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Relations Between Captive and 
Noncaptive Weights in 
Anthropoid Primates 
Steven R. Leigh 

Department of Anatomical Sciences, SUNY, Stony Brook, New York 

This study explores the relations between captive and noncaptive (literature-re- 
ported wild) adult weights in 53 anthropoid primate species. Based on recent 
studies of variation in growth among wild populations, it is expected that captive 
and wild weights are highly correlated. In addition, the lack of a relation between 
species size and captive and wild weights is anticipated. Differences between wild 
and captive weights are investigated. Correlations between captive and wild 
weights are high. Within groups of closely related species, correlations can be 
expected to average r = .95 for both males and females. At low taxonomic levels 
(within genera), correlations are not generally as high. However, captive and 
noncaptive intrageneric correlations are comparable to intrageneric correlations 
based solely on wild weights reported by different literature sources. Size appears 
to be unrelated to differences in captive and wild weights. Species that appear to 
be at elevated risk of obesity are identified. This analysis finds that deviations 
between captive and wild weights are positively related to growth duration (mea- 
sured for captive primates). This finding implies that, in long-growing species, 
wild weights may underestimate asymptotic size. Hypotheses explaining this phe- 
nomenon are developed. In general, extensive overlap in weight between samples 
of captive and wild primates is documented. 0 1994 Wiley-Liss, Inc. 

Key words: body size, monkeys and apes, growth 

INTRODUCTION 

Individual body weight is a rough and easily accessible indicator of the overall 
health of captive animals. Furthermore, weight is often an important consideration in 
delivery of anaesthesia and in formulation of general management (e.g., nutritional or 
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reproductive) plans. Although the importance of monitoring weight in captive ani- 
mals is obvious, relatively little is known about how weights in captive animals 
compare to weights in noncaptive or wild animals. Such a comparison could lead to 
more adequate management practices by targeting species that appear to be at risk 
(relative to noncaptive conspecifics) of either obesity or low weight. In addition, this 
type of analysis may prove valuable in assessing whether or not evolutionary infer- 
ences can be based on data derived from captive animals. Information about the utility 
of captive animals in evolutionary studies may be particularly useful given dim 
prospects for conservation of many primate species, Consequently, the present study 
examines the relations between captive and noncaptive (wild) body weights in 53 
species of anthropoid primates. 

Body weight, as an approximator of species size, is important in evolutionary 
studies for a number of reasons. The primary importance of weight is that it offers an 
accurate measure of mass [Jungers, 19851. This is critical because mass is a variable 
that is inextricably linked to nearly all aspects of an organism’s biology 
[Schmidt-Nielsen, 19841. Many studies of organismal biology, including functional, 
ecological, clinical, and evolutionary studies, must in some way account for effects 
of mass. 

The relations between captive and noncaptive weights in anthropoid primates 
are poorly known. Recently, however, a number of analyses have evaluated the 
effects of nutritional regimes on growth in captive and noncaptive primate species 
[e.g., Moses et al., 1992; Strum, 19911. In a study of body weight growth in Papio 
anubis (olive baboon, [cf. Papio hamadryas anubis]), Strum finds body weight 
growth differences among three groups of baboons: captive corral-raised animals 
(Southwest Foundation), garbage-foraging wild baboons, and naturally foraging wild 
baboons near Gilgil, Kenya. Strum’s results indicate that nutritionally enhanced 
baboons (captive and garbage-foraging) grow faster and reach slightly larger adult 
size earlier than naturally foraging baboons. Despite differences in growth, one of 
Strum’s major findings is that “a dichotomy between captive and noncaptive is overly 
simplistic. Conditions for growth in the wild can overlap those of captivity” [1991: 
2291. Consequently, Strum’s analysis and data summarized by Strum [ 1991:Table 
VII] would appear to suggest that differences in degree rather than kind characterize 
the variation between captive and wild conditions. 

Other analyses of baboons reach conclusions that are similar to Strum’s [ 19911. 
Specifically, comparison of growth in garbage-foraging baboons and in wild-feeding 
baboons (Papio cynocephalus [cf. Papio hamadryas cynocephalus]), by Moses et al. 
[1992], produces findings that are consistent with those of Strum 119911. Sigg et al. 
[ 19821 supply comparable results for Papio hamadryas hamadryas (Hamadryas ba- 
boons), although their data (for both captive and noncaptive groups) are much more 
limited than those of Moses et al. [1992] and Strum [1991]. 

Analyses comparing captive and noncaptive adult size in other species suggest 
the lack of major differences between these groups. Cheverud and Moore [1990:5] 
indicate that “minor morphological differences” characterize adult cranial dimen- 
sions in noncaptive and captive saddle-back tamarins (Saguinus fuscicollis). King and 
Schneiderman [ 19911 and Schneiderman [ 19921 summarize comparisons of cranio- 
facial skeletal differences between laboratory-raised and free-ranging provisioned 
rhesus monkeys (Macaca mufatta). They find no substantial ontogenetic differences 
between the two groups. Gautier-Hion and Gautier [ 19761 suggest that captive-raised 
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West African forest monkeys (Cercocebus [mangabeys], Miopithecus talapoin [tal- 
apoin monkey], and several Cercopithecus [guenon] species) tend to be heavier than 
wild-caught conspecifics. However, the differences in size between wild-caught and 
captive-raised vary by species and, given the small sample sizes in each group, could 
reflect individual variation in weight. 

