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Summary

1. Data from 364 mammal and 564 bird species were used to compare these two taxa
in the patterns of variation in population density and energy use as a function of body
mass.

2. This study demonstrates previously unappreciated quantitative differences between
mammals and birds. Over a wide range of sizes, population densities and rates of
energy use are at least one order of magnitude higher in mammals than in birds of
similar size. The highest population densities are found in species that weigh about
100 g in mammals and 30 g in birds.

3. Comparisons between mammals and birds from the same dietary category indicate
that mammals maintain higher densities and use more energy than birds. Insectivorous
mammals and birds maintain the lowest densities.

4. Flying mammals and birds reach lower densities and use more energy than non-
flying forms.

5. These findings reveal relationships between the morphology, physiology and behav-
iour of individual organisms and the ecological performance of these endothermic
vertebrates in populations, communities and ecosystems: relationships that have not

previously been appreciated.
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Introduction

Allometric relationships having similar exponents but
differing elevations in different taxa adequately
characterize various morphological, physiological and
even behavioural traits of individual organisms (e.g.
Peters 1983; Calder 1984; Schmidt-Nielsen 1983, 1984;
Bonner 1988). A number of aspects of relationships
between body size and various ecological attributes
such as population density, population energy use,
home range and geographical range are not yet clear
(e.g. Blueweiss et al. 1978; Damuth 1981a, 1987, 1993,
Mace & Harvey 1983; McNab 1986; Brown & Maurer
1987, 1989; Maurer & Brown 1988; Pagel & Harvey
1988; Lawton 1989; Blackburn, Harvey & Pagel 1990;
Blackburn, Lawton & Pimm 1993b; Blackburn et al.
1993a; Gaston 1990, 1991; Silva & Downing 1995). It
is also not yet clear to what extent different kinds of
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organisms differ in these population- and species-level
attributes, or what the causes and implications of these
differences might be (Brown & Maurer 1989; Black-
burn & Gaston 1994).

Mammals and birds are important components of
most terrestrial ecosystems and have figured largely
in empirical and macroecological studies (Damuth
1981Db, 1987; Peters & Raelson 1984; Brown & Maurer
1986, 1987, Maurer & Brown 1988; Lawton 1989,
1990; Nee et al. 1991; Silva & Downing 1995). They
are endothermic, and this is associated with high rates
of metabolism, foraging and activity. A wide variety
of allometric relationships have been described for
birds and mammals concerning metabolism (e.g.
McNab 1980, 1986; Nagy 1987), life history (e.g. Pagel
& Harvey 1988; Millar & Hickling 1991), home range
(e.g. Harestad & Bunnell 1979; Damuth 1981a; Hol-
ling 1992), and population density (e.g. Damuth 1987;
Brown & Maurer 1987; Silva & Downing 1995).
Although there are qualitative similarities between
mammal and bird allometry, so far the quantitative
differences between them have frequently been
ignored (cf. Greenwood et al. 1996). For example,
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mountain lions and elk have similar densities (Craig-
head et al. 1973; Seidensticker et al. 1973; Hemker,
Lindzey & Ackerman 1984; Wickstrom et al. 1984;
Delgiudice, Singer & Seal 1991) to those of golden
eagles and wild turkeys (Allen 1987; Kurzejeski, Van-
gilder & Lewis 1987, Watson, Rae & Stillman 1992).
In a recent study, Greenwood et al. (1996) found that
British mammals maintain higher population sizes
than those of birds of comparable size. These studies
suggest therefore that mammalian populations may
generally reach higher densities than those of birds of
the same body size class.

