
In his theory of sexual selection, Darwin
(1871) attributed the evolution ofsecondary
sexual characters to the advantages they
provide their bearers in the competition to
mate. Although sexual selection is now
widely accepted as the process underlying
the evolution of sexual dimorphism, much
remains at issue regarding the specific
mechanisms involved in that process (Par­
tridge and Harvey, 1986). Here we address
the question of whether sexual selection is
predictable in the trait(s) that it targets by
analyzing patterns of sexual dimorphism in
North American wood warblers (Parulinae).

A survey of avian taxa reveals not only
great variation in degrees of sexual dimor­
phism, but also great variety in the features
that have been targeted by sexual selection.
In addition to the elaboration of nearly all
aspects of plumage, one can also find ex­
amples of dimorphism in most other mor­
phological traits. Behavioral traits have also
been targeted by sexual selection, ranging
from complex male song to elaborate court­
ship behaviors (Darwin, 1871; Searcy and
Andersson, 1986). In short, virtually all traits
that could have been targeted by sexual se­
lection, have been, in most cases many
times. Given that sexual selection has been
rather catholic in the targets on which it has
acted in birds, it is useful to ask whether
there are patterns (and principles) regarding
which traits are targeted and the extent to
which they have been selected.
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Abstract. - Extant hypotheses predict that, in the face of sexual selection, avian song and plumage
may evolve in a concerted fashion, in an antagonistic fashion, or in ways unrelated to each other.
To test these ideas regarding which traits sexual selection targets, and the consequences for other
traits, we analyzed patterns of song complexity and plumage dimorphism in 56 species of wood
warblers (Parulinae). Overall, males of more dimorphic species sang shorter songs more often, but
did not have more complex songs. However, when monomorphic species were excluded from the
analysis, we found that the total time spent singing and repertoire size increased with plumage
dimorphism. Monomorphic species are predominantly ground-nesters and the greater risk of nest
predation for these species may constrain males from becoming more visually conspicuous. Thus,
sexual selection may have been restricted to targeting song in these species. Even though song may
have been the only target ofsexual selection in ground-nesting species, overall, song in those species
is not more complex than in species that nest above the ground. We propose that traits targeted
by sexual selection evolve in concert, except when constrained by some ecological factor.
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Kroodsma (1977) found that song com­
plexity increased with the degree of polyg­
yny in nine species ofNorth American wrens
(Troglodytidae). This result supports the
general view that the elaboration of a sec­
ondary sexual trait should be proportional
to the intensity ofsexual selection (e.g.,Wade
and Arnold, 1980). Furthermore, these re­
sults suggest that, within a related group of
species, sexual selection targets the same trait
(e.g., song). If this pattern is general, we
should expect that when more than one trait
is targeted within a taxon (e.g., song and
plumage), then both traits will be elaborated
by sexual selection. Therefore, across mem­
bers of the taxon, the degree of elaboration
of the two traits will be positively correlat­
ed.

The traits sexual selection targets are not
consistent between taxa, however. Catch­
pole (1980) found the opposite of what
Kroodsma (1977) had reported for the re­
lationship between song complexity and po­
lygyny. In six species of Acrocephalus war­
blers, the two polygynous species sang
shorter, less complex songs than their four
monogamous counterparts (Catchpole,
1980). Subsequently, Catchpole and Me­
Gregor (1985) reported that, in five species
of Emberiza buntings, the species with the
least complex song was the only polygynous
species and also exhibited the most pro­
nounced size dimorphism. This result led
Catchpole and McGregor (1985) to propose
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that epigamic selection favors song devel­
opment whereas male-male competition fa­
vors large size. Such a straightforward rule
appears to have little generality, because
both song and size can function in mate
attraction and/or in male-male competition
(Payne, 1984; Searcy and Andersson, 1986).
However, the testable prediction from this
hypothesis is that different secondary sexual
traits should evolve in an uncorrelated fash­
ion because different types of sexual selec­
tion are hypothesized to target different
traits.

Another candidate for a general rule about
the targets of sexual selection is the transfer
hypothesis (Gilliard, 1956, 1969; Diamond,
1988). Prior to Gilliard's (1956) formaliza­
tion ofthe hypothesis, Darwin (1871 p. 707)
had stated:

"It is ... remarkable that birds that sing
well are rarely decorated with brilliant
colours or other ornaments . . . . Hence
bright colours and the power ofsong seem
to replace each other. We can perceive
that if the plumage did not vary in bright­
ness, or if bright colours were dangerous
to the species, other means would be em­
ployed to charm the females; and melody
of voice offers one such means."