These analyses suggest that, in general, captive animals can be expected to be 
larger than noncaptive conspecifics. Although this general pattern may be anticipated, 
it is possible that this is not a uniform finding. Previous investigations, particularly 
Strum’s [ 19911 analysis, do show differences between populations within a noncap- 
tive species. However, dramatic and consistent differences between wild and captive 
circumstances are not observed because conditions experienced in the “wild” are 
highly variable. Responses of animals to their environments fall within a continuum 
that includes both captive and wild circumstances. Therefore, weights derived from 
noncaptive animals can be expected to be highly correlated with weights from captive 
animals. 

The present study attempts to assess the relations between wild and captive 
weights in anthropoid primates. Three general expectations are evaluated. First, this 
analysis anticipates (based on research summarized above) that captive and noncap- 
tive weights are highly correlated. Second, the effects of size on the relation between 
captive and wild weights are explored. It is expected that, as species size increases, 
captive weights stay proportional to wild weights. In other words, larger captive 
species are not disproportionately larger, relative to wild conspecifics, than small 
captive species. Third, the relations between differences in captive and noncaptive 
weights and growth duration in captive species [Leigh, 1992bj are explored. It is 
hypothesized that species with longer growth periods will show larger departures 
from expectations based on wild weights than species with short growth periods. It 
can be suggested that this pattern reflects a tendency for species averages that are 
based on wild weights to include animals measured prior to attainment of asymptotic 
weight. 

The comparability between wild weights and captive weights is assessed with 
two techniques. First, correlations between captive and noncaptive samples are esti- 
mated. These correlations are calculated at a variety of taxonomic levels, which limits 
the effects of correlations calculated over extreme size ranges [Smith, 1981a,b]. For 
example, correlations estimated for a sample that includes Cebuella pygmaea (pygmy 
marmosets) at 160 g to male Gorilla gorilla (gorillas) at -160,000 g would be 
expected to be very high. Correlations calculated within groups of closely related 
species may also help control for taxonomic effects in the data [see Cheverud et al., 
19851. 

Second, regression analyses are undertaken in order to describe the relations 
between captive and noncaptive weights in primates. These analyses characterize the 
nature of variation among captive and noncaptive weights and facilitate identification 
of species that appear to be at risk of excess or insufficient weight. In addition, 
regression analysis allows specification of effects of size on the relations between 
captive and wild weights. Thus it is possible to evaluate the hypothesis that weights 
in larger captive species depart more from noncaptive weights than do weights for 
small species. As with correlations, regressions are estimated at a number of different 
taxonomic levels, limiting scaling and taxonomic effects on estimates of regression 
parameters. 
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MATERIALS AND METHODS 
Materials 

Captive Weights. Measurements of body weight and chronological age were 
derived from veterinary records pertaining to captive primates housed at U.S. and 
European zoological parks and regional primate research centers. Data derived from 
a total of 53 species are analyzed (Table 1). The majority of data were obtained during 
routine physical examinations and tuberculosis tests. Information from animals re- 
quiring clinical attention (animals that suffered lacerations, fractures, or other trauma) 
was also included in the analysis, but only if the weight observation was recorded 
shortly after the incident of trauma. Weights from animals that were on experimental 
protocols likely to influence weight, and from pregnant, congenitally abnormal, 
dehydrated, or chronically ill animals were not utilized. 

Estimates of asymptotic weight (or adult mean weight) are based on information 
derived from studies of growth in anthropoid primates [Leigh, 1992a,b; Leigh and 
Shea, 19931. Specifically, species weight values are estimated by the average of all 
weight observations after age at growth cessation. This procedure cannot be followed 
for Pongo pygmaeus (orangutans, especially males) because weight growth in this 
species is likely indeterminate (i.e., does not cease-see Dahl et al., 1993; Fooden 
and Izor, 1983; Leigh, 1992a,b; Leigh and Shea, 19931. Consequently, “asymp- 
totic” weights for male orangutans are based on the average of weights after 15 years 
of age. For all other species, methods for estimation of age at growth cessation are 
given by Leigh [1992a,b]. Using weights after age at growth cessation ensures that 
juvenile weights are not analyzed. Because growth data are utilized, nearly all ani- 
mals investigated in this study are of known chronological age (accurate to the day of 
birth). Data from animals of unknown chronological age (wild-caught) were in- 
cluded, but only if weights were obtained from animals that had been in captivity for 
at least 10 years. In the case of great apes, weights from wild-caught animals were 
used only if individuals had been in captivity for at least 15 years. Animals were 
observed and photographed whenever possible. It should be noted that average or 
asymptotic species weights are occasionally based on small sample sizes. Finally, 
because of repeated observations on most of the animals, each animal can contribute 
more than one data point to the average for the species. This does not generally affect 
estimates of mean and variance, but complicates statistical assessment of the signif- 
icance of differences between groups. 

Noncaptive Weights. Data for wild animals were derived from literature 
sources, including Leutenegger and Cheverud [ 19821, Harvey and Clutton-Brock 
[1985], and Fleagle 119881. If weights reported by these different sources varied, 
weights given by each source were averaged. Consequently, some weights are com- 
posites of different sources. 

