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The Finding of an Inverse Relationship between Social Dominance and 
Feeding Priority among Pairs of Unfamiliar Adult Male 
Vervet Monkeys (Cercopithecus aethiops sabaeus) 

MELISSA S. GERALD 
National Institutes of Health 

ABSTRACT. Dominance is often presumed to confer priority of access to resources. This study evalu- 
ated the relationship between two assessments of dominance: (1) social dominance, based on agonistic 
interactions and (2) feeding priority among pairs of unfamiliar adult vervet monkeys (Cercopithecus 
aethiops sabaeus) differing in scrotal colour, but matched for height, weight and testicular volume, during 
paired introduction experiments. Results of this investigation showed that neither size differences nor 
scrotal colour were predictive of feeding priority, and social dominance was inversely related to feeding 
priority. This finding demonstrates that different assessments of dominance can yield different outcomes 
even within the same primate taxon. I propose that male dominance rank may best predict access to 
resources when there is direct contest competition over a resource, which is not immediately exhaustible, 
whereas highly impulsive low ranking males may gain a competitive edge in scramble competitions for 
ephemeral and small resources. 
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INTRODUCTION 

The subject of how to define and measure dominance ffas received tremendous attention and 
controversy in the primate behaviour literature (ROWELL, 1974; NOE et al., 1980; BERNSTEIN, 
! 981; FEDIGAN, 1982). In general, status implies an asymmetrical relationship between individ- 
uals and dominance relationships are typically inferred from the outcome of  agonistic interac- 
tions. Researchers often use different contexts and behavioural measures to identify dominance 
relationships. It is not always clear whether these differences yield comparable dominance out- 
comes in all primates (ROEDER & FORNASIERI, 1995) or even for the same primate taxon (No 
et al., 1980). The present study investigated the relationship between dominance as assessed by 
(1) agonism during introductions and (2) priority of  access to resources among pairs of unfamil- 
iar adult male vervet monkeys (Cercopithecus aethiops sabaeus). 

As previous studies suggested that body size might be related to social status and dominance 
in primates (ROWELL, 1988; MENDOZA, 1993; BERCOVITCH, 1996) and recent experimental evi- 
dence revealed a relationship between scrotal colour and social dominance in vervet monkeys 
(GERALD, 2001 ), I also examined size differences and the effect of  scrotal colour on feeding pri- 
ority. 

MATERIAL AND METHODS 

STUDY POPULATION AND SUBJECTS 

The subjects were 106 adult male vervet monkeys from the captive population at the 
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Barbados Primate Research Center and Wildlife Reserve (BPRC and WR) in St. Peter 
Barbados. Subjects from the BPRC and WR were passively trapped from the free-ranging pop- 
ulation on the island of Barbados. They resided at the BPRC and WR for at least one month 
prior to participating in experiments. 

Experiments involved introducing 53 pairs of putative strangers (subjects in a pair were from 
remote parishes) to eliminate effects of prior social interactions and relationships. Pairs were 
closely matched for height, weight and testicular volume, but differing in scrotal colour, as this 
study was part of a larger investigation aimed at examining the signal function of scrotal colour. 
Experiments herein described included the following three combinations: two Pale males (N= 19 
pairs), one Pale male and one Dark male (N=22 pairs), and two Dark males (N= 12 pairs) for a 
total of 60 Pale males and 46 Dark males. Subjects were tested once. 

EXPERIMENTS 

Introduction experiments were scheduled for 90 min and terminated prematurely if animals 
presented a threat to each other. Previous introduction experiments in primates suggest that the 
dominance relationships established in this length of time can persist over a long period of time 
(MENDOZA, 1993). Details of experimental procedures and methods of body measurements are 
described extensively elsewhere (GERALD, 2001). To increase subject motivation during the 
feeding priority experiments, subjects were offered a small fresh apple or orange 30 min to 1 hr 
prior to the introduction experiments. This amounted to only a fraction of their daily breakfast, 
as animals are usually fed a cup of grains. 

Among pairs, a Test male and a Stimulus male were designated prior to the introduction. 
Agonistic interactions that the Test male directed, received and mutually engaged in with the 
Stimulus male were recorded using continuous recording methods (ALTMANN, 1974). Social 
dominance within pairs was identified for each of the 53 pairs, as identified by the direction and 
frequency of the following agonistic behaviours: submission, avoidance (RALEIGH & McGUIRE, 
1989) and supplantation (ROWELL, 1971). For each pair, I added the number of times each male 
submitted, avoided and supplanted the other male. As agonistic interactions were never unidi- 
rectional, the "dominant" male was defined as the male who submitted and avoided the other 
male less often and/or supplanted the other male more often. 

Immediately following the introduction experiments, when pair members were equidistant 
from the cage center, I placed one quarter of a large fresh orange or one half of a small fresh 
orange between the animals. A winner (i.e. the animal with feeding priority) was declared 
when a monkey took and ate the fruit. Once the fruit was consumed, I repeated this procedure 
once more. If after 10 min, neither animal ate the fruit, no winner was identified. 

