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GAPS IN MAMMALIAN BODY SIZE DISTRIBUTIONS REEXAMINED
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Abstract. Holling suggested that discontinuities in the body size distributions among
species of animals are a universal feature of terrestrial biomes. We compared the magnitudes
of body size gaps of mammal communities of North America and Australia to those gen-
erated by a simple random null model. In most biomes, no gaps were significantly larger
than random, so discontinuities in body size distributions are the exception, not the rule.
We also made intra- and intercontinental comparisons of size distributions to test two
alternative hypotheses: (1) Holling’s Textural-Discontinuity Hypothesis, that body size dis-
tributions reflect structural characteristics of the habitat; and (2) the Core-Taxa Hypothesis,
that body sizes reflect the distributions of widespread taxa. We found that the gaps in body
size were similar in structurally dissimilar but adjacent biomes that shared the same or
closely related species. We conclude that body size distributions of biomes are not highly
discontinuous, and their structure reflects taxonomic constraints on body size.
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The lumpiness of body size distributions for animals
in terrestrial ecosystems is clearly real and universal.

—Holling et al. (1996)

Holling (1992) suggested that discontinuities in
landscapes should cause clumps and gaps in the dis-
tributions of body sizes among species within animal
communities at large spatial scales, such as within bi-
omes. His preliminary analyses raised the intriguing
possibility that there are indeed such clumps and gaps,
a possibility that has caused much excitement among
ecologists (117 citations through January 1999, Sci-
Search).

In a reanalysis of Holling’s data, Manly (1996) used
clump detection methods to show that there are very
few clumps in species’ body size distributions that are
typically unimodal or bimodal. However, even if the
probability distribution does not exhibit multiple
modes, there may still be gaps or discontinuities in the
distribution of body sizes. Even randomly placed points
cluster together just by chance, however, so purely ran-
dom processes could generate the magnitudes of gaps
seen in natural communities.
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Regardless of the magnitudes of body size gaps, if
a theory were able to predict the body sizes where they
occur, it would give insight into the processes struc-
turing animal communities at large spatial scales. The
Textural-Discontinuity Hypothesis (Holling 1992) pro-
poses that the clumps and gaps in body size distribu-
tions of mammals and birds in biomes reflect structural
characteristics of the vegetation and landscape. Alter-
natively, the clumps and gaps could reflect the fact that
certain species or closely related taxa of similar size
are widely distributed across habitats and biomes with-
in a continent (Holling 1992, Brown 1995). This is an
elaboration of Holling’s Historical Hypothesis (1992),
in that it includes sharing of species among biomes as
well as conservation of body sizes within higher taxa.
Hereafter, we will refer to this as the Core-Taxa Hy-
pothesis.

These two hypotheses make opposite predictions
about the sizes at which the greatest species’ body size
gaps occur in different biome types and on different
continents. The Textural-Discontinuity Hypothesis pre-
dicts that: (1) the greatest gaps should occur at similar
body sizes in structurally similar biomes on different
continents, but (2) at different sizes in structurally dif-
ferent biomes on the same continent. The Core-Taxa
Hypothesis predicts just the opposite, that: (1) the
greatest gaps should occur at different body sizes in
structurally similar biomes on different continents, but
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(2) at similar sizes in structurally different biomes on
the same continent. Because Australia and North Amer-
ica do not share any native mammal species, but have
several structurally similar biome types, they allow a
clear test of these two hypotheses.

We used data on mammals of North America and
Western Australia to test: (1) whether random processes
can account for the magnitudes of gaps in body size
distributions, (2) if the assumptions of the Core-Taxa
Hypothesis are met in natural communities, and (3)
whether the Textural-Discontinuity or Core-Taxa hy-
pothesis better predicts the sizes at which the greatest
body size gaps occur in intra- and intercontinental com-
parisons.

