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Abstract.—Examinations of variation in plumage dichromatism in birds have focused on male plumage brightness and
largely neglected variation in female plumage brightness. Nest predation previously was concluded to constrain male
brightness and thereby reduce dimorphism in ground-nesting birds based on an incorrect assumption that nest predation
is greater for ground nests. Correlations of plumage brightness and dichromatism with nest predation have never been
tested directly and we do so here with data for warblers (Parulinae) and finches (Carduelinae). We show that male
plumage brightness varies among nest heights, but in a pattern that is not correlated with nest predation. Female
plumage brightness also varies among nest heights, but in a pattern that differs from males, and one in which variation
in female plumage brightness was negatively correlated with nest predation. These results suggest that nest predation
may place greater constraints on female than male plumage brightness, at least in taxa where only females incubate
eggs and brood young. These results also show that female plumage patterns vary at least partly independently of
male patterns and emphasize the need to include consideration of both female and male plumage variation in tests of
plumage dimorphism. Plumage dimorphism differs between ground and off-ground nesters as previously described
and, if anything, the relationship between plumage dimorphism and nest predation was positive rather than negative

as previously argued.
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Sexual dichromatism in birds is generally thought to arise
from sexual selection favoring conspicuous coloration in
males, although natural selection (e.g., predation) is thought
to ultimately limit conspicuousness (Darwin 1871; Fisher
1930; Hingston 1933; Kodric-Brown and Brown 1984; Kirk-
patrick et al. 1990; Promislow et al. 1992, 1994; Andersson
1994). Alternatively, bright coloration may be favored by
predation because it advertises that a prey is unprofitable
(Cott 1947; Baker and Parker 1979; Gotmark 1992, 1993,
1995; but see Slagsvold et al. 1995). In both cases, studies
of the evolution of dichromatism have focused largely on
factors affecting variation in male coloration. Female col-
oration has been neglected because females are generally
cryptic whereas male coloration is more variable (Irwin
1994). Greater crypsis in females is thought to be favored
because bright colors potentially attract nest predators (Wal-
lace 1889). Yet, variation in social competition or mate choice
by males can favor variation in female brightness and influ-
ence dichromatism (e.g., Payne 1984; Trail 1990; Hill 1993;
Irwin 1994). If nest predation constrains brightness (i.e., Wal-
lace 1889; Baker and Parker 1979; Shutler and Weatherhead
1990; Johnson 1991), female brightness should vary with nest
predation particularly in species where only the female in-
cubates eggs and brood young. In contrast, male brightness
may not vary as strongly with nest predation because of their
reduced time at the nest. Thus, nest predation may cause
variation in female brightness that can contribute to variation
in sexual dichromatism independent of males.

More concealed nest sites are thought to allow more con-
spicuous coloration potentially because risk of nest predation
is reduced (Wallace 1889; Baker and Parker 1979), but such
arguments have been based largely on comparisons of hole-
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nesting birds with open nesters without directly testing re-
lationships with nest predation. Similarly, nest predation has
been argued to constrain male brightness and sexual dichro-
matism based on observations that dichromatism is reduced
for ground-nesting birds compared to off-ground nesters and
an assumption that nest predation is greater for ground-nest-
ing birds (Shutler and Weatherhead 1990, Johnson 1991).
Again, direct tests of relationships with nest predation are
lacking and the assumption that ground-nesting birds have
higher nest predation than off-ground nesters is not correct
as a general rule (Martin 1993). Nest predation was less for
ground nesters than off-ground nesters in general (Martin
1993, 1995) and given that plumage dimorphism is reduced
for ground nesters (Shutler and Weatherhead 1990; Johnson
1991), sexual dichromatism may be positively correlated with
nest predation rather than negatively correlated as long as-
sumed. On the other hand, nest predation does not simply
differ between ground and off-ground nests, but instead var-
ies in a parabolic relationship with nest height; nest predation
is greatest for shrub-nesting birds and less for ground and
canopy nests (Martin 1993, 1995). If plumage brightness is
influenced by nest predation, then brightness should also vary
in a parabolic relationship with nest height, but in the op-
posite direction.

We examine the relative contribution of male versus female
plumage brightness to plumage dichromatism and all three
characteristics (female brightness, male brightness, sexual
dichromatism) relative to variation in measured rates of nest
predation and nest height. We examine these relationships
for wood warblers (Parulinae) and finches (Carduelinae) be-
cause these two groups represent the largest groups with sub-
stantial nest height variation. These groups also are species
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where only females incubate eggs and brood young. In ad-
dition, warblers were the focus of earlier studies (Shutler and
Weatherhead 1990).

METHODS

Plumage brightness was assessed by two persons, unaware
of the questions being investigated, from illustrations of
males and females in Clement et al. (1993) and National
Geographical Society (1983). The overall brightness of each
sex was scored on a scale from 1 to 6 (after Hamilton and
Zuk 1982). Sexual dimorphism in plumage brightness was
computed by subtracting the mean female score from the
mean male score (e.g., Mgller and Birkhead 1994). Mean
interscorer values were used in analyses. There was a strong
positive correlation between scorers for brightness scores
(males: Spearman r = 0.83, P < 0.0001, females: Spearman
r = 0.62, P < 0.0001). Mean scores are presented in Ap-
pendix.