Among bowerbirds (Ptilorhynchidae), males
ofspecies that build the most ornate bowers
have the least ornate plumage. Conversely,
species that build simple bowers have more
elaborate plumage. Gilliard (1956, 1969)
proposed that, through the course of bow­
erbird evolution, female choice had gone
from being based on male appearance to
being based on the appearance of males'
bowers. As a consequence, male plumage
became less ornate as bowers became more
so. If the transfer hypothesis has generality,
one would predict an inverse relationship
between the dimorphism in the character
targeted by sexual selection and dimor­
phism in all other characters. For example,
in taxa with elaborate song, plumage di­
morphism should be relatively poorly de­
veloped.

In this paper, we examine the relationship
between male song and sexual plumage di­
morphism in North American wood war­
blers, to test the three hypotheses discussed
above. If the degree of sexual dimorphism

in all traits is a straightforward consequence
of the intensity of sexual selection, we pre­
dict a positive correlation between the de­
velopment of song and plumage (i.e., both
become better developed in the face of
stronger sexual selection). If intersexual se­
lection tends to target one trait for all mem­
bers of a taxon, whereas intrasexual selec­
tion targets a different trait, then variation
in either song or plumage can reflect the
intensity of sexual selection, but there need
not be a correlation between the develop­
ment ofthe two. Finally, if the transfer hy­
pothesis applies to wood warblers, then we
should find a negative correlation between
song complexity and plumage dimorphism.
This negative relationship should hold re­
gardless of the intensity of sexual selection.
The fact that these opposing predictions can
be supported from ideas extant in the lit­
erature points to the need for both theoret­
ical and empirical treatment of this issue.

Fifty-seven species of wood warblers in
18 genera are found in North America. Al­
though many parulines are known to hy­
bridize (Bledsoe, 1988, and references
therein), Avise et al. (1980) concluded that
each of the 28 parulines they analyzed for
enzyme polymorphism constituted "good"
species.

Wood warblers are primarily insectivo­
rous and most species occupy wooded hab­
itat (Perrins and Middleton, 1985). Males
are territorial (loose "coloniality" has been
reported in few species [Harrison, 1984]),
do not aid in incubation, but help feed and
raise the young. Therefore, ecological fac­
tors should have less impact on our analysis
than if we were comparing a more diverse
group of species.

Although parulines are primarily monog­
amous, polygynous matings have been re­
ported for 14 of57 North American species
(Ford, 1983; Petit et al., 1988). Only five of
these species are known to mate polygy­
nously with regularity (Ford, 1983). The de­
gree of polygyny is one index of sexual se­
lection intensity; thus we predicted that these
species would exhibit the most complex
songs, or the most dimorphic plumage, or
both. Even the monogamous species, how­
ever, exhibit substantial variation in the de­
velopment of male song and the extent of
sexual plumage dimorphism. This variation
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implies substantial variation in sexual se­
lection. The bulk of our predictions focus
on the patterns of coevolution of sexually
selected traits, and these predictions do not
require information regarding the intensity
of sexual selection itself.

Our intention in this study is not to ex­
amine all possible factors that might influ­
ence the effect ofsexual selection on various
traits. However, predation seems one ob­
vious factor to consider. As Darwin (1871)
suggested in the quotation cited above, if
bright colors become dangerous, sexual se­
lection might be forced to target traits other
than plumage. Wood warblers conveniently
divide into species that nest on the ground
and those that nest above ground. Because
ground-nesting birds are subject to higher
predator exposure than above-ground-nest­
ing birds (Collias and Collias, 1984), and
because the presence of a brightly colored
male around the nest could increase the risk
to the nest, we would expect ground-nesting
species to be disproportionately monochro­
matic. In making this prediction, we assume
that the female's plumage has been selected
for its cryptic appearance and that any de­
viation from that appearance by males will
make them more conspicuous.

