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ABSTRACT

Variation in dietary niche breadth among species is supposed to result from interactions within
communities, but also from phylogenetic conservatism as well as constraints set by other traits.
Here, we explore variation of dietary niche breadth across land birds occurring in Eastern
Germany in correlation with phylogeny and traits like distributional range size, abundance,
habitat range, body size, migratory behaviour and sexual dimorphism. First, we found a clear
indication of phylogenetic conservatism: about half of the variation in dietary niche breadth
across species was due to variation between families and genera. Habitat range, distributional
range size of species in Eastern Germany and abundance did not correlate with dietary
niche breadth. The significance of the correlation of dietary niche breadth with body size,
distributional range size of species in Europe and plumage dichromatism depends on the details
of the analyses. Nevertheless, even after controlling for phylogeny, we found robust correlations
of dietary niche breadth versus migratory behaviour as well as sexual size dimorphism: species
with a narrow dietary niche tend to be migratory and, in species with a broad dietary niche,
males tend to be larger than females.

Keywords: body size, distributional range size, habitat breadth, macroecology, migration,
sexual selection.

INTRODUCTION

Niche breadth is hypothesized to influence the abundance and distribution of species
(e.g. Brown, 1984). Hence, to understand the distribution of species within and across
communities, one needs information about the processes that influence the niche of species
across scale. The niche has two components: position and breadth. Niche position char-
acterizes which resources are used by a particular species, whereas niche breadth character-
izes the number of resources. Both aspects of the niche may depend on the ecological
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circumstances within a community, but also on constraints set by other traits (McLain,
1993) as well as phylogenetic conservatism (Sherry, 1984). Of course, the three explanations
are not mutually exclusive. Many studies have shown that the niche position as well as the
niche breadth of a particular species may vary across season as well as across habitats
(e.g. Wiens, 1992: 327-333). Here, we ignore ecology and concentrate on the variation of
niche breadth across bird species in correlation with phylogeny and with other traits that
may constrain niche breadth or which may be influenced by niche breadth.

Within a scenario of evolutionary conservatism of niche breadth, one would expect
taxonomy to explain a considerable part of the variation of niche breadth across species.
Furthermore, general constraints will generate correlations between niche breadth
and other traits. However, if traits also show some kind of phylogenetic conservatism,
correlations of niche breadth versus other traits may appear when species are used as
independent data points (Felsenstein, 1985; Harvey and Pagel, 1991). For example, Nee
et al. (1991) found that the negative relationship between abundance and body mass
in British birds resulted only from differences between passerines, which tend to be
small-bodied and common, and non-passerines, which tend to be large-bodied and rare.
Within each group, there was no relationship. Although ecological and behavioural traits
in birds show little phylogenetic conservatism, the phylogenetic conservatism of certain
life-history traits may be strong (e.g. Bohning-Gaese and Oberrath, 1999). Hence, if niche
breadth has an important phylogenetic component, it is necessary to include phylogeny to
evaluate correlations between niche breadth and other traits.

In our analysis here of niche breadth across land birds occurring in Eastern Germany, we
consider the following traits and associated hypotheses:

1. Distributional range size, abundance and habitat niche breadth. Birds that are more
widely distributed, that are more common or that use more habitats may come across
more resource items. This suggests positive correlations between dietary niche breadth and
distributional range size, abundance and habitat niche breadth. Furthermore, abundance
may be used as a sort of control variable. Abundant species may be investigated more often
by ornithologists and, with an increasing number of investigations, the number of recorded
dietary items may also increase (Gaston and Blackburn, 2000). If this sampling effect
is important within a considered data set, a correlation between dietary niche breadth
and abundance should appear. Furthermore, as abundance and distribution are often
correlated, the sampling effect may also lead to a correlation between dietary niche breadth
and distributional range size.

2. Body size. Smaller birds are constrained to handle small resource items, whereas larger
species are able to handle large and small items. Thus, one would expect the number of
dietary items exploited by a species to increase with increasing body size (e.g. Lack, 1946;
Wiens, 1992; Gaston et al., 1997).

3. Migratory behaviour. Non-migratory birds have to tolerate harsh environmental
conditions. Species with a broad dietary niche breadth should be able to tolerate such
conditions; species with a narrow dietary niche breadth are forced to leave when the
environmental circumstances deteriorate. Hence, the dietary niche may influence migratory
behaviour.

