus angolensis (Myristicaceae). DC = 0.778, N = 21. Kendall’s 7 = 0.810, N =7, P < 0.05. (f) Maesopsis eminii (Rhamnaceae). DC = 1, N = 25. Kendalls T =

0.704, N =19, P < 0.01. Tree species with frugivore assemblages of less than five species (/V = 12) are not shown but demonstrate the same dominance pattern. Gray symbols

are mammals and black symbols are birds.

While fruit constitutes the majority of the diet for most of the animals
studied (Whitney ez /. 1998, Emmons e 2. 1983, Graham et al. 1995),
opportunistic frugivores, such as the largely granivorous estrildid finch
Nigrita luteifrons and the omnivorous and sometimes predatory hawk
Polyboroides radiatus, showed a dominance pattern consistent with that
predicted from their body mass. This suggests that mass, rather than
diet specialization, is more important in influencing the outcome of
dominance interactions.

The extent to which interspecific interference competition may be
driving the behavioral interactions here are difficult to address because
we have no measure of fruit availability and whether it was limiting.
Nevertheless, we believe the pattern of social hierarchy revealed here
is robust and likely influences feeding efficiency. First, the dominance
interactions were measured in such a way as to be conservative. Two
criteria were used to determine which frugivores were to be included
in the study: (1) if they had already been seen to select a fruit, and
(2) if they were subsequently chased out of the tree. This excludes a

vast majority of other possible situations—i.e., an animal was about to
eat, and then was chased out, or was not even able to enter the tree
because other dominant individuals were there. Secondly, ripe fruit in
tropical trees is an ephemeral resource, and a given tree typically only
ripens a select number of fruit each day. The frugivores that are ejected
from the fruiting tree by a dominant animal have, therefore, been denied
the opportunity to select these fruits as they ripen. Daily and Ehrlich
(1994) similarly concluded that even though resources were not limiting
for their frugivorous study population, social dominance still improved
overall foraging efficiency by ensuring prompt access to the “best” ripe
fruit.

More speculative is the possible influence that dominance hierar-
chies could theoretically play in seed dispersal and forest regeneration.
Over 80 percent of the tree species in this region of Central Africa
depend upon animals as dispersal agents (Sonke 1998). Deforestation,
combined with intense hunting pressures on large frugivores (Hannah
et al. 1994), has led to dramatic declines and losses of large vertebrates
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FIGURE 2. Frequency histogram of dominance interactions with the interaction
frequency as a function of rank difference between species pairs. Over 70 percent of
interactions were between species pairs of similar mass, with a mass rank difference =
1. Dominance interactions were observed between species pairs of all mass rank
differences, indicating that even disparately sized species are involved in competitive

interactions.

in many rainforest regions (Bodmer ez al. 1997). Because the number
of seeds removed from a plant is a key component of seed dispersal
(Schupp 1993), and a limiting factor in determining tropical tree diver-
sity (Hubbell ez a/. 1999), understanding the various processes that affect
seed dispersal in the tropics is of paramount importance. Though our
results do not address the issue of seed dispersal and forest structure di-
rectly, they suggest that the quantity of fruit eaten and taken away from
a given tree is probably correlated with species body mass and domi-
nance hierarchy in that tree. Alterations to social hierarchies caused by
population declines or extirpations of species could, at least theoretically,
influence patterns of seed rain, and ultimately forest structure. Frugi-
vore assemblages in the Dja Reserve are similar in both the number and
diversity of species to those reported for rainforest trees in the Neotrop-
ics (Howe 1982) and Southeast Asia (Hamann & Curio 1999). Given
that 62-93 percent of tropical tree species are dispersed by vertebrates
(Jordano 1992), this study suggests cross-taxonomic dominance hierar-
chies, and their impacts on seed dispersal are an important area of inquiry
in other tropical regions.
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