Several problems with the use of literature-reported weights should be explicitly 
discussed. Estimates of adult age in wild specimens are almost always based on 
developmental rather than chronological age. Unless data about growth, attainment of 
sexual maturity, or other markers of adulthood were available, wild individuals were 
probably considered adult if all permanent teeth were erupted. This may have been 
particularly true if weights were obtained on freshly shot specimens in which degree 
of epiphyseal fusion could not be ascertained. Age estimation based on dental erup- 
tion is problematic if attainment of asymptotic weight and completion of dental 
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TABLE 1. Species, plot abbreviation and wild and captive weights (in grams) for the species 
included in this study 

Plot Wild Captive 

Species abbreviation M F M F 
Cebuella pygmaea 
Calliihrix jacchus 
Saguinus fuscicollis 
Saguinus geoffroyi 
Saguinus imperaior 
Saguinus oedipus 
Leont. r. chrysomelas 
Leoni. r. rosalia 
Callimico goeldi 
Saimiri sciureus 
Cebus albifrons 
Cebus apella 
Aotus trivirgaius 
Callicebus moloch 
Pithecia pithecia 
Alouatta caraya 
Lngothrix lagoihrica 
Aieles geoffroyi 
Allenopithecus nigroviridis 
Erythrocebus patas 
Miopithecus ialapoin 
Cercopiihecus ascanius 
Cercopithecus aeihiops 
Cercopithecus miiis 
Cercopithecus neglectus 
Cercopiihecus nictiians 
Cercopiihecus pogonias 
Macaca arcioides 
Macaca fuscata 
Macaca mulatia 
Macaca nemesirina 
Macaca nigra 
Macaca radiaia 
Macaca silenus 
Macaca fascicularis 
Macaca cyclopis 
Cercocebus iorquatus aiys 
Papio cynocephalus 
Papio (Mandrillus) leucophaeus 
Papio (Mandrillus) sphinx 
Theropiihecus gelada 
Colobus guereza 
Presbytis crisiatus 
Presbytis obscurus 
Presbytis entellus 
Nasalis larvaius 
Pygathrix nemaeus 
Hylobaies lar 
Hylobates syndactylus 
Pongo pygmaeus 
Gorilla gorilla 
Pan paniscus 
Pan troglodytes 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11  
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 

147 
327 
441 
510 
400 
499 
550 
530 
640 
83 1 

2,930 
2,945 
1,020 
1,085 
1,565 
7,532 
7,785 
6,965 
6,900 
10,866 
1,390 
4,150 
5,066 
7,600 
6,630 
5,726 
4,500 
9,130 
12,710 
7,883 
10,003 
10,400 
6,440 
6,800 
5,190 
6,000 
9,312 
21,966 
18,500 
25,966 
19,750 
10,950 
7,326 
7,720 
18,750 
20,346 
10,900 
5,940 
10,913 
74,483 
162,700 
45.000 

140 
335 
370 
500 

523 

550 
530 
663 

2,410 
2,077 
950 
1,050 
1,229 
5,334 
5,770 
5,800 
3,100 
6,000 
1,110 
2,993 
3,333 
4,400 
4,206 
3,760 
3,000 
7,100 
9,140 
4,743 
6,710 
6,600 
4,1 I5 
5,OOO 
3,410 
4,945 
5,500 
12,850 
10,000 
11,333 
12,650 
8,645 
6,633 
6,066 
13,300 
9,846 
8,200 
5,303 
10,600 
37,143 
78,940 
33.200 

53 47.033 38.333 

163 
346 
410 
509 
530 
505 
730 
706 
617 
984 

3,068 
6,089 
977 

1,339 
1,529 
10,257 
9,373 
8,675 
7,943 
12,670 
1,626 
7,527 
5,268 
10,203 
10,719 
8,725 
7,721 
17,839 
16,270 
13,405 
14,462 
15,537 
10,556 
9,476 
7,864 
15,309 
12,074 
23,622 
32,906 
35,768 
27,133 
12,342 
6,935 
6,967 
19,633 
14,079 
10,523 
6,593 
12,214 
124,373 
155,662 
46,870 

156 
352 
419 
493 
525 
534 

659 
62 1 
668 

3,190 
1 ,000 
1,241 

5,539 

6,458 
4,660 
6,691 
1,234 

3,453 
5,593 
5,658 

12,150 
1 1,079 
8,376 
7,502 
8,877 
5,899 
5,800 
5,158 
11,250 
7,823 
14,343 
15,350 
16,495 

9,259 
6,275 
6,402 
13,497 

6,863 
6,043 
11,362 
60,901 
80,864 
33,936 

-~ 57,295 45,054 
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eruption are not synchronized. Extensive interspecific comparisons of the timing of 
asymptotic weight and completion of dental eruption have not been undertaken. 
However, several sources suggest that dental eruption is likely complete prior to 
attainment of asymptotic weight in monkeys and apes. Specifically, asynchrony 
between these variables is indicated by comparisons of body weight growth from van 
Wagenen and Catchpole [1956] with dental eruption data from Hurme and van Wa- 
genen [ 19611 in rhesus monkeys. Moreover, Watts [ 1985, 19861 demonstrates vari- 
ation in the timing of development of different skeletal systems in rhesus, chimpan- 
zees, and humans. Consequently, some noncaptive individuals may not have 
completed body weight growth even though they may have been dentally “adult.” 
This difficulty is likely to be most acute in species that grow for long periods of time 
and implies that estimates of wild weights are biased downward in these species. This 
possibility is investigated by regressing the difference between captive and wild 
weights (captive minus wild) against estimates of growth duration [Leigh, 1992bl. 

The accuracy of wild ages based on dental maturation is also questionable 
because observers may not usually make explicit their particular methods for evalu- 
ation of dental maturity. Most primary sources probably classify individuals as adult 
when the latest-erupting teeth reach the occlusal plane. However, some sources may 
rely on other criteria, such as gingival eruption (breaking the gum line) or some other 
criterion such as the presence of wear. Thus some bias may be introduced into the 
estimation of asymptotic weight of wild animals depending both upon how long 
various teeth take to erupt and upon the way in which adulthood is assessed. Still 
other sources may rely on completion of epiphyseal fusion as a criterion of adulthood. 
Epiphyseal fusion may bear a closer relation to asymptotic weight than dental erup- 
tion, but as Watts [1985] has noted, measures of maturity in primates may exhibit 
considerable independence. Unfortunately, the sources from which data were derived 
do not specify criteria for determination of adulthood. 