4. Sexual selection. 1t has been hypothesized that secondary sexual traits are costly.
Therefore, the allocation of energy to such traits may result in a reduced investment in traits
associated with growth and maintenance (McLain, 1991, 1993; Winemiller, 1992; Paton
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et al., 1994; Badyaev, 1997, Badyaev and Ghalambor, 1998). If this is the case, one may
speculate that sexually selected species (e.g. species with pronounced plumage dichromatism
and size dimorphism, with males larger than females; Andersson, 1994) should be restricted
to areas with more favourable environmental conditions (e.g. Badyaev and Ghalambor,
1998) and/or species should use more resources.

METHODS

Data sources

Overall, we collected data for 142 land bird species which occur in Eastern Germany. If not
noted otherwise, the data were compiled from Bezzel (1985, 1993), Cramp and Simmons
(1977, 1980, 1983), Cramp (1985, 1988, 1992) and Cramp and Perrins (1993). The dietary
niche breadth of 139 bird species (for three species we were unable to collect sufficient data
about their diet) was estimated as the proportion of feeding resources exploited by a species
(maximum = 22 feeding resource categories: plants, water-plants, grasses, seeds, berries,
insects, flying insects, water insects, soil-living insects, spiders, slugs, worms, mussels,
crustaceans, fishes, amphibians, reptiles, birds, eggs, mammals, carrion, others). Note that
these categories also reflect the different habitat types in which the items occur. Never-
theless, one could argue that dietary niche breadth and thus our results are likely to depend
on how species diets are categorized. Thus, we tried a second approach, where we simplified
the categorizations of the food items. For this simplified measure of dietary niche breadth,
we used only five categories: plants (plants, water-plants, grasses, seeds, berries), articulates
(insects, flying insects, water insects, soil-living insects, spiders, worms, crustaceans),
molluscs (mussels, slugs), vertebrates (fishes, amphibians, reptiles, birds, eggs, mammals,
carrion) and others. Before all statistical analyses, the two measures of dietary niche breadth
were arcsine square root transformed. The detailed and simplified measures of dietary niche
breadth were correlated (species as independent data points; n =139, r=0.75, P <0.001).
We present here the results for land birds only, since it is unclear whether the niche breadth,
density and abundance of species utilizing marine or freshwater ecosystems are comparable
with those of species living in terrestrial ecosystems (e.g. Blackburn et al., 1996).

The distributional range size of species in Eastern Germany was estimated from the maps
of breeding records given in Nicolai (1993). We counted the number of occupied 11 x 11 km
grids. The distributional range of species on the European scale was estimated roughly
using the overview maps published by Nicolai (1993). We overlaid the maps with an
arbitrary grid system, each grid approximately 250 x 250 km. Subsequently, we counted for
each species the number of occupied grids (maximum = 295 grids which cover some land
area). A grid was counted as occupied when at least touched by the distribution. Both
measurements of distributional range size were arcsine square root transformed. The two
measures of distributional range size were correlated (Table 1).

Abundances of species in Eastern Germany were taken from Nicolai (1993). However,
abundance was estimated by including in some way the distributional range size. Therefore,
the estimate of the distributional range size and abundance in Eastern Germany are
not independent and the tight correlation between the two parameters is not surprising
(Table 1).

Habitat niche breadth was estimated as the proportion of breeding habitats utilized by
a species (maximum =8 habitat types: salt-water, coastal land, heather land, rocks,
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hedges and woodland, moors and fens, farmland, urban areas). Again, before all statistical
analyses, habitat niche breadth was arcsine square root transformed. For alternatives
to estimate niche breadth using multivariate statistics, see Gregory and Gaston (2000).
However, when we used multivariate analysis, we found no difference to the patterns
generated by the present approach. Furthermore, it is not a straightforward task to use the
multivariate measure of niche breadth in a phylogenetically controlled analysis.

Body size was measured as the midpoint between male and female weight (in grams). In
cases when a range was reported, we used the midpoint. To reduce skewness for statistical
analyses, we log,,-transformed the body size data.