SCROTAL COLOUR 

The scrotal colour of subjects was defined by comparing the colour found on the midpoint of 
the lower midsection of the scrotum with colours found on the Pantone ® Process Imaging 
Guide 1000 (Caristadt, NJ, 2nd printing, 1992). As components of scrotal colour vary continu- 
ously in vervet monkeys and rarely is colour homogeneous (GERALD et al., 2001), colour was 
assigned when the author and research assistant reached agreement. To simplify, colour charac- 
terization, I used the dichotomous colour categories of 'Pale' and 'Dark,' defined by the relative 
darkness, also known as the colour value. The constructs, Pale and Dark, were based on the 
BPRC and WR population measures of lightness, as yielded from Adobe PhotoShop 4.10, a 
colour system built on the Pantone ® Matching System. Lightness (L) ranges from 0 (black) to 
100 (white). Dark males were those below the mean (L < 91) and males above the mean were 
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defined as "Pale" (L > 92), Those pairs who were composed of males of the same colour (Pale- 
Pale and Dark-Dark) were on average within 1.5 lightness values of  each other, whereas pairs of  
males differing in colour (Pale-Dark) differed on average by 7.8 lightness values. 

DATA ANALYSES 

Binomial proportion tests, with the significance level set at p<0.05, assessed relationships 
between size, scrotal colour, social dominance and feeding priority. Analyses were performed 
via SPSS 8.0 (Chicago, IL, 1998). 

RESULTS 

Among subjects in this study, Pale (N=60) and Dark (N=46) males did not statistically differ 
in weight (Mann Whitney, U= 1133.5, p--0.219) or height (U= 120.5, p=0.097) and Dark males 
displayed larger testicular volumes (U=938.0, p=0.005) than Pale males (Table 1). As reported 
elsewhere (GERALD, 2001), Dark males socially dominated Pale males (N=22 pairs, p=0.017). 

A winner was declared for 53 of 53 trials in the first feeding priority trial, and for 51 of the 
53 trials in the second feeding priority trial. Males who obtained the fruit slice in the first feed- 
ing priority trial were also significantly more likely to secure the fruit slice in the second trial 
(N=51, r=0.504, p=0.001).  

Despite efforts to eliminate size asymmetry, individuals within a pair differed in size (mean 
difference: weight=0.57 kg, height=2.05 cm, and testicular volume=75.55 cc). As shown in 
Table 2, similar to results previously reported for social dominance (GERALD, 2001), neither 
weight, height, nor testicular volume were predictive of feeding priority in either Trial 1 
(weight: N=53, p= l .00 ;  height: N=53, p=0.583; testicular volume: N=53, p= l .00 )  or Trial 2 
(weight: N=51, p=0.575; height: N=51, p=0.263; testicular volume: N=51, p=0.401). Though 
Dark males were socially dominant to Pale males, Dark males did not have feeding priority of 

Table 1. Colour and body size measures. 

Body measures Pale Dark 
N 60 46 
Mean weight (kg) 5.53 5.77 
SE 0.0691 0.1136 
Mean height (cm) 40.45 41.13 
SE 0.2468 0.3018 
Mean testicular volume (cc) 262.88 312.82 
SE 10.53 16.62 

Table 2. The relationships between weight, height, testicular volume, scrotal colour, social status, and 
feeding priority in Trial 1 and Trial 2. 

Trial 1 Trial 2 
% achieves Binomial % achieves Binomial 
Feeding priolity test Feeding p~fofity test 

Weight Lighter 27/53 (51%) p= 1.000 Heavier 28/51 (55%) p=0.575 
Height Shorter 29/53 (55%) p=0.583 Taller 30/51 (59%) p=0.263 
Testicular volume Smaller 27/53 (51%) p=1.000 Larger 29/51 (57%) p=0.401 
Scrotal colour Pale 15/22 (68%) p=0.134 Pale 14/20 (70%) p=0.115 
Social s ta tus  Subordinate 40/53 (75%) p=0.001 Subordinate 42/52 (81%) p=0.001 
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access to the fruit slices in either Trial 1 (N= 15 of 22 trials, p=0.134) or Trial 2 (N= 14 of 20 tri- 
als, p=0.115). 

The next set of analyses examined the hypothesized association between social dominance 
and feeding priority. As revealed in Table 2, socially subordinate males were significantly more 
likely to monopolize the fruit slice in both Trial 1 (N=40 of 53 trials, p=0.001) and Trial 2 
(N=42 of 51 trials, p=0.001). 

DISCUSSION 

Results experimentally demonstrated that neither body size nor scrotal colour contributed to 
feeding priority outcome. The principal, and perhaps surprising result of this study was that 
social dominance is inversely predictive of feeding priority. While feeding priority outcomes 
may be inversely related to social dominance relationships, asymmetries in potential resource 
holding power (RHP: MAYNARO SM1TH, 1982; PARKER, 1974) in traits other than body size, such 
as strength, may explain these results. Nevertheless, for the present study it is impossible to 
evaluate for sure which characteristics of RHP can account for these findings. Furthermore, it 
is not possible at this time to identify what assessment signals or information the monkeys may 
possess about each other's capabilities. 