Other types of problems may characterize literature reported weights. Sample 
sizes are often small for noncaptive weights. In the few cases where sample sizes are 
published [e.g., Jungers and Susman, 1984 for apes; Markham and Groves, 1990, for 
orangutans], some species or subspecies weight estimates are based on only one 
specimen, leading to problems in obtaining accurate estimates of mean weight. Little 
is known of the specific contexts in which wild weights were obtained. For example, 
some observations may have been made on animals during droughts, others during 
unusually abundant periods. This information is typically not presented in either 
primary or secondary literature sources from which weights are available. Factors 
such as vagueness of field notes and uncertainty over whether or not carcasses were 
gutted prior to weight observation may also contribute to inaccuracy in the data [Ford 
and Cormccini, 1985; Markham and Groves, 19901. In sum, these complications 
suggest that noncaptive weights presented in this analysis should not be considered as 
ideals or optimal values for those interested in management of captive animals. 
Instead, these weights could be viewed as means of samples drawn from a larger 
statistical population. As such, they must be treated as observations that are subject 
to error, not as invariant or unbiased estimators of ideal species values on which 
management decisions should be based. 

Although potential problems with wild weights must be specified and evaluated, 
these data remain valuable sources of information. Generally, they offer insight into 
the biology of animals that cannot be obtained in the future. They may also be 
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particularly valuable in understanding intraspecific variation. Finally, the research 
question at hand may determine the value of either captive or wild weights. 

Methods 

Correlation and regression analyses of log-transformed species mean weights 
form the basis of this study. Pearson product-moment correlations are utilized to 
measure the magnitude of association between captive and wild weights [Sokal and 
Rolhf, 198 11. Strong positive associations are represented by correlations near 1 .O, 
zero reflects no correlation, whereas negative values indicate inverse associations 
between weight values. Correlation analyses are supplemented by comparisons of 
means (t-tests) between samples of captive and wild weights. 

Reduced major axis regression, a form of Model I1 regression [Sokal and Rohlf, 
19811 is used to characterize the relations between captive and noncaptive weights. 
This type of linear regression is more appropriate in the present study than ordinary 
least-squares (Model I) regression mainly because it accounts for measurement error 
in both the X (independent) and Y (dependent) variables [Sokal and Rohlf, 19811. In 
contrast, ordinary least-squares regression (Model I regression) assumes that there is 
no measurement error in the X (independent) variable. 

Regression analyses permit identification of species that exhibit aberrant weight 
values relative to other species within a sample. In this case, regressions within 
groups of closely related species are likely to be most valuable in pointing to species 
that display unusual captive-wild relations. Regression analyses also allow specifi- 
cation of the general relation between weights within a sample of species. An inter- 
cept value of zero combined with a slope of 1.0 suggests that an expectation of an 
isometric relation between captive and noncaptive weights is warranted. This result 
indicates a lack of a relation between wild and elevated (or depressed) captive 
weights. Finally, nonlinear regressions are used to investigate the relations between 
growth duration and differences between captive and wild weights. These are of a 
quadratic form: Y = a + b, * X + b, * X2, and are Model I regressions. 

As noted previously, all analyses are undertaken at various taxonomic levels, 
ranging from anthropoid-wide to within-genera, if possible. Whereas correlations and 
regression parameters that describe patterns within genera are biologically desirable, 
results at this level may be statistically unreliable. Consequently, inferences devel- 
oped in the present study must account for potential problems of sample size and 
composition. All statistical analyses are undertaken using Systat statistical software 
[Wilkinson, 19901. 

RESULTS 
Correlation Analyses 

Pearson product-moment correlations describing the strength of association be- 
tween captive and wild weights above the generic level are uniformly high (Table 2). 
The correlation across all anthropoids is high (r= .9878 for males; r =  .9903 for 
females). This spans a very large size range, and a high correlation can be expected, 
in part, for this reason. Superfamily correlations are perhaps more meaningful and 
range from r =  .9947 for female ceboids to r =  .9034 for male cercopithecoids. Cor- 
relations estimated within closely related groups generally fall between the bounds set 
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TABLE 2. Pearson product-moment correlation coefficients 
(with pairwise deletion) for the relation between captive and 
wild weights for anthropoid primates by sex 

Group 
Male correlation Female correlation 

(N) (N) 
Anthropoid ,9878 (53) ,9903 (43) 
Ceboidea ,9895 (18) ,9947 (13) 

Callitrichidae ,9485 (9) ,9889 (7) 
Cebidae .9458 (5) ,9980 (a) 
Atelidae ,8437 (3) ’ (2) 

Cercopithecoidea ,9043 (29) .9102 (24) 
Cercopithecinae ,9490 (23) ,9457 (19) 

Cercopithecinia ,9503 (9) .9749 (6) 
Cercopithecus ,7091 (6) ,9853 (3) 

Papioninib ,9236 (14) ,8688 (13) 
Macaca ,7376 (9) ,7266 (9) 

Colobinae ,9215 (6) ,9413 (5) 
Hominoidea ,9882 (6) ,9846 (6) 

“Includes Miopithecus, Erythrocebus, and Cercopithecus 
bIncludes Papio, Cercocebus, and Macaca 

by the superfamily correlations (with some exceptions). Overall, correlations are very 
high (Table 2). 

within the genera Cercopithecus and Macaca. Although these correlations are low, it 
is important to note that correlations among various literature reported noncaptive 
weights for these genera are also small (Table 3). Moreover, correlations comparing 
one source of wild weights with another suggest several correlations below those 
estimated for a comparison of captive and averaged wild weights. When correlations 
describing associations between captive and wild weights within Cercopithecus and 
Macaca are excluded, then the average correlation for all suprageneric correlations in 
Table 2 is r =  .9411 for males and r = .9608 for females. The averages of all corre- 
lations in Table 2 (i.e., those including Macaca and Cercopithecus) are r = .9076 for 
males and r =  .9424 for females. Thus correlations calculated above the generic level 
can be expected to be -.95. 