METHODS

Data for mammalian species in North American bi-
omes were taken from Brown and Nicoletto (1991).
These data are lists of the mammal species that oc-
curred in each of 19 biomes prior to European settle-
ment (excluding bats, marine mammals, and humans),
and the average body mass of each of the 464 species.
The number of species per biome ranged from 36 to
182. Data for mammalian species in Western Australia
were taken from Burbidge and McKenzie (1989). These
data are lists of all terrestrial mammal species (except
humans; we also excluded the bats) that occurred in
each of six areas prior to European settlement, together
with the body masses of the 102 species. We combined
some of the areas to create lists for four biomes (both
Kimberley areas were combined, as were the Darling
and Wheat areas). The number of species per biome
ranged from 41 to 51. We also used the data for mam-
mals in Holling (1992), but only in comparisons of gap
magnitudes to random models. We did not remove bats
from these lists, so as to keep our analyses comparable
to Holling’s original analyses. Including or removing
bats gave similar results.

We wanted to estimate how many body size gaps in
real biomes were significantly larger or smaller than
expected in random biomes. For each real biome, we
calculated the magnitudes of species body size gaps as
[log(massn11) 2 log(massn)], where massn is the mass
of the nth smallest species in the biome. The S 2 1
gaps were sorted in descending order, gap1 to gapS21

(where S is the number of species in the biome). This
two-point gap metric differed from the three-point gap
metric used by Holling (1992): [(massn11 2 massn21)/

], where g is a taxon-specific constant fitted togmassn

the data a posteriori. The two-point log-transformed
metric has the advantages of giving a more precise
location, handling a geometric variable without arbi-
trary correction, and having a long tradition of use by
ecologists and statisticians (e.g., Fisher 1940, Darling

1953, Barton and David 1956, Hutchinson 1959, Sim-
berloff and Boecklen 1981).

We compared the magnitudes of the largest gaps
within real biomes to those in biomes generated by a
very simple random null model. For each real biome,
we constructed 10 000 random biomes. Each random
biome was defined by S 2 2 random numbers drawn
with uniform probability from the interval log(mass1)
to log(massS). Gap sizes were calculated (end points
were the smallest and largest species) and sorted in the
same manner as in real biomes. In order to determine
the number of gaps in real biomes that were signifi-
cantly larger or smaller than those in these random
biomes, we performed a series of conditional tests. We
first tested whether the largest real gap was different
from the largest gap in the random biomes. To be liberal
and allow a large number of gaps, we set the probability
level, a, at 0.10 (i.e., a result was significant if the
largest real gap was larger than the largest gap in
$9500 of the random biomes, or the largest real gap
was smaller than the largest gap in $9500 of the ran-
dom biomes). If this first test was significant, we tested
whether the second largest gap deviated from random
expectations at the same a level. We continued these
tests until we did not obtain a significant result. The
number of significant gaps was taken as a measure of
the number that could not be explained by random pro-
cesses. We repeated these analyses with a 5 0.20.

The Core-Taxa Hypothesis requires that some spe-
cies occur in many biomes and/or that closely related
species of similar sizes do so. To determine the distri-
butions of individual species, we calculated the mean
and maximum number of biomes in which they oc-
curred (separately for North America and Australia).
To determine the similarity of body sizes within higher
taxa, we performed two sequential (i.e., Type I SS)
unbalanced ANOVAs, one for each continent. The re-
sponse variable was log (body mass) and the predictors
were taxonomic order followed by taxonomic family.
We used the classification of Wilson and Reeder (1993),
which recognizes several orders of marsupials in Aus-
tralia.

In order to determine whether biome type or conti-
nent more strongly influences the sizes at which the
greatest gaps occur, we first paired each Australian bi-
ome with the most structurally similar North American
biome, based on the classification of Cox and Moore
(1985). These pairings were: (1) Kimberley: Guerreran
(Tropical Seasonal Forest), (2) Pastoral: Grasslands
(Temperate Grasslands), (3) Desert: Sonoran Desert
(Desert), (4) Darling-Wheat: Californian (Mediterra-
nean). Including just these eight biomes, we used ANO-
VA to test the dependence on biome type (four levels)
and continent (two levels) of the body size midpoint
of the greatest gap. The North American biomes with-
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FIG. 1. Biomes classified by the number of body size gaps
in the biome that were significantly larger or smaller than
those in random communities at two different significance
levels.