The migratory behaviour of birds was classified in three categories using additional
information given by Jonsson (1992) and Bohning-Gaese and Bauer (1996): 1 = resident,
2 = short-distance migrant (wintering in the Mediterranean region) and 3 = long-distance
migrant (wintering south of the Sahara) (see also Bohning-Gaese and Oberrath, 1999).
Thus, with an increase in this index, the tendency for migration increases. We handled the
index as a continuous variable in all our statistical analyses.

Plumage dichromatism was estimated from illustrations of males and females in Jonsson
(1992). Following Badyaev (1997; see also Prinzing et al., 2002), we recorded plumage
dichromatism for three body regions: rump, breast and head. Dichromatism was recorded
for each body region as follows: 0 = no dichromatism, 1 = little dichromatism, 2 = moderate
dichromatism and 3 = pronounced dichromatism (see also Irwin, 1994). A total plumage
dichromatism index was then calculated as the mean score for the three body regions.
To compare sexual size dimorphism in body size across a wide range of body sizes, we
scaled dimorphism in body size by the average body size of both sexes. We calculated body
size dimorphism as male weight minus female weight divided by the average weight. Again,
in cases when a range was reported, we used the midpoints of the range. Negative values
indicate that females are larger than males, positive values that males are larger than
females.

To indicate the relationships among the selected independent variables, correlation
coefficients are presented in Table 1.

Data analysis

To estimate ecological conservatism, we used nested analyses of variance with taxonomic
categories (species within a genera, genera within families and families within orders).
We estimated the variance components by restricted maximum likelihood (see also Prinzing
etal.,2001).

For the analyses of the correlations of niche breadth to other traits, we conducted a
cross-species approach, using species as independent data points and a phylogenetically
controlled approach with phylogenetic independent contrasts (see Pagel, 1992; CAIC
package, Purvis and Rambaut, 1995). To construct our bird phylogeny, we used the
phylogeny suggested by Sibley and Ahlquist (1990). Although this phylogeny has been
criticized (e.g. Sarich et al., 1989; Harshman, 1994), it is currently the most comprehensive.
However, it is unclear whether the given branch lengths are meaningful in the context of
comparative studies (Gill and Sheldon 1991; Martins and Garland, 1991; Harshman, 1994).
Some authors found no effects of branch lengths on the results of their phylogenetic
analysis (Brandl ez al., 1994; Blackburn et al., 1996). Therefore, we set all branch lengths to
be equal. For all calculations, we treated variables as continuous.
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From the assumptions incorporated into the calculation of contrasts, it follows that the
magnitude and sign of the standardized phylogenetic independent contrasts should be
independent of the estimated value of the character at the node of the phylogenetic tree at
which the contrast was taken (Purvis and Rambaut, 1995; Freckleton, 2000). We checked
this for our variables by regressing the phylogenetic independent contrasts against the
estimated nodal values (Purvis and Rambaut, 1995). For most variables, except for sexual
dimorphism and body size, we found no significant correlations (P > 0.05). The significant
correlation with body size became less pronounced with a double logarithmic transform-
ation, which we used in our subsequent analyses.

To test for univariate relationships, we used least squares regression. Regressions on
phylogenetic independent contrasts were calculated with an intercept of zero (Felsenstein,
1985). For a multivariate evaluation of the patterns, we applied standard multiple
regressions, entering all independent variables simultaneously into the regression equation.
Thus, the effect of each independent variable was estimated after controlling for the effect
of all other independent variables. Macroecological hypotheses, however, are always rather
complex and patterns are confounded by complex interrelationships between independent
variables. Multivariate techniques such as stepwise procedures, which search for a single
model, are not always appropriate to describe these patterns (MacNally, 2000). To evaluate
the independent effect of all independent variables, we supplemented our multiple
regression analyses with hierarchical partitioning, a recently developed technique (Chevan
and Sutherland, 1991). The aim of hierarchical partitioning is neither to identify a single
model nor generate a predictive equation. Rather, all possible regression models are evalu-
ated to estimate the average independent effect of variables on the dependent variable
(MacNally, 2000). Sometimes important effects of one independent variable can be
suppressed by antagonistic effects of another variable. Multiple partitioning is designed
for such scenarios and antagonistic effects are converted into negative joint contributions.
This unmasks the contributions of each independent variable effectively, which can be
larger than the univariate squared partial correlation (Chevan and Sutherland, 1991). All
statistical analyses were computed using the STATISTICA Ver. 5.1 statistical software
package (Statsoft Inc., 1995).