MATERIALS AND METHODS

Plumage
E. H. Burtt Jr. kindly provided data on

plumage colors for 21 body regions for each
sex of all paruline species. The percent of
surface area of each of the body regions are
given in Burtt (1986 p. 113). Burtt had as­
signed each body region to one of 14 colors.
We calculated the percent body surface area
where plumage color differed between the
two sexes (hereafter PLUMAGE). This
avoided problems with subjective estimates
of how dimorphic two colors or shades are.
However, as an alternative method we asked
five panelists to assess sexual plumage di­
morphism based on the whole bird rather
than individual body regions. Panelists had
neither seen Burtt's plumage data, nor the
song data. Panelists were asked to score sex­
ual dimorphism of warblers on a one-to­
five scale using illustrations in two field
guides (Peterson, 1980; National Geograph­
ic Society, 1983). Monomorphic species

were not scored, nor were species where both
sexes were not fully illustrated. To compare
our objective dimorphism scores (based on
Burtt's data) with our panelists' subjective
scores, we first arranged the objective data
into five classes ofequal range (0-0.17, ... ,
0.68-0.85). We then calculated Spearman
rank correlations between the objective and
subjective scores for each species.

Song
We assessed song complexity within the

parulines using data accompanying Borror
and Gunn's (1985) sound recordings. Bor­
ror and Gunn provided data for 56 species.
For species with both an aggressive call and
a mate attraction call (Borror and Gunn,
1985), we used both to characterize the spe­
cies' song because both are assumed to be
products of sexual selection and are there­
fore relevant to the premise of this study.

We used male weights (Dunning, 1984)
as a variable so we could control for the
possible constraints size exerts on song pro­
duction (e.g., Wallschlager, 1980). Data were
checked for normality, and intra- and inter­
generic variation were calculated to assure
that taxonomic artifacts did not produce
misleading results (Ridley, 1983; Clutton­
Brock and Harvey, 1984; Felsenstein, 1985).

The Yellow-breasted Chat (Icteria virens)
was excluded because its taxonomic affini­
ties are unclear (Avise et aI., 1980; Ingold
et aI., 1988), and because song data for this
species are both difficult to quantify and are
unusual for parulines (e.g., repertoire). Data
for the two subspecies of Yellow-rumped
Warbler (Dendroica coronata) were aver­
aged. All raw data for this analysis are given
in the Appendix. The variables chosen
(mnemonics used later are in block letters)
were:

1)Song DURAnON (sec). Where Borror
and Gunn (1985) did not give a value, we
measured the average song length of the
sonagrams depicted in their booklet. Where
Borror and Gunn gave a range, the middle
of the range was used.

2) Repeat RATE (per min). These data
were taken from Borror and Gunn (1985)
where given, otherwise they were obtained
from Robbins et aI. (1966). Where a range
was reported, the middle of that range was
used. When both references provided data
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TABLE 1. A comparison of the variance of variables within large genera with the variance between the mean
values of the remaining genera.

Variance without Variance within Variance without Variance within
Vermivora Vermivora only Dendroica Dendroica only

Variable 14,;; N,;; 16 N=9 14,;; N,;; 16 12,;; N,;; 22

DURATION 0.12 0.23 0.12 0.12
RATE a a 2.50 3.35
TIME SINGING a _a 1.82 4.67b

PHONES 5.86 0.53b 5.86 1.23b

REPERTOIRE 1.44 o.n> 1.46 0.38b

MINFREQ 0.77 0.62 0.77 2.04b

MAXFREQ 1.25 1.25 1.25 1.64
FREQRANGE 0.76 0.88 0.76 0.86
PLUMAGE 0.04 0.03 0.04 0.05

aN = 5, too small for test.
b Variances different at P < 0.05; F-test for comparing variances.

for a species, we used the values from Borror
and Gunn (1985) because a larger sample
ofsound recordings had accumulated by the
time their analysis was conducted. There
were minor differences in the values re­
ported by these two authorities for seven of
eight species; these species are indicated in
the Appendix.

3) Total TIME SINGING (sec per min).
The product of 1) and 2).

4) Number oftypes ofPHONES per song.
As defined by Lemon et al. (1981, 1983), a
phone is an individual continuous sound.
An individual phone type was distinguished
based on a subjective evaluation of the pic­
torial representation in the sonagrams in
Borror and Gunn (1985), and the maximum
number of phones per song was used.

5) REPERTOIRE. We accepted Borror
and Gunn's (1985) assessment of the max­
imum number of different "songs" a bird
could sing. A "song" was defined as a dis­
tinct order of phones. One song type in­
cluded all of AAAAB, AAABB, AABBB,
etc., where each letter represents a distinct
phone type. For a few species, a repertoire
of phones rather than songs was given by
Borror and Gunn. Presumably, a bird could
interchange these phones in all possible per­
mutations (e.g., 2 different phones per song;
5 different phones in "repertoire," 5 x 4 =
20 possible songs). In practice, a bird prob­
ably uses far fewer songs, but we have no
data for this. We have estimated these rep­
ertoire sizes based on the brief discussion
in Borror and Gunn (1985); these species
are indicated in the Appendix. There are
many problems with repertoire estimation

(Kroodsma, 1982), but we assumed that
Borror and Gunn (1985) used consistent cri­
teria.