Comparisons of means (t-tests) corroborate correlational analyses. Of the 
groups presented in Table 2, only three exhibit significant differences in mean weight 
between captive and wild samples at the .05 level. These groups are: male Papionini 
(t = 2.46, p = .020), male Macaca (t = 3.62, p = .002), and female Macacu (t 
= 2.61, p = .019). Thus in general, means for groups of closely related species are 
statistically indistinguishable from one another. 

Graphic representation of these data complement correlational analyses (Figs. 
1-8). The solid line in each figure represents a line of perfect correlation (Y = X) 
between captive and wild weights for each sex at a variety of taxonomic levels. Plots 
for the entire sample (Figs. 1, 2) show that captive weights are extremely similar to 
noncaptive weights, confirming correlational analyses. In most, but not all cases, 
captive weights lie either on or above the line of perfect correlation, indicating a 
tendency for heavier weights in captive animals. There are no conspicuous differ- 
ences between females and males in terms of these patterns. 

The lowest correlations describe relations between captive and wild weights 
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TABLE 3. Correlation matrices for comparisons among reports 
of wild weights for Cercopithecus and Mucucu* 

Cercopithecus 
Male Female 

Fleagle ,4327 (4) Fleagle .3522 (4) 
HCB ,4820 (4) ,9440 (5) HCB .3649 (4) ,8219 (5) 

LC Fleagle LC Fleagle 

Macaca 
Male Female 

LC Fleagle LC Fleagle 
Fleagle ,9091 (3) Fleagle .9603 (3) 
HCB ,7458 (4) ,8678 (5) HCB .5634 (4) ,5930 (5) 

*Sources and abbreviations of wild weights are: Fleagle (1988) = 
Fleagle; Harvey and Clutton-Brock ( 1  985) = HCB; Leutenegger and 
Cheverud (1982) = LC. Sample sizes are in parentheses. 

5 

3 
L 

2 3 4 5 

log(Female Wild Weight) 

Fig. 1. Plot of the relation between female captive and wild weights for the entire anthropoid sample. 
The diagonal line represents a line of perfect correlation. Individual species are identified in plots for each 
superfamily . 

Plots for each superfamily clarify the general relations between captive and wild 
anthropoids (Figs. 3-8). Ceboids (New World monkeys) show extremely close con- 
gruence between wild and captive weights (Figs. 3 ,  4). Departures from the line of 
perfect correlation are very small and do not show a tendency to increase or decrease 
with increasing size. The largest departures are observed in Cebus upella (black- 
capped capuchins), with both males and females lying above the line. Overall, 
weights between captive and noncaptive ceboids are extremely similar. 



30 Leigh 

6 

2 
2 3 4 5 6 

log(Male Wild Weight) 

Fig. 2. Plot of the relation between male captive and wild weights for the entire anthropoid sample. The 
diagonal line represents a line of perfect correlation. Individual species are identified in plots for each 
superfamil y . 

In cercopithecoids (Old World monkeys), weights above the line of perfect 
correlation are common for both females and males (Figs. 5 ,  6) .  The largest depar- 
tures (for both sexes) include Macaca cyclopis (Taiwan macaque), Macaca arctoides 
(bear or stump-tailed macaque), Papio (Mandrillus) leucophueus (drill), and Papio 
(Mandrillus) sphinx (mandrill). Several colobine monkeys are below the line (Pres- 
bytis obscurus [spectacled leaf monkey], Presbytis cristatus [silvered leaf monkey], 
Presbytis entellus [Hanuman langur] , Pygathrix nemaeus [Douc langur] , and male 
Nasalis larvatus [proboscis monkey]). 

Hominoids (lesser and great apes) show very small departures from the line of 
perfect correlation, with Pongopygmaeus (orangutan) deviating the most (Figs. 7, 8). 
As with previous analyses, there appear to be no relations between deviations from 
the line and size. 

Inspection of plots representing deviations of captive weights from a line of 
perfect correlation suggests the absence of sex differences in weight differences. 
However, male differences are, on average, slightly larger than female differences 
(Table 4). In addition, there appears to be a relation between size of female departure 
and size of male departure such that large female departures are correlated with 
disproportionately large male departures (Fig. 9). Orangutans (Pongo pygmaeus) and 
gorillas (Gorilla gorilla) have been excluded from these analyses (see below for 
further discussion). When these species are included in the analysis, this general 
tendency changes only minimally, with male gorillas far below the expectation and 
orangutans above the expectation. 
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Plot of the relation between female captive and wild weights for the superfamily Ceboidea. The Fig. 3 .  
diagonal line represents a line of perfect correlation. 