RESULTS

Niche breadth varied between 1 and 14 dietary items (detailed measure). Species with
broad dietary niches include most of the Corvidae (e.g. Corvus coronne and C. monedula).
Species with the most narrow niche belong to the Sylviidae (e.g. Locustella naevia). Niche
breadth, as well as all other traits included in our study, showed considerable phylogenetic
conservatism (Table 2).

In our cross-species analysis, the detailed measure of niche breadth showed no significant
univariate correlations with distributional range size in Germany, distributional range size
in Europe, abundance in Germany or habitat breadth (Table 3). When controlling for
phylogenetic relatedness, only distributional range size in Germany and abundance in
Germany reached significance (Table 3, Fig. 1a,b). The simplified measure of niche breadth
generated similar results (Table 3).

Using the detailed measure of niche breadth (cross-species or phylogenetic independent
contrasts), we found a strong positive relationship between dietary niche breadth and body
size (Table 3, Fig. 1c). Small species tend to have narrower dietary niche breadths, whereas
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Table 2. Variance components (% of total variance) across taxonomic levels for dietary niche
breadth, distributional range size in Eastern Germany, distributional range size in Europe,
abundance in Eastern Germany, habitat niche breadth, body size, migratory behaviour,
plumage dichromatism and size dimorphism

Variable Order Family Genus Species
Dietary niche breadth (simplified) 0 44.0 234 32.6
Dietary niche breadth (detailed) 0 35.8 34.8 29.4
Range size in Eastern Germany 16.5 0 0.1 834
Range size in Europe 0 53 0 94.7
Abundance 29.3 0 7.5 63.2
Habitat niche breadth 0 0 13.0 87.0
Body size 50.5 27.8 15.6 6.1
Migratory behaviour 0 31.8 22.3 45.9
Plumage dichromatism 0 13.8 45.7 40.5
Size dimorphism 62.6 4.5 20.6 12.3

larger species tend to have a broader dietary niche breadth. Using the simplified measure,
the positive relationship between dietary niche breadth and body size still held when species
were used as independent data points. But when using phylogenetic independent contrasts,
the relationship was only marginally significant (Table 3).

Independent of the analysis (detailed or simplified measure of niche breadth, cross-
species or phylogenetic independent contrasts), migratory behaviour was significantly
correlated with dietary niche breadth. Non-migratory species tend to have a broader
dietary niche breadth than migratory species (Table 3, Fig. 1d). Independent of the type of
analysis (detailed or simplified measure of niche breadth, cross-species or phylogenetic
independent contrasts), plumage dichromatism showed no significant relationship with
dietary niche breadth (Table 3, Fig. le). Across all approaches, however, the correl-
ation between dietary niche breadth and sexual size dimorphism was significant (Table 3,
Fig. 1f). Species in which males are larger than females tend to have a broader dietary
niche breadth.

When using the detailed measure of niche breadth and species as independent data
points, migratory behaviour, body size and size dimorphism appeared to have significant
effects on dietary niche breadth using the multiple regression approach (Table 4a). Judged
by the standardized regression coefficients, body size was the most important independent
variable. The signs of the standardized regression coefficients indicated that (1) larger
species tend to utilize more items than smaller species, (2) resident species use more items
than migratory species and (3) species with larger males tend to have a broader niche than
species with a reversed size dimorphism. Using phylogenetic independent contrasts, these
relationships appeared to be robust (Table 4b). However, distributional range size in Europe
also reached significance, indicating that widely distributed species tend to have a broader
dietary niche breadth than geographically restricted species. Note that, according to the
standardized regression coefficients, the importance of body size declined, whereas size
dimorphism became the most important independent variable. Hierarchical partitioning
supported the results of multiple regressions (Fig. 2a,c). Note also that the results were
obtained after controlling for possible effects of abundance. As abundance may be regarded