The relationship between density (D) and body
mass (M) has been the subject of an intense debate in
recent years (Damuth 1981b, 1987, 1991, 1993; Brown
& Maurer 1986, 1987; Lawton 1989, 1990; Blackburn
et al. 1990, 1993a, b; Cotgreave & Harvey 1992, 1994;
Cotgreave 1993; Currie 1993; Gaston et al. 1993;
Cotgreave & Stockley 1994; Blackburn & Gaston
1994; Gregory & Blackburn 1995; Silva & Downing
1995). Most of the discussion about this relationship
is focused on the difference between pooled data from
different communities and community studies. Studies
of pooled data from different communities suggest
that the relationship between D and M is linear
(Damuth 1981b, 1987, 1991; Peters & Raelson 1984;
Robinson & Redford 1986) or non-linear (Silva &
Downing 1995). With very few exceptions (Marquet,
Navarrete & Castilla 1990; Nee et al. 1991; Cotgreave
1995), however, studies of communities show tri-
angular or polygonal data clouds with no statistically
significant correlation between D and M or a weak
relationship with a slope closer to zero (Stork 1987,
Brown & Maurer 1987; Lawton 1989, 1990; Stork &
Blackburn 1993; Blackburn et al. 1993a; Cambefort
1994). Some studies have shown that the apparent
triangular shape of some D:M relationships in avian
and insect communities can result from sampling arti-
facts or from the range of M included in the study
(Blackburn et al. 1990; Currie 1993; Gaston et al.
1993; Silva & Downing 1995). Studies of pooled-data
from different communities have also been criticized
because they may underestimate the number of rare
and small-bodied species (Lawton 1989, 1990). Other
studies of the D:M relationship have been centred on
the methods used for the estimation of the allometric
exponent (e.g. Griffiths 1992) and on different mea-
sures of abundance (e.g. Damuth 1991; Gregory &
Blackburn 1995). More recent work has shown that
the phylogenetic relatedness of the species included in
the analyses may influence the relationship between
abundance and body size (Nee et al. 1991; Harvey &
Pagel 1991; Cotgreave & Harvey 1992, 1994;
Cotgreave 1994, 1995).

Although an interesting controversy, the above
debate has detracted attention from other important
issues. For example, several studies have investigated
the relationship between abundance and body size
in mammals and birds (e.g. Damuth 1981b, 1987,

1991, 1993; Juanes 1986; Brown & Maurer 1987; Carr-
ascal & Telleria 1991; Blackburn et al. 1990, 1993a, b;
Cotgreave & Harvey 1991, 1992, 1994; Nee et al. 1991;
Currie & Fritz 1993; Blackburn & Gaston 1994;
Cotgreave 1994, 1995; Silva & Downing 1995; Green-
wood et al. 1996), suggesting several unexpected
differences. First, there is a difference in the degree of
correlation between density and mass. Previous stud-
ies suggest that M is a very poor predictor of avian
density (r* from 0-18 to 0-35), while studies of mam-
mals suggest that M explains much more of the vari-
ance (r* from 0-54 0-64). Secondly, with few exceptions
(Nee et al. 1991; Cotgreave 1995), bird studies fail to
show that D declines with increasing M (Peters &
Wassenberg 1983; Juanes 1986; Brown & Maurer
1987; Carrascal & Telleria 1991), contrasting sharply
with studies of mammals in which the value of the
exponent is not significantly different from -0-75
(Damuth 1981b, 1987; Robinson & Redford 1986;
Currie & Fritz 1993; but see Peters & Raelson 1984).
Thirdly, mammalian and avian studies show different
exponents for the lower limits to density. Previous
avian studies have found that minimum density is
independent (Brown & Maurer 1987) or only weakly
related to M (Nee ef al. 1991; Pagel, Harvey & God-
fray 1991; Cotgreave & Harvey 1992) while in the
majority of the studies of mammals minimum density
clearly declines with increasing M (Peters & Raelson
1984; Damuth 1987; Currie & Fritz 1993; Silva &
Downing 1994, 1995). Some avian studies (e.g. Brown
& Maurer 1987) have been criticized, however,
because they include many species that are represented
by a single individual resulting from incomplete sam-
pling (Blackburn et al. 1990; Currie 1993; Gregory &
Blackburn 1995). Fourthly, birds and mammals reach
maximum densities at different M. For mammals,
some studies suggest that peak densities are at c¢. 100 g
(Brown & Maurer 1989; Silva & Downing 1995) and
at least one study suggests that maximum density is
reached at c¢. 1kg (Damuth 1993). Although some
avian studies (Brown & Maurer 1987; Maurer &
Brown 1988) show that maximum densities in North
American birds are reached at c. 30 g, in most studies
maximum densities are reached by the smallest birds
(e.g. Juanes 1986; Cotgreave 1994, 1995). On the other
hand, Blackburn et al. (1990) have pointed out that
maximum densities may be sampling artefacts that
result from more species in the size categories where
maximum densities are found.

Other ecological factors such as habitat, biogeo-
graphical area, phylogeny and reproduction could
also influence mammalian or avian densities (Peters
& Raelson 1984; Juanes 1986; Robinson & Redford
1986; Damuth 1987; Harvey & Pagel 1991; Nee et al.
1991). In particular, diet has been shown to constitute
an important factor influencing mammalian and avian
densities (Juanes 1986; Robinson & Redford 1986;
Damuth 1993; Silva & Downing 1995). Although the
same food habits can be found in both mammals and