It also can be argued that differential access to resources can result from differences in moti- 
vation or need (i.e. BERNSTEIN, 1981). It appears unlikely that the present results reflect pay-off 
differences between the males, given that subjects were offered only part of their normal break- 
fast prior to introductions and were presumably equally motivated to eat. Moreover, there is no 
a pr ior i  reason to propose that males of low social dominance should be more motivated to eat. 

How might these findings apply to populations of wild vervet monkeys? Despite the artifi- 
cial introduction of adult males in these experiments, wild vervet monkey males have an oppor- 
tunity to interact with unfamiliar animals in two contexts. First, during intergroup encounters 
vervet monkeys often associate with unfamiliar individuals (CHENEV, 1981). Second, males can 
interact with individuals from neighboring social groups during the process of dispersal from 
natal groups and, thereafter, when transferring to other groups (CHENEY & SEY~ARTH, 1983). 

WRANGHAM (1981) found an association between dominance and drinking priority in wild 
vervet monkeys so the possibility that dominant males, on average, gain greater access to food 
resources in free-ranging populations cannot be dismissed categorically. In the present investi- 
gation, unfamiliar males of relatively the same size, scrotal colour and age were introduced 
thereby allowing for an assessment of basic rank. These experiments cannot offer the "depen- 
dent rank" of individuals, however, and dominance outcomes of these experiments could differ 
under long-term social group conditions, or under the influence of kinship (KAWAI, 1965). 

Furthermore, it may be premature to generalize the finding of an inverse relationship 
between social dominance and feeding priority to other primates. For example, while no publi- 
cations to the best of my knowledge have described a direct comparison between these domi- 
nance relationships during paired introductions, the relationship between these two dominance 
assessments is typically consistent in Japanese macaques (IHOBE, pers. comm.). Perhaps this 
difference between vervet monkeys and Japanese macaques is not surprising. Vervet monkeys 
and Japanese macaques differ in the means by which they engage in dominance interactions. 
Japanese macaques frequently supplant competitors to gain access to resources in both captive 
and wild populations (SOLTIS, pers. comm.), whereas for vervet monkeys, supplantations play 
but a minor role. By contrast, wild vervet monkeys typically "take turns" when at watering 
holes, as do captive vervets, when drinking water from spigots or when eating chow 
(WRANGHAM, 1981; FAIRBANKS, pers. obs., GERALD, pers. obs.). For vervet monkeys, Feeding 
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priority experiments may invite a scramble competition, where resources are acquired on a first 
come first serve basis. Indeed, during the Feeding priority experiments, monkeys did not dis- 
place each other to obtain the orange slice; rather, the winner was the male who quickly took 
and ate the orange slice. 

A non-contradictory mechanism for these findings derives from neuro-endocrine evidence, 
which suggests that relative to males of higher dominance rank, monkeys of low status may 
exhibit lower concentrations of CSF 5-hydroxyindoleacetic acid (CSF 5-HIAA), the primary 
serotonin metabolite (see HIGLEY et al., 1996). Impaired serotonergic function has been also 
linked to impulsivity (HIGL~Y et al., 1996; FAmBANKS et al., 1999). Clearly, the function of CSF 
5-HIAA for Japanese macaques and vervet monkeys would be expected to be the same. 
Nevertheless, given the infrequent occurrence of supplantations in the behavioural repertoire of 
vervet monkeys, low ranking vervet males could possibly gain food rewards under risky condi- 
tions from exploiting their impulsive tendencies. 

I propose to consider the acquisition and consumption of resources on a temporal continuum. 
Male dominance rank may best predict access to resources when there is direct contest competi- 
tion over a resource, which is not immediately exhaustible (e.g. a shady location or a prime spot 
in a tree surrounded by fruit). Male dominance rank may not predict access to resources when 
there is scramble competition for an ephemeral and small resource (e.g. a suddenly appearing 
invertebrate or the slice of  fruit provided in these present experiments). In the latter case, the 
first come first serve rule may overpower any advantage that dominant males have in a direct 
contest between individuals. There is no reason to suspect that a past relationship between indi- 
viduals (dominance) or differences in opponents' power (RHP) should affect the acquisition of 
ephemeral resources, whereas quick and impulsive tendencies might. The high impulsivity of  
low ranking males (with low concentrations of CSF 5-HIAA) may give them a competitive 
edge in such scramble competitions, even though in many other contexts, high ranking males 
gain priority of  resources through direct contests. 

While the data here cannot readily offer a mechanism to account for the findings, they do 
underscore the potential distinction between dominance measures based on agonistic interac- 
tions and those based on measures of priority of access to resources. This result should serve as 
a reminder that differences in dominance relationships may be yielded from different behav- 
ioural contexts and operational definitions of  dominance. 
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