(10000=d ‘T6'0="1:5I1SBNUO0D {]()'0 =4 ‘€80 = '/ ‘BIEP MBI) AINSLIW PI[ILIdP Y} JO
3501} 03 pAre[ar A[9s0[0 a1k danseawr payrdwrs oy Jo sINSAI YL (2000 =d ‘16°0 = 4 :ommseaws payrduiis g0’ =d ‘6L°0 = 4 :YIPLAIQ dYIIU AIRJIIP JO INSBIW PI[IeIIP)
sisenjuod Juapuadopur onouago[Ayd 2y} Jo 2501} 03 PIJL[2I A[9SO[D IB SJUDIJJA0D UOTB[AII0D $2199dS-5S0ID) '1°0 > d (%) ‘S0°0 > d % ‘100> dsx ‘10070 > d sexex "(SALI0897BI G)
[IpeaIq aydru A1ejarp jo arnseawr payrduwis = PUNSG N (sa11080180 77) YIPBIQ SUdIU AIRISIP JO QINSBAWL PA[IRISp =PI PN 'JX0) 998 ‘S[IBIOP IOYNy 104 (90N

#%x9€°0 w35x0P"0 98 #xx9€70 «0T°0 6¢l wsrydrowp oz1g
80°0— 10°0 98 60°0— 00— 6¢l WISIIEWOIYOIp agewn|d
#x6C°0— «9C°0— 98 #x€C° 0~ w5 CE 0~ 6¢l INOTABYaq A10JRISIIA
910 #%45€°0 98 «0C°0 #xxPS0 6¢l azis Apog
70°0— 80°0 98 S00— 10°0 6¢l Yipealq aydtu jeliqey
() 61°0 +ST'0 98 v0°0 01°0 6€1 souepuUNqy
LO0 91°0 98 00— 700 6¢l odoing ur az1s oury
() 020 *SC0 98 000 S00— 6¢l Auewrion g ur ozis dgury
V] A u A A u so[qerrea juopuadapuy

Ec_a:__wm— N E_E%m N Eiaa_mm— N E_E%m— N

sysenuo)) (q) sorads-ssox) (8)
qIpeaIq Auyoru A1e1d1q

s)senuod judpuadopur onduadofAyd
(q) ‘saroads-sso1d () swsiydrowp AzIs [enxas pue wsnewoIydrp ddewn|d anoraeyaq A103eISIw 9zis Apoq ‘YIpearq dYdIu jeiiqey ‘AuULuLIdn
uI9)seq ur souepunqge ‘@doIng ur 9zIs dFuel [UONINGLISIP ‘AUBULIIN) UIISBH UI 9ZIs 9FURI [BUONINGLIISIP SNSIdA Y)PBIQ YOIU AIRIAIP pIIg °€ dqEL



Dietary niche breadth for European birds 651

0.2
0.1
0.0 -
-0.1 ~ .
O ©
'0-2 i T T T T L} 1 I I
00 0.2 04 06 0.8 0.0 05 1.0 15 20 25
Range size Abundance
0.2
© C o d
&)

e
-
i

]

Dietary niche breadth
(=]
o
1

-0.1 -
o
'0.2 T T ] T T I
000 004 008 0.0 05 1.0 1.5
Body size Migratory behaviour
0.2
€] e
0.1 © -
0.0 —
0.1 ’ -
o 3]
-0.2 T T T T T T
0.0 0.5 1.0 1.5 000 004 0.08
Plumage dichromatism Size dimorphism

Fig. 1. Phylogenetic independent contrasts of dietary niche breadth versus (a) contrasts of the
distributional range size of species across eastern Germany, (b) contrasts across species abundance
in eastern Germany, (c) contrasts of body size, (d) contrasts of migratory behaviour, (e) contrasts of
plumage dichromatism and (f) contrasts of sexual size dimorphism. The results of the detailed
measure of dietary niche breadth are shown. Regression lines indicate significant relationships. Note
that regressions are calculated with an intercept of zero. For statistics, see Table 2.

as a control variable for sampling, this underlines the fact that, in our analysis, sampling
effects were of little importance.