6) and 7) MINimum and MAXimum
FREQ (kHz). These values were based on
the most extreme values given by Borror
and Gunn (1985).

8) FREQuency RANGE. The difference
between 6) and 7).

Mating System and Trait Elaboration
We compared plumage and song vari­

ables between species for which polygynous
matings have been reported (Ford, 1983)
and monogamous species.

Nest Height
We used information in Harrison (1978)

to separate warblers into ground-nesting and
above-ground-nesting species.

RESULTS

Plumage
Our five panelists showed considerable

agreement in how they scored plumage di­
morphism, particularly when using the same
field guide. Spearman rank correlations be­
tween individual panelists' scores and the
mean panelist score ranged from 0.77 to
0.93 within field guides (N = 31 for the Na­
tional Geographic Society Guide; N = 26
for the Peterson Guide; all P's <0.01) and
from 0.33 to 0.64 between field guides (N
= 21, all P's <0.05). The mean panelist
scores from the National Geographic So­
ciety Guide and the Peterson Guide were
significantly correlated with our objective
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dimorphism scores calculated using Burtt's
feather data (rs = 0.49 and 0.55, P < 0.05
and 0.01, respectively). Because the subjec­
tive assessments of dimorphism based on
overall appearance were significantly cor­
related with our objective scores, we use our
scores (i.e., PLUMAGE) in all our analyses.

Song

To assess the accuracy and repeatability
of our song measures, we compared DU­
RATION, TIME SINGING, PHONES, and
REPERTOIRE with the equivalent vari­
ables given by Weary and Lemon (1988).
Weary and Lemon (1988) used a sample of
19 warblers, which are a subset ofthe Borror
and Gunn (1985) data set. The only variable
in our data set that was not significantly
correlated with that of their data set was
TIME (rs = 0.29, P = 0.11; for the other
variables, all rs's ~0.52, all P's :50.01).
Thus, in general our assessments were sim­
ilar to those of Weary and Lemon (1988).

In comparative studies it is appropriate
to use species values as long as the variation
within genera is as great as that between
genera (Ridley, 1983). Only the genera Ver­
mivora (N = 9) and Dendroica (N = 22) were
large enough to allow tests of intra- versus
inter-generic variation. Only Dendroica had
enough species with data to test for varia­
tion in RATE and TIME SINGING (12
Dendroica species with data versus 14 gen­
era).

Of the eight song variables, four (TIME
SINGING, PHONES, REPERTOIRE, MIN
FREQ) varied significantly more between
genera than within genera (Table 1), so anal­
ysis of these variables was done at the ge­
neric level (i.e., using mean values for each
genus). Species values were used for the
analysis of the other four song variables.
PLUMAGE scores varied as much within
as between genera (Table 1), so analyses
could be done at either the specific or the
generic level.

We wished to determine the correlation
between PLUMAGE and each of the indi­
vidual song variables. This first required
determining whether each variable was nor­
mally distributed. PHONES, REPER­
TOIRE, and MIN FREQ were not normally
distributed (Ko1mogorov-Smimov Good­
ness of Fit Test, all P's <0.01). Because

weight was also used in this analysis we test­
ed it and found it not to be normally dis­
tributed (P < 0.05). Because the three song
variables and weight could not be easily
transformed (see also Read and Weary,
1990), we calculated Spearman rank cor­
relations for these variables.

We found significant correlations be­
tween PLUMAGE and some song variables
(Table 2). More dimorphic species sang
shorter songs but sang at a higher rate, and
their songs had both higher minimum and
maximum frequencies. However, many of
the variables that we intuitively expect to
be products of sexual selection (e.g., TIME
SINGING, PHONES, REPERTOIRE,
FREQ RANGE) were not significantly cor­
related with plumage dimorphism.

We then retested the hypotheses using
only the dimorphic warblers. This analysis
revealed a correlation between REPER­
TOIRE and PLUMAGE (rs = 0.32, P =
0.02). Furthermore the correlation between
PLUMAGE and TIME SINGING became
significant (rs = 0.31, P = 0.05, N = 30)
among dimorphic species. The remaining
correlations between PLUMAGE and the
song variables were consistent with those
from the larger sample. However, aspects
of song complexity (TIME SINGING,
FREQ RANGE, PHONES, and REPER­
TOIRE) did not differ between monochro­
matic and dichromatic species (t-tests, all
P's >0.05). Thus, when sexual selection only
targeted song, it did not produce greater
elaboration of that trait.