Estimates of nesting failure due to predation were obtained
from as many studies of warblers and finches as could be
found in the literature and summarized in Appendix. Ref-
erences for data are provided in Martin (1995) and Cramp
and Perrins (1994). Predation rates are reported on a per nest
basis because of possible biases in determining causes of
partial brood losses and because predation usually causes loss
of the entire brood (Lack 1954; Nice 1957; Ricklefs 1969;
Nilsson 1984; Mgller 1989). Species were assigned to one
of three general nest heights (ground, shrub, subcanopy/can-
opy). Nests were classified as ground nests if on the ground,
shrub nests if off the ground but generally < 3 m high and
as subcanopy/canopy nests if higher. Most species only used
a single nest height, but some species were more variable
and potentially added statistical noise to analyses. All per-
centage data were arcsine transformed for statistical analyses.

Data were first analyzed using nested analysis of variance
(ANOVA), where nest height was nested within taxonomic
family to examine differences in nest predation, plumage
brightness, and dimorphism among nest heights. Post-hoc
tests of differences among nest heights were conducted using
Duncan’s multiple range test.

Phylogenetic relationships potentially create a problem of
statistical nonindependence among species (Felsenstein
1985; Grafen 1989; Harvey and Pagel 1991; Martins and
Garland 1991). To control for possible phylogenetic effects,
all data were analyzed using the independent contrast method
of Felsenstein (1985) and incorporating the methods of Purvis
and Garland (1993) for incompletely resolved phylogenies,
based on the software described by Purvis and Rambaut
(1995). This approach uses the full phylogenetic information
at all taxonomic levels. The phylogenetic hypotheses are de-
scribed in Martin (1995), Martin and Clobert (1996) and Bad-
yaev (in review) and were constructed based on the most
recent information available. We did not have consistent es-
timates of branch lengths because data came from studies
using different methods. As a result, branch lengths were set
as equal, reflecting a speciational model (see Garland et al.
1993), and also estimated using techniques described by Gra-
fen (1989) and Pagel (1992). Analyses using these differing
branch length estimates yielded equivalent results in terms
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of statistical significance, but examination of branch length
diagnostics (see Garland et al. 1992) indicated that equal
branch lengths were the most appropriate; absolute values of
contrasts were not related (P > 0.05) to their standard de-
viations when branch lengths were set as equal. All rela-
tionships examined using independent contrasts were re-
gressions where the regression line was forced through the
origin (see Garland et al. 1992). Regression models were used
on the phylogenetically transformed data (independent con-
trasts) to conduct analysis of variance (ANOVAs) or analysis
of covariance (ANCOVAs). The main effect (nest height) was
tested by creating n — 1 (= 2) dummy variables and these
dummy variables were phylogenetically transformed. Statis-
tical significance of nest height was tested by the cumulative
change in sums of squares when these dummy variables were
entered as a group (see Martin 1995; Martin and Clobert
1996). Post-hoc tests of differences were conducted using
Duncan’s multiple range test. Male plumage brightness gen-
erally varies more than female brightness and female and
male brightness are thought to be genetically correlated
(Lande 1980; Andersson 1994); indeed, male and female
brightness were correlated (see results). As a result, male
plumage brightness may constrain independent evolution in
female brightness and such constraints were examined by
using male brightness as a covariate to control its effects on
variation in female plumage brightness. Finches and warblers
showed the same relationships among nest heights and with
nest predation for female, male, and dimorphism in plumage
brightness. Thus, finches and warblers were pooled for all
analyses presented here to increase statistical power.

RESULTS

When nest height was nested within taxonomic family, nest
predation differed among nest heights (F = 6.9, P = 0.003,
n = 35) in a parabolic relationship (Fig. 1A), where shrub
nests had greater nest predation than both ground and canopy
nests and canopy nests had greater nest predation than ground
nests (P < 0.05, Duncan’s test). When phylogenetic effects
were controlled using independent contrasts, nest predation
still differed among nest heights (F = 14.7, P < 0.0001, n
= 33) in a parabolic relationship (Fig. 2A) where nest pre-
dation was greater for shrub nesters than ground and canopy
nesters (P < 0.05, Duncan’s test), but the latter two groups
did not differ from each other (P > 0.05, Duncan’s test).

Untransformed female plumage brightness differed among
nest heights (nest height nested within taxonomic family
ANOVA: F = 10.6, P < 0.0001, n = 110) in a parabolic
relationship that was opposite that of nest predation; canopy
nesters were brighter than ground or shrub nesters (P < 0.05,
Duncan’s test), but with the latter two barely not differing
from each other (P > 0.05, Duncan’s Test; Fig. 1B). Inde-
pendent contrasts in female plumage brightness showed a
similar parabolic difference among nest heights (F = 6.6, P
= 0.002, n = 91; Fig. 2B); brightness of ground and shrub
nesters was less than for canopy nesters (P < 0.05, Duncan’s
test), but the ground and shrub nesters did not differ from
each other (P > 0.05, Duncan’s test). When female brightness
was controlled for male brightness, the residual variation in
female brightness also differed parabolically among nest