When using the simplified measure of niche breadth and species as independent data
points, migratory behaviour, body size and size dimorphism appeared to be significant using
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Table 4. Summary table of four multiple regression models with dietary niche breadth as the
independent variable: (a) cross-species, (b) phylogenetic independent contrasts

Dietary niche breadth
(a) Cross-species (b) Contrasts

NBdeu\iled NBsimpliﬁed NBdelailed NBsimpliﬁed
Independent variables (beta) (beta) (beta) (beta)
Range size in E. Germany —-0.03 -0.18 -0.28 -0.18
Range size in Europe 0.10 0.03 0.22 (*) 0.08
Abundance 0.08 0.23 0.29 0.31
Habitat niche breadth 0.01 0.00 -0.13 -0.03
Body size 0.60 *** 0.28 ** 0.21 * 0.02
Migratory behaviour -0.14 (%) -0.15 (%) —0.26 ** —0.30 **
Plumage dichromatism —-0.05 -0.10 -0.13 —0.28 **
Size dimorphism 0.32 *** 0.39 *** 0.41 *** 0.35 ***
R 0.43 0.24 0.39 0.29

Note: All independent variables were entered simultaneously into the regression equation. The standardized
regression coefficients (beta) and the cumulative explained variance of the models are also shown. ***P < 0.001,
**P<0.01, *P<0.05, (*)P<0.1. NBgieq =detailed measure of dietary niche breadth (22 categories),
NB,,,piifca = simplified measure of dietary niche breadth (5 categories). Significant standardized regression
coefficients in bold. Note that regressions on contrasts were calculated with an intercept of zero.

the multiple regression (Table 4a). The signs of the standardized regression coefficients
showed the same directions of the influence of these variables as in the analysis of the
detailed measure of dietary niche breadth. Using phylogenetic independent contrasts,
these relationships appeared to be robust (Table 4b). However, body size failed to show a
significant relationship with dietary niche breadth and plumage dichromatism reached
significance. The sign of the latter relationship implies that species with plumage
dichromatism tend to have a smaller dietary niche breadth, which is contrary to the
expectation detailed in the Introduction. Again, the hierarchical partitioning of effects
supported the results of the multiple regressions (Fig. 2b,d).

DISCUSSION

At the beginning of this discussion, we wish to make clear the drawbacks of the study. First,
we could not quantify the utilization of different types of diets. All resource items utilized
by a species were given equal weight; clearly, this is unrealistic. A species that uses several
types of diet may nevertheless specialize on one of them. Second, we could not take into
account changes in dietary niche breadth among seasons or across the year (Wiens, 1992:
327-333). However, no knowledge of changes during the nestling season may be of minor
importance: Kaczmarek et al. (1981) and Flinks and Pfeifer (1987) showed that, during the
breeding season, adults use the same diet as they feed to their nestlings. Third, we had to
ignore the complexities of scale. It is well known that dietary niche breadth varies across
temporal and spatial scales (see references in Wiens, 1992). Species that are specialists at a
local scale may be generalists across their whole distributional range. As we compiled
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Fig. 2. Summary of the results of four separate hierarchical partitions, showing the importance
of variables for the dietary niche breadth of land birds. Upper graphs depict the results of the raw
data, while lower graphs depict the results of the contrasts. (a) and (c) detailed measure of dietary
niche breadth, (b) and (d) simplified measure of dietary niche breadth. Black bars independent
contributions, grey bars joint effects. For further explanation, see text.

information from published accounts, our data on dietary niche breadth may capture the
general picture on a larger scale. Fourth, we were unable to take into account the availability
of resources. Low availability of the preferred food source may force a species to increase its
dietary niche breadth (Schoener, 1965). However, as already noted, we were only concerned
with the very general and basic relationships and variations in resource availability may be
of minor importance.

Despite these restrictions, we first found that dietary niche breadth has a considerable
phylogenetic component at the level of the family as well as that of the genus. We found no
variation across orders. Second, the traits considered accounted for 30-40% of the total
variance in dietary niche breadth. The results differed only marginally between analyses
of species and analyses of phylogenetically independent contrasts. Thus, phylogenetic
conservatism appears to be of minor importance in generating the correlations. Note that
we dealt with niche breadth. For the position of the niche, the influence of phylogeny may
be very different; for example, most raptors feed predominantly on vertebrates and most
finches on seeds. Third, abundance had little effect on our measure of niche breadth and
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thus our results appear not to be due to sampling effects. This is not really surprising within
the present context. Bird watchers often concentrate on rare species and report interesting
observations that find their way into handbooks. Even for rare species, the information on
diet may be rather complete.