Regression Analyses 
Reduced major axis regressions facilitate further investigation of the possibility 

for size-relatedness of deviations of captive from wild weights (Table 5 ) .  As is 
implied by previous plots, there is no clear tendency for deviations between captive 
and wild weights to increase with size. Regressions confirm this observation. All 95% 
confidence intervals include the value of 1.0 for slopes and 0 for intercepts. This 
result indicates that disproportionate increases in captive weights with increased wild 
weights are not statistically significant. Thus a size component is not strongly im- 
plied. Similarly, several relations imply a decrease in captive weight with increases 
in noncaptive weights, but these are not statistically significant. It should be noted 
that regression estimates for small groups of closely related species show substantial 
fluctuations in slope, which are likely a product of small sample size. Consequently, 
there is no clear tendency for an increase in captive weights relative to wild weights 
with size. 

Effect of Growth Duration 
A relation between growth duration and deviation from a line of perfect corre- 

lation is apparent in these data. Specifically, regression of the difference in weight 
(captive minus wild) for each species against captive growth duration suggests that 
weight differences increase exponentially with increases in growth duration (Figs. 11, 
12). The differences between captive and wild weights increase exponentially after 
growth durations of -4 years in females and 5 years in males (Table 6, Figs. 11, 12). 
In contrast, if growth duration is under 4 or 5 years, then wild weights and captive 
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log(Male Wild Weight) 

Plot of the relation between male captive and wild weights for the superfamily Ceboidea. The Fig. 4. 
diagonal line represents a l i w  of perfect correlation. 

weights can be expected to be extremely similar. Thus longer growth durations are 
associated with larger differences in captive and wild weights, and the expected 
departure of captive from noncaptive weights is nonlinear. Variation in growth rates 
does not appear to be associated with differences between captive and wild weights. 
Several species with short growth durations (< 5 or 6 years) attain adult sizes that are 
comparable to species with long growth durations [see Leigh, 1992a,b] but do not 
show high captive weights in relation to wild weights. Species that depart minimally 
from wild expectations include most callitrichids (marmosets and tamarins), Sairniri 
sciureus (squirrel monkey), Presbytis obscurus (dusky leaf-monkey) , Presbytis cris- 
tutus (silvered leaf-monkey), Pygathrix nernaeus (Douc langur) , and Cercopithecus 
aethiops (vervet monkey), and for females only, Miopithecus talapoin. 

It should be noted that male gorillas provide an exception to this pattern. The 
relation between deviation from wild expectation and growth duration holds when 
gorillas are excluded from this regression analysis because they are statistical outliers, 
with long growth durations and negative captive minus wild values. When Gorilla 
gorilla is included, there is no pattern of steady increase in deviation with growth 
duration. Finally, male Pongo pygrnaeus (orangutan) is excluded because growth in 
this species is unique among primates in that it is indeterminate (i.e., does not cease) 
[Leigh, 1992a,b; Leigh and Shea, 19931. Inclusion of Pongo pygmaeus tends to 
“cancel” the effects of gorilla because orangutans present extreme values both for 
growth duration and deviation from wild expectation. 
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TABLE 4. Descriptive statistics for deviations of 
captive from wild weights for anthropoids (captive 
minus wild) in grams 

Statistic Male Female 

Sample size 51 41 

Maximum 14,406 6,721 
Mean 2,354 1,302 
Standard deviation 3,468 1,979 

Minimum -6,266 - 1,337 
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Fig. 9. Regression of male difference in weights against female difference in weights (both are captive 
minus wild). The reduced major axis regression describing this relation is Y = 282 + 1.800 (X). 
Inclusion of Gorilla gorilla and Pongopygmaeus results in an equation of Y = - 368.039 + 2.07 l*(X). 

DISCUSSION 

The high correlations measuring the associations between captive and noncap- 
tive weights are consistent with expectations based on previous analyses [e.g., Moore 
and Cheverud, 1992; Moses et al., 1992; Schneiderman, 1992; Strum, 1991). At a 
broad level, captive weights do not appear to be aberrant or unusual in comparison to 
wild weights. Moreover, correlations that compare wild weights derived from dif- 
ferent literature sources are not notably higher, in some cases, than correlations 
between captive and wild weights. This suggests that in a statistical sense, wild and 
captive weights differ in ways that samples drawn from the same statistical population 
might differ. In addition, there is probably some unevenness in the quality of data 
reported by various sources, although the overall effects of this type of error in 
interspecific studies may not be severe. Most generally, the present study confirms 
Strum's [ 19911 explicit suggestion that conditions found in captivity overlap those 



36 Leigh 

300 

200 

3 

c b 100 
E 
i 

3 
0 

-100 

I I 1 

...................................... 

, !I4 
! . 2 1  ; 
.i ..... 28 ........... i .................. 
i.8 

lo:. lo:. 

.................. L ................................................................ .................. L ................................................................ 

.............. 4.V: ................. :> .................... j .................. 

I I I 

-100 0 100 200 300 

Female Difference (g) 

Fig. 10. Expanded view of species near coordinates 0 ,O in Figure 9. 

TABLE 5. Reduced major axis regression parameters for the 
relation between captive weights and wild weights for 
anthropoid primates by sex* 

Male Female 

Group Intercept Slope Intercept Slope 

Anthropoid - .03 1.03 -.02 1.02 
Ceboidea -.15 1.07 - .03 1.02 

Callitrichidae -.I2 I .06 .07 .98 
Cebidae -1.17 1.39 -1.29 1.45 
Atelidae -1.87 1.51 

Cercopithecinae .04 1.03 -.20 1.09 
Cercopithecinia - .08 1.06 -.15 1.07 

Colobinae .19 .95 .23 .94 
Hominoidea -.04 1.02 -.06 1.03 

Cercopithecoidea .15 .99 .03 1.02 

Papioninib .67 .88 .36 .95 

*Sample sizes for these relations are presented in Table 2. 
aIncludes Miopithecus, Eryrhrocebus, and Cercopitahecus (N = 9 
males, 6 females). 
bIncludes Papio, Cercocebus, and Macaca (N  = 14 males, 13 fe- 
males). 

observed in the wild. It should be noted that, unlike Strum’s study, the present 
analysis does not directly answer questions about growth. 