Because of the correlations among the
non-PLUMAGE variables (Table 2), we
used factor analysis (Kleinbaum and Kup­
per, 1978) to reduce the number of vari­
ables. The factor analysis did not include
the 20 species with incomplete data sets.
Thus, 8 of 15 sexually monochromatic spe­
cies and 12 of 41 dichromatic species were
excluded. We performed the analysis twice,
using species values and generic values. Be­
cause the two results were similar, we only
present the results of the former analysis
here. Because FREQ RANGE and TIME
SINGING are linear combinations of other
variables, it was necessary to discard these
two variables from the factor analysis.

Three factors were extracted, which to­
gether explained 72% ofthe variation in the
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TABLE 2. Correlation matrix for each of the variables used in the analysis of the song and plumage. Variables
for which correlations were calculated at the generic level are indicated. Maximum sample sizes for each variable
are given in parentheses. Variables are defined in the text.

DURATION
(Maximum N) (56)

DURATION
RATE
TIME SINGINGI
PHONESI,2
REPERTOIREI,2
MINFREQI,2
MAXFREQ
FREQRANGE
Weight­
PLUMAGE

RATE
(40)

-0.55**

TIME SINGING'
(15)

0.52**
0.44*

-0.07
0.10

-O.ll

REPERTOIREl.2
(17)

-0.44
0.36

-0.18
0.28

O.ll
0.14
0.24

-0.14
0.15

Values significantly different from 0 (two tailed r-test) are indicated; • P s 0.05; •• P s 0.01.
, Correlations computed at the generic level.
2 Variables for which Spearman rank correlations were used.

song data. Each factor can be readily inter­
preted based on the factor loadings of each
variable (Table 3).Factor 1reflects the sound
frequency of songs. Factor 2 reflects the
length of individual songs and how often
they were sung, and Factor 3 represents the
internal complexity of songs. The correla­
tions between PLUMAGE and the first two
factors (Figs. 1, 2) confirmed the results of
the correlation analysis; more dimorphic
species had songs with higher minimum and
maximum frequencies, and sang shorter
songs at a higher rate. However, they did
not sing more complex songs in terms of
PHONES or REPERTOIRE (Fig. 3).

Mating System and Trait Elaboration
We predicted that species with a higher

frequency ofpolygyny would have the most
developed sexually selected traits. The only
trait for which the two groups differed was
PHONES (Mann-Whitney Z = -1.96, P =

TABLE 3. Factor loadings of the song variables fol­
lowing varimax rotation (Kleinbaum and Kupper, 1978)
using all complete data records (N = 36) for all vari­
ables.

Variable' Factor I Factor 2 Factor 3

DURATION 0.19 0.86 -0.05
RATE 0.14 -0.81 0.10
PHONES 0.01 -0.04 0.92
REPERTOIRE -O.ll -0.29 0.84
MINFREQ 0.90 -0.13 -0.09
MAXFREQ 0.93 0.04 -0.01
Weight -0.09 0.48 -0.15

, Variables are defined in the text.

0.05), but it was the monogamous species
that had the most PHONES, which is con­
trary to the prediction. When only the five
regularly polygynous species were included
in the comparison, no differences in song or
plumage variables were detected.

Nesting Height
We predicted that the greater predation

risk faced by warblers nesting on the ground
would restrict the degree to which plumage
dimorphism would develop due to sexual
selection. Consistent with this prediction,
ground-nesting species were significantly less
dimorphic (N = 21, mean ± 1 SD dimor­
phism = 20 ± 12%) than species nesting
above ground (N = 27, mean ± 1 SD di­
morphism = 34 ± 24%; Mann-Whitney U
Test, Z = - 3.58, P < 0.001). At the generic
level, the degree of dichromatism also in­
creased with increasing mean nest height
(rs = 0.67, P = 0.004, N = 14).

The transfer hypothesis predicts that
ground-nesting species should have more
elaborate song because they are constrained
in the evolution of bright plumage. How­
ever, ground-nesting species were not su­
perior to above-ground-nesters for any song
variables (t-tests, all P's >0.05) except DU­
RAnON (t = 2.28, P = 0.03).

