Vol. 144, No. 4 The American Naturalist October 1994

THE MACROECOLOGY OF CYPRINELLA: CORRELATES OF
PHYLOGENY, BODY SIZE, AND GEOGRAPHICAL RANGE

CHrisTOPHER M. TayLor* AND NicHoLAS J. GOTELLIT

*Department of Zoology, University of Oklahoma, Norman, Oklahoma 73019;
tDepartment of Zoology, University of Vermont, Burlington, Vermont 05405

Submitted December 21, 1992; Revised November 2, 1993; Accepted November 9, 1993

Abstract.—Macroecologists interpret correlates of body size and geographical range size in an
ecological context, but these patterns may also reflect historical or phylogenetic forces. We
examined the relationship between range size and body size for a monophyletic group of 27
North American minnow species. Body size and range size were positively correlated, but both
variables were also correlated with latitude. After controlling for effects of latitude, body size
and range size were no longer correlated. The basal dichotomy of the cladogram defined an
eastern and western clade; they differed in their geological and climatic histories and macroeco-
logical patterns. Within the western clade, only Bergmann’s rule was confirmed. Within the
eastern clade, both longitude and latitude of geographical range were positively correlated with
body size. A simple measure of phylogeny was correlated with range size: species branching
near the cladogram root had larger geographical ranges than species branching distally. After
statistically removing the effects of latitude, longitude, and phylogeny, there was a significant
positive correlation between body size and range size. Macroecological patterns are sensitive
to phylogeny and speciation history, and they may be most informative for clades that occupy
areas with a common climatic history.

Practitioners in the emerging field of macroecology seek to understand the
partitioning of physical space and ecological resources by species (Brown and
Maurer 1989). In macroecological analyses, individual species function as repli-
cates in searches for correlated patterns of geographical range size, body size,
population density, trophic status, and intrinsic rate of increase (Damuth 1981;
Brown and Maurer 1987; Gaston and Lawton 1988a, 1988b, Brown and Maurer
1989; Lawton 1990). Analyses are typically carried out on very broad taxonomic
and ecological groups, such as on the breeding birds of North America (Brown
and Maurer 1987) or the herbivorous insects that feed on bracken (Gaston and
Lawton 1988b).

One pattern that frequently emerges from such analyses is a correlation be-
tween the mean body size of animal species and the size of their geographical
ranges. Brown (1981; Brown and Gibson 1983; Brown and Maurer 1987) predicted
a positive relationship between body size and geographical range size. Brown
and Maurer (1987) contended that the maximum possible geographical range size
of a species is set by spatial constraints (e.g., size of continent for birds), while
the minimum geographical range size is set by the minimum viable population
size of the species. Thus, the minimum size of a geographical range must in-
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crease with body size because large-bodied species have relatively large home-
range requirements (McNab 1963; Schoener 1968) and low population densities
(Damuth 1981). Consequently, a large-bodied species with a small geographical
range would have a small total population size and a high probability of extinction.
Although there must exist some upper limit to the density of large-bodied species
that is lower than that for small-bodied species, Blackburn et al. (1990) found
no relationship between population density and body size for several guilds of
taxonomically close bird and beetle species. They argued that body size—
population density relationships may often be artifacts due to the relative rareness
of species at extreme size ranges.

Gaston (1990) suggested a second mechanism that could lead to a positive
correlation between body size and geographical range. If small-bodied species
are sensitive to density-independent perturbations such as temperature fluctua-
tions or other climatic disturbances, they may be unable to persist over wide
geographical areas (Gotelli and Graves 1990). In this scenario, the differential
ability of species to maintain large geographical ranges also leads to a positive
correlation between body size and geographical range size.

There is empirical support for this model. The bivariate scatterplot for almost
400 species of North American birds (fig. 3 in Brown and Maurer 1987) indicates
a positive relationship between body size and geographical range but does not
suggest (to our eyes) a clearly defined minimum, perhaps because it represents a
probablistic boundary (Brown and Maurer 1987). Significant positive correlations
between body size and geographical range size have been found for stomatopods
(Reaka 1980), fish (McAllister et al. 1986), and mammals (Van Valen 1973; Brown
1981).