The current study may point to species that are at risk of obesity in captive 
circumstances. In general, cercopithecoids (Old World monkeys) exhibit the largest 
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wild) and male age at growth cessation. A quadratic regression of these data is plotted as a solid line. 
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Fig. 12. Plot of the relation between the difference in female captive and wild weights (captive minus 
wild) and female age at growth cessation. A quadratic regression of these data is plotted as a solid line. 
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TABLE 6. Regression equations for the relations between captive and wild 
difference (in grams) and age at growth cessation (AGC) (measured in 
captive samples) 

Male (excluding Pongo pygmaeus and Gorilla gorilla): 
Weight Difference = 306.971 + 16.387*(AGC) + 76.854*(AGC2) 

R2 = ,584, F = 26.602, P < .05 
Male (including Pongo pygmaeus and Gorilla gorilla): 

Weight Difference = 4733.402 - 2451.857*(AGC) + 274.834*(AGC2) 
R2 = ,506, F = 20.454, P < .05 

Female: 
Weight Difference = 2435.430 - 1312.218*(AGC) + 170.620*(AGC2) 

R2 = ,848, F = 111.588, P < .OS 

departures from an expectation of a perfect correlation. Several individual species 
show weights in excess of what could be anticipated given literature accounts of 
noncaptive weights. These species include, for males, Papio (Mandrillus) leu- 
cophaeus (drill), Papio (Mandrillus) sphinx (mandrill), Macuca cyclopis (Taiwan 
macaque), Mucaca arctoides (stump-tail or bear macaque), and Cercopithecus ne- 
glectus (De Brazza’s guenon). For females, species that appear to be at risk of 
elevated weight include those species identified for males (see above) plus Macuca 
mulutta (rhesus macaque) and Cercocebus torquatus atys (sooty mangabey). The 
present study implies that maintenance of healthy animals, particularly for these 
species, may involve careful attention to weight in adults and to weight growth in 
juveniles. Clearly, an assessment of obesity must rest on the conditions of individual 
animals, and wild weights should not be taken either as ideals or as optimal weights. 
Evaluation of housing conditions, rearing practices, or other variables that may con- 
tribute to excessive weight should also be undertaken, but such an evaluation is not 
practical with the present data base. 

Weights for other species in the sample are very close to weights published for 
wild samples. The average male departure is < 3 kg from wild averages, whereas the 
average departure for females is < 1.5 kg from wild means. Although male devia- 
tions do not always exceed female deviations, male departures can be expected to 
increase disproportionately relative to female departures. In other words, where fe- 
male deviations are large, slightly larger male deviations can be anticipated. If female 
departures are small, then male departures can be expected to be nearly equal to 
female departures. In general, these data may imply that males may face greater risk 
of obesity than females. 

Although sex differences in departures are observed, regressions for each sex 
separately indicate a lack of consistent correlation between size and deviation from 
wild weights. The greatest risks seem to occur in the middle of the size range, as is 
suggested by the species mentioned previously. Consequently, larger species (such 
as gorillas) do not appear to be at increased risk of elevated weight in captive 
populations relative to smaller primates. Several factors could account for 
similarities between captive and wild gorilla weights, including the very small 
sample sizes used to determine wild weights [see Jungers and Susman, 19841. 
Orangutans provide an exception to this general rule, but it should also be noted that 
weight growth in male orangutans is unique because it is indeterminate [Dahl et al., 
1993; Fooden and Izor, 1983; Leigh, 1992a,b; Leigh and Shea, 19931. Moreover, 
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TABLE 7. Life expectancy at birth and likelihood of 
survival to four vears* 

~ ~~~~ 

Life expectancy Survival to 
Species at birth 4 Years 

Macaca mulattaa 7.5 .73 
Macaca fuscata" 4.5 .54 
Macaca sinicab 0.6 .20 
Cercopithecus aethiops 1.6 .27 
Theropithecus gelada (1) 10.3 .80 
Theropithecus gelada (2) 13.8 .88 
Papio cynocephulus 4.0 .50 

.74 
Pan troglodytes 10.9 .46 

*Data summarized by Dunbar [ 19871. 
aData based on provisioned animals. 
bDunbar [I9871 indicates that values may be unreliable. 

Papio hamadryas - 

some noncaptive weights are probably unreliable for this species [Markham and 
Groves, 19901. 

The presence of a positive exponential relation between growth duration and 
deviation of captive from wild weights provides insight into the basis of differences 
between wild and captive weights. Two possibilities may explain this phenomenon. 
First, species that grow for long periods of time may simply be more prone to obesity 
than species that grow for short periods of time. This implies that risk of obesity in 
captive primates is a function of growth duration, but possibly not of growth rate. 
However, several species that grow rapidly and reach adult size comparable to long- 
growing species [Leigh, 1992a,b] do not appear to be at elevated risk of obesity. The 
possibility that growth rate and growth duration have variable consequences for adult 
obesity may have interesting clinical implications for both human and nonhuman 
primates. However, these implications cannot presently be evaluated. 