DISCUSSION

Our analysis ofplumage dimorphism and
song in wood warblers revealed several re­
lationships between the two features. Over­
all, males of more dimorphic species sang
songs with higher minimum and maximum
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TABLE 2. Extended.

2
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0.1 0.2 0.3 0.. 0.5 0.6 0.7 0.8

PLUMAGE

FIG. 1. The correlation between PLUMAGE and
Factor 1 (sound frequency of songs) (rs = 0.33, P =
0.02, N = 36).

MAXFREQ FREQRANGE Weight2 PLUMAGE
(56) (56) (56) (50)

0.09 0.16 0.05 -0.34**
0.14 0.05 -0.08 0.50**
0.18 0.19 -0.09 0.11

-0.03 -0.10 -0.24 -0.04
-0.20 -0.17 -0.24* -0.16

0.64** -0.01 -0.39* 0.39*
0.46** 0.07 0.33**

0.15 -0.03
-0.02

-3 L~_~_~_~~_~_~_~_~

0.1 0.2 0.3 0.. 0.5 0.6 0.7 0.8

PLUMAGE

FIG. 2. The correlation between PLUMAGE and
Factor 2 (song length and repeat rate of songs) (rs =
-0.56, P < 0.001, N = 36).

nesting above ground. The data were con­
sistent with the interpretation that due to
higher predation pressure on ground-nest­
ing species, sexual selection is constrained
from targeting plumage. This has resulted
in little plumage dimorphism being ob­
served among those species, presumably
making song the single target of sexual se­
lection. More complete support to the trans­
fer hypothesis would be provided if the ex­
tent of song complexity among ground­
nesting warblers is positively correlated with
the intensity of sexual selection.

Othe.r attempts to find general principles
governing how sexual selection targets dif­
ferent traits have been sought. As men­
tioned previously, Catchpole and Me­
Gregor (1985) found that the one polygynous
species among five species of buntings had
the least complex song, but the greatest size

frequencies and sang shorter songs more of­
ten, but did not have more complex songs.
However, when we restricted the analysis
to dimorphic species, we found that reper­
toire size and time spent singing were pos­
itively correlated with the degree of plum­
age dimorphism.

Polygynous species showed no greater
elaboration of song or plumage than mo­
nogamous species. A species' mating system
should provide a good index of sexual se­
lection intensity. However, few of the war­
bler species in our analysis have been stud­
ied in sufficient detail to determine the
degree ofpolygyny in their mating systems.
Without detailed knowledge of the mating
system, it is not possible to estimate sexual
selection intensity accurately (Payne, 1984;
Weatherhead and Shutler, 1989). Thus, this
part of the analysis should be considered
preliminary.

Paradoxically, our results provide some
support for both of the two diametrically
opposed hypotheses we were testing. If sex­
ual selection has targeted more than one
trait in a taxon, we predicted that those traits
should evolve in concert. Thus, if sexual
selection favored more complex song, it
should also favor more dimorphic plumage.
The positive correlations between song rate,
the amount of time spent singing, and rep­
ertoire size, and the degree of plumage di­
morphism for dimorphic species is consis­
tent with this hypothesis. However, the
transfer hypothesis, which predicted a neg­
ative relationship between targets of sexual
selection, was supported by the difference
between ground-nesting species and those
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1 •

FIG. 3. The correlation between PLUMAGE and
Factor 3 (song complexity) (rs = 0.06, P = 0.36, N =

36). The outlier is the Canada Warbler.
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dimorphism. This observation led to the
proposal that epigamic and intrasexual
components of sexual selection target dif­
ferent traits. Our results suggest that song
and plumage can evolve in concert and two
reviews (Payne, 1984; Searcy and Anders­
son, 1986) suggest that song, size, and plum­
age can be involved in inter- and intrasexual
competition. It seems that principles de­
rived from small numbers of species may
have less likelihood of generality.

We purposely restricted our analysis to
song and plumage in warblers because these
are the most obvious targets of sexual se­
lection in this group. However, sexual size
dimorphism is very pronounced in some
groups of birds and therefore an important
target of sexual selection in some circum­
stances. We also only considered one pos­
sible ecological constraint on sexual selec­
tion, although there are almost certainly
others that are important. While we have
demonstrated how two targets of sexual se­
lection coevolve in the face of one con­
straint, a comprehensive theory must con­
sider all major targets of sexual selection
and all the ecological factors that may con­
strain the extent to which sexual selection
can act on those targets.
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