TABLE 1. Effect of taxonomy on average log species body
mass in sequential ANOVAs. Overall F values are shown
in the error rows.

Factor df
Type I

SS MS F
R2

cum†

North America
Order 9 364.9 40.54 223.81**** 0.69
Family 20 83.9 4.19 23.15**** 0.85
Error 434 78.6 0.18 85.43****

Australia
Order 5 66.9 13.40 58.36**** 0.63
Family 7 17.1 2.44 10.64**** 0.80
Error 89 20.4 0.22 30.52****

**** P , 0.0001 for the significance test of parameter value
from zero.

† Cumulative R2.

TABLE 2. Effects of biome type and continent on the size
at which the greatest species body size gap occurred. Re-
sults are from an ANOVA (Type III ss). The overall F and
P values are shown in the error row.

Factor df SS MS F P

Continent 1 3.40 3.40 979.53 ,0.0001
Biome 3 0.02 0.006 1.68 0.34
Error 3 0.01 0.003 246.14 0.0004

out Australian counterparts were omitted to simplify
the analysis and provide tests of similar power. A sec-
ond test used all 25 biomes and MANOVA to test
whether the sizes at which the five largest gaps occurred
depended on continent. MANOVAs with other numbers
of gaps gave similar results.

RESULTS

For most biomes, few or no gaps were significantly
larger and no gaps were significantly smaller than those
in random communities (Fig. 1). At a 5 0.10, of the
21 North American biomes from Brown and Nicoletto
(1991), 11 biomes had no significant gaps, three biomes
had one, four had two or three, and only three had more
than three significantly large gaps. At a 5 0.20, nine
biomes had no significant gaps, six biomes had one to
three, and five had more than three significantly large
gaps, whereas a single biome had one gap that was
significantly smaller than random. At both a levels,
neither of Holling’s communities had any significant
gaps. At a 5 0.10 and a 5 0.20, two and three Aus-
tralian biomes, respectively, had a single significantly
large gap.

In North America, the average species occurred in
3.8 6 3.9 biomes (mean 6 1 SD), with a range of 1–19
biomes. In Australia, the average species occurred in
1.8 6 0.9 biomes, with a range of 1–4 biomes.

Body size was strongly and significantly constrained
by taxonomy (Table 1). Over 60% of the variability in
species body mass was explained by taxonomic order,
both in North America and in Australia. Family ex-
plained an additional ;15% of the variability in body
mass on each continent.

The size at which the greatest gap occurred in a
biome depended significantly on continent, but was in-
dependent of biome structural type (ANOVA; Table 2).
The sizes at which the five greatest gaps occurred in a
biome depended significantly on continent (MANOVA;
Wilks’ lambda 0.22, F5,19 5 13.68, P , 0.0001).

DISCUSSION

A very simple null model of random body sizes was
able to account for the magnitudes of nearly all of the
largest gaps in species body size distributions in natural
communities (Fig. 1). In fact, in the majority of biomes
(15 of 27 at a 5 0.10, including both of Holling’s; Fig.
1A), no gaps were significantly larger than those in
random communities. These results, together with one
gap smaller than random (at a 5 0.20; Fig. 1B) and
Manly’s (1996) demonstration that there are few modes
(significant clumps in the distributions), suggest that
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there is no general pattern of multiple gaps and clumps
of body sizes in terrestrial mammal assemblages at the
scale of biomes. There is no evidence of the clumpy-
gappy pattern claimed by Holling. This result does not
mean that landscape structure does not influence the
sizes of mammals that occur in different biomes.