Second, wild weights may provide underestimates of asymptotic species size for 
those species that grow for long periods of time. Demographic processes may affect 
this pattern because the chances that wild animals survive for > 5 years and attain 
adult weight may be low. Demographic data supplied by Dunbar [1987] may support 
this possibility. Specifically, life expectancies at birth for several species reported by 
Dunbar (sexes combined) range from .6 years, which may not be reliably estimated 
[see Dunbar, 19871, to 13.8 years (Table 7). The likelihood that animals reach an age 
of 4 years ranges from .2 to .88 (Table 7). Thus assuming that wild and captive 
animals grow for equal lengths of time, the probability that a substantial proportion 
of individuals of long-growing species actually reach asymptotic body weight may be 
minimal. Given that naturally foraging animals probably grow for longer periods of 
time than captive animals [Moses et al., 1992; Strum, 19913, the chances that many 
dentally adult noncaptive animals had attained asymptotic size when collected are 
lower. This does not mean that asymptotic weight is never achieved in the wild; it 
simply suggests that animals or weights for animals at asymptotic weight were rarely 
collected. 

The possibility that demographic processes influence wild weight estimates 
implies that male deviations can be expected to exceed female deviations because 
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male primates experience higher [Sade et al., 1976; Dittus, 19801 or “slightly 
greater” [Goodall, 1986: 1331 mortality rates than females. Higher mortality would 
reduce the proportion of fully adult males in wild populations. Moreover, when the 
tendency for male growth duration to exceed female growth duration [Jarman, 1983; 
Leigh, 1992a,b; Shea, 1986; Watts, 1986; Wiley, 19741 is coupled with elevated 
mortality, the proportion of fully adult males at risk of collection for wild weights 
may actually have been quite low. 

In general, it can be suggested that the differences between wild and captive 
weights in long-growing species may be partially attributable to underestimates of 
asymptotic weights in noncaptive animals. In other words, wild animals that were 
dentally adult when collected may not have yet reached asymptotic body weight. 
Thus estimates of weights for short-growing species are similar between captive and 
wild animals because wild animals are likely to have attained asymptotic weight prior 
to being shot. A relatively high percentage of individuals at asymptotic weight of 
short-growing species are at risk of collection and thus are probably sampled. It 
should be noted that this hypothesis assumes that mortality is a function of chrono- 
logical age, not developmental age. In sum, it can be suggested that deviations 
between wild and captive weights can be most adequately explained if data about 
demographic processes and growth duration are available. 

The present analysis indicates the need for additional data on weight in wild 
primate species. Underestimation of asymptotic weight may have important implica- 
tions for comparative analyses in which weight (or mass) is an important variable. For 
example, analyses of life-history variation that utilize size (or weight as a surrogate 
for mass) [see Harvey and Clutton-Brock, 1985; Jungers, 1985; Millar, 1977; Ross, 
1988, 1991; Stearns, 1980, 1992; Western, 19831 may be influenced by this kind of 
bias. Similarly, weight estimates are almost always utilized in deriving variables that 
are “size-adjusted,” which are used to measure characteristics of species that are 
expressed in relative terms. It is therefore essential to be aware of possible systematic 
biases in weight data. Finally, incorporation of data from captive animals into such 
studies may be appropriate in some instances, and species that exhibit short growth 
periods may be particularly suitable for these kinds of analyses. Weight data from 
captive animals may be particularly informative for rare or poorly studied species. 

Although adult weights do not show tremendous differences between wild and 
captive samples, the underlying growth differences between them are unclear. Similar 
adult sizes can be produced by varying mixtures of rate and duration of growth, and 
additional comparisons of growth by nutritional regime should be encouraged. More- 
over, differences in body composition between captive and wild samples are un- 
known. Studies of baboons [Moses et al. 1992; Strum, 19911 point to potentially 
interesting contrasts between captive and wild samples. These differences should be 
elucidated in order to facilitate more adequate management practices. Moreover, such 
studies may provide ‘‘natural experiments” with which fundamental questions about 
growth and development can be addressed. 

The high correlations between captive and wild samples, the lack of size- 
relatedness in deviations between these samples, and the suggestion that non-captive 
weights are underreported in long-growing species suggest that captive weights could 
be profitably employed in evolutionary analyses. Such analyses could include studies 
of weight dimorphism [Leutenegger and Cheverud, 1982, 1985; Gaulin and Sailer, 
1984; Ely and Kurland, 19891, life-history [Stearns, 19921, and allometric studies 
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[Schmidt-Nielsen, 19841 as well as other areas of research. The diminishing prospects 
for conservation of a disturbingly large number of species place a premium on 
understanding the similarities and differences between the biology of wild and captive 
samples. It may, in the future, happen that captive samples will be the only source for 
additional insight into the biology of modern primates. 

CONCLUSIONS 

1 .  Based on comparisons of weights for anthropoid primates, conditions ob- 
served in captivity and in the wild appear to overlap. 

2. Correlations between captive and literature-reported wild weights are gen- 
erally quite high. 

3. Statistically significant differences between mean weights for groups com- 
prised of closely related species are not usually present (although there are some 
exceptions). 

4. In cases of low correlation, the associations between captive and wild 
weights appear to be no worse than correlations among different sources of wild data. 

5.  Deviations between captive and wild weights are not strongly correlated with 
size. 

6 .  The deviations of male captive weights from male wild weights tend to 
exceed female deviations, possibly implying that males face greater risk of obesity 
than females. 

7. Differences between captive and wild weights are correlated with duration of 
growth (measured in captive animals). 

8.  Wild weights have tended to underestimate species size because animals at 
asymptotic weight may not have been adequately sampled. 
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