In retrospect, it is also unsurprising that we found no robust relationship between our
niche breadth data and distributional range size or habitat range. The resource categories
used to estimate dietary niche breadth are very general and do not include detailed
systematic categories: insects and plants occur everywhere and the distribution of a
species should have little influence on its chance of coming across a plant item or an insect.
Furthermore, our analyses provide no support for the classic niche hypothesis of Brown
(1984); that is, a broad dietary niche does not allow species to have large distributional
ranges.

We found weak evidence for a positive relationship between body size and dietary niche
breadth. In our analyses, the strength of the relationship depended somewhat on the type of
niche breadth categorization used. Of course, when using the simplified measure of dietary
niche breadth, we ignore information. One could argue that a detailed categorization may
result in a relationship between body size and dietary niche breadth when the categorization
between size classes is asymmetric: more classes for large items versus few classes for small
items. However, at least among animal prey, the detailed categorization used during the
present analyses was not asymmetric. Invertebrates that are small were subdivided into nine
categories and vertebrates into seven (see Methods).

Most studies of the correlation of body size with dietary niche breadth have focused on
the host range of insects (beetles: Basset et al., 1994; Novotny and Basset, 1999; true bugs:
Bréndle et al., 2000; butterflies and moths: see summary in Loder et al., 1998). Among
vertebrates, such a relationship has been documented for mammals (antelopes: Jarman,
1974; forest mammals: Robinson and Redford, 1986; monkeys: Rosenberger, 1992) and for
predatory species in general (Marti et al., 1993). Only a few studies of the correlation
between body size and dietary niche breadth have been published for birds. These few
studies are either restricted to comparisons within a single species or comparisons across
few species (e.g. Schoener, 1965; Schluter and Grant, 1984; Brandl et al., 1994). Further-
more, the results of these studies were not consistent. Schluter and Grant (1984) studied
Darwin finches and found that large species use small and large seeds, whereas small species
are restricted to small seeds. In contrast, Brandl ef al. (1994) found no relationship between
body size and dietary niche breadth across a few insectivorous non-passerine species.

Gaston (1994) argued that there may be no direct causal relationship between body size
and niche breadth. Instead, body size may be a proxy for those morphological, physio-
logical or ecological traits that have a direct effect on dietary niche breadth. Nevertheless, in
an approach analysing species from several grams to several kilograms, the hypothesis that
the positive correlation of niche breadth with body size is a result of mechanical constraints
appears to be unconvincing. A further facet of the biomechanical explanation has been
suggested by Schoener (1965). Large species are able to use large food items (e.g. Lack,
1946), but large food items are often scarce. Thus, large species may be forced to use small
food items. Our analysis provides no possibility for exploring this hypothesis in more detail.

Across all our approaches (detailed or simple categorization, cross-species or phylo-
genetic independent contrasts), we found clear support for the idea that migratory species
have a smaller dietary niche breadth than non-migratory species. Contrary to the arguments
outlined in the Introduction, one might predict that migratory species should use all
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available resources to cover the increased energy demands during migration (e.g. Bauer and
Berthold, 1996). Hence, migratory bird species should show a broader dietary niche
breadth. In fact, Sherry (1984) found that migratory tyrannids forage more opportunistic-
ally in Costa Rica than syntopic residents. As already noted, we did not analyse shifts in the
niche breadth within species, but the very general relationships across species. Thus, our
results favour the idea that a narrow dietary niche breadth (determined by other traits)
forces species to leave an area when the conditions become unfavourable: a bird species that
feeds only on insects has no chance of surviving the winter.

We found no relationship between plumage dichromatism and niche breadth, but a robust
relationship between size dimorphism and niche breadth. Species in which males are larger
than females used more types of resource items than species in which females are larger
than males. We are unsure about the interpretation of this pattern. Size differences between
males and females may be due to resource partitioning between the sexes. But why only
when males are larger than females? This issue requires more detailed investigations.
Badyaev and Ghalambor (1998) correlated altitudinal niche breadth of cardueline finches
with their plumage dichromatism. Contrary to their expectations, they found that
dimorphic species had a broader niche than monomorphic species. At present, there is little
evidence for the hypothesis that sexual selection reduces the niche breadth or ecological
plasticity of species (see Prinzing et al., 2002).

Overall, our results suggest robust correlations of dietary niche breadth with migratory
behaviour and size dimorphism. Hence, the variation in dietary niche breadth across species
is not only the outcome of phylogenetic relationships, but is constrained by other traits as
well.
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