The magnitudes of the smallest gaps in natural com-
munities also do not differ consistently from those in
random communities. Hutchinson (1959) proposed that
competition should place a limit on the similarity of
body sizes of coexisting animal species. Simberloff and
Boecklen (1981), using the same random model that
we use here, found that the smallest gaps in natural
communities usually were no different than those ex-
pected by chance, although there were significant re-
sults in both directions. We note, however, that our
results do not directly address Hutchinson’s hypothesis
because: (1) the biomes that we analyzed are much
larger and contain substantially more species than the
small habitat patches that are most appropriate for as-
sessing coexistence (Brown and Nicoletto 1991); and
(2) the large assemblages of mammals analyzed here
include many species that would not be expected to
compete because they are in different trophic guilds
(including both herbivores and carnivores). When anal-
yses are restricted to members of the same guild that
coexist in the same local habitats, some nonrandom
patterns have been detected by others. For example,
coexisting species of seed-eating desert rodents can be
shown to have both more uniform distributions of sizes
and fewer small gaps in the distributions than expected
by chance (e.g., Simberloff and Boeklen 1981, Bowers
and Brown 1982, Kelt and Brown, in press).

Even though the magnitudes of the largest gaps are
easily accounted for by random processes, if the large
gaps occur at predictable body sizes, they may still
reflect processes that determine the structure of biotas
at the scale of biomes. Indeed, gaps occurred at sig-
nificantly similar body sizes for biomes on the same
continent, both in the two-way ANOVA that considered
only the greatest gap (Table 2), and in the MANOVA
that considered multiple gaps simultaneously. On the
other hand, structurally similar biomes in Australia and
North America did not have their large gaps at similar
body sizes (Table 2). These results do not support the
Textural-Discontinuity Hypothesis, but are exactly
what is predicted by the Core-Taxa Hypothesis. This
hypothesis suggests that similarities in size distribu-
tions among biomes on the same continent are due
largely to some combination of two phenomena: (1)
taxonomic relatedness of species in different biomes,
and (2) the occurrence of the same species across mul-
tiple biomes.

Our analyses suggest that both phenomena contribute
to the observed similarities. Because, on average, spe-

cies occur in more than one biome and in biomes with
dissimilar vegetation and landscape structures (re-
viewed in Brown et al. 1996), this sharing contributes
to the observed similarities in body size distributions.
Body size was strongly conserved within orders and
families (Table 1), in agreement with evolutionary the-
ory (e.g., Stanley 1973, Maurer et al. 1992, Brown et
al. 1993) and empirical studies (e.g., Brown et al. 1993,
Cadle and Greene 1993, Siemann et al. 1996, Siemann
et al. 1999). Most orders are represented by at least
one species in each biome, also contributing to the
similarities in the size distributions across structurally
different biomes on the same continent. In other words,
there is considerable overlap, but also some turnover
in the distribution of species from biome to biome, but
the substituted species tend to be closely related mem-
bers of the same families and orders, and therefore to
be of similar body sizes. For example, the deer mouse
(Peromyscus maniculatus) occurred in 19 of the 21
North American biomes, including ones with such dis-
similar structure as Yukon Taiga, Sonoran Desert,
Grasslands, and Tropical Season Forest; Peromyscus
truei occurred in 10 of the 21 biomes (Brown and Ni-
coletto 1991).

There is growing evidence for the influence of re-
gional processes on the structure of local communities
(e.g., Cornell 1993, Ricklefs and Schluter 1993, Caley
and Schluter 1997, Godfray and Hassell 1997, Roland
and Taylor 1997). Our results suggest that the body
size distributions at the scale of biomes are influenced
by processes at continental scales, including the geo-
graphic ranges of species and the history of phyloge-
netic radiations. Our results do not support Holling’s
claims that these body size distributions have signifi-
cantly larger gaps and clumps than expected by chance,
or that they reflect a strong influence of biome-specific
vegetation and landscape structure.
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