A theoretical argument has also been advanced for a negative correlation be-
tween body size and geographical range size (Gaston 1988; Gaston and Lawton
1988a, 1988b). The argument is based on the observation that the intrinsic rate
of increase, r, decreases as a function of increasing body size (Fenchel 1974;
Southwood 1981; Gaston 1988). Consequently, population growth of small-bodied
species that colonize an empty site will be more rapid than growth of large-bodied
species. Rapid population growth will allow small-bodied species to achieve a
large population size in a short time, which makes them less vulnerable to sto-
chastic extinction (MacArthur and Wilson 1967; Leigh 1981). Smaller population
sizes of large-bodied species will reinforce this pattern (Gaston 1990).

Some empirical studies also support Gaston and Lawton’s model. For North
American Peromyscus, small-bodied species are more widespread and possess
life-history traits (e.g., large litter size, high relative reproductive effort, short
life span) that would predispose them to successful colonization (Glazier 1980).
Small-bodied mammal species also occupy more sites than large-bodied species
on isolated mountain tops in the southern Rocky Mountains (Patterson 1984),
although this system is probably driven by extinction rather than colonization
(Brown 1971). Finally, body size and site occupancy are negatively correlated
for bracken-feeding insects (Gaston and Lawton 1988b). However, the pattern
may not hold over their entire geographical ranges, which include other host plant
species (Gaston 1990).



MACROECOLOGY OF CYPRINELLA 551

The contrasting predictions of the two models depend on whether persistence
of a species is controlled by total abundance across the entire geographical range
(Brown’s model) or abundance and population attributes of local populations
(Gaston and Lawton’s model). The empirical results are diverse and seem to vary
widely among taxa and geographical regions (Gaston 1990).

A difficult challenge to macroecologists is to sort out the network of highly
correlated ecological variables that may be associated with body size and geo-
graphical range, including dispersal potential (Glazier 1980), climatic and habitat
variation (Karr and James 1975), and longitudinal and latitudinal variation in
geographical range boundaries (Brown and Maurer 1989; France 1992). For exam-
ple, many taxa of both ectotherms and endotherms exhibit an increase in body
size at high latitudes (Bergmann’s rule; Lindsey 1966). High-latitude species also
tend to have greater latitudinal spans in their geographical ranges than more
tropical, low-latitude species (Rapoport’s rule as designated in Stevens 1989;
Rapoport 1982; France 1992). Thus, a positive correlation between geographical
range size and body size could result because of underlying latitudinal gradients
in each variable (Pagel et al. 1991).

Many macroecological studies have relied on qualitative interpretations of bi-
variate scatterplots (Brown 1981; Brown and Maurer 1987; Lawton 1990). More
quantitative path analyses (e.g., fig. 1 in Gaston and Lawton 1988b) and regres-
sion models (Sokal and Rohlf 1981) may reveal more complex ecological relation-
ships involving body size and geographical range.

A more serious concern is that macroecologists have not emphasized phyloge-
netic and historical processes in their explanations. Phylogenetic processes in-
clude correlations and constraints on body size imposed by an evolutionary lin-
eage (Pagel and Harvey 1988). As summarized by Harvey and Pagel (1991), a
variety of comparative methods have been developed for analyzing the relation-
ship between two continuous variables (Felsenstein 1985; Huey and Bennett
1987). Analysis of phylogenetic processes requires a cladogram, a branching hier-
archical tree that expresses relationships among taxa and is based on shared
derived characters (i.e., synapomorphies; Wiley 1981). Phylogenetic effects have
been demonstrated for body size (Elgar and Harvey 1987) and other ecological
attributes of monophyletic groups (Wanntorp et al. 1990; Brooks and McLennan
1991). Similarly, geographical range size is probably influenced by speciation
mode (Lynch 1989) and may even behave as a heritable, species-level trait
(Jablonski 1987). The ecological significance of correlations between body size
and geographical range cannot be assessed fully unless phylogenetic effects are
evaluated simultaneously.

Unfortunately, it has not been easy to study the joint effects of ecology and
history in biogeography. Endler (1982, p. 451) suggested one worthwhile avenue:
““One possible method would be to explore the ecological factors in sufficient
detail so that these factors could be removed, leaving components of the distribu-
tions which presumably reflect historical events, but this is a formidable task.”
Because our goal is an understanding of the relationship between body size and
geographical range size, we have taken the opposite approach. Namely, we use
phylogeny as a ‘‘null hypothesis’’ (Kochmer and Handel 1986) to try to account



