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SUMMARY

Several ecological and behavioural factors are correlated with interspecific differences in the complexity
and temporal arrangement of passerine songs. For example, song repertoires are larger in species where
males provide more parental care; syllable repertoire sizes are greater in polygynous species; migrants
have larger song and syllable repertoires; and more vocalization during a song bout is associated with
higher fecundities and lower metabolic rates. These associations often differ at different taxonomic levels,
suggesting that the factors causing divergence in song characters within genera are different from those
responsible for divergence among more distantly related taxa. In general, correlates of greater song
complexity can be interpreted as those factors likely to produce more intense inter- or intra-sexual
selection (polygyny, migration, paternal care). Measures of song output are correlated with factors likely
to be associated with species differences in energetic requirements (metabolic rate) or reproductive effort
(fecundity). The ecological and behavioural correlates of within-song complexity differ from those of
between-song complexity, suggesting that they are not alternative solutions to the same selective
pressures.
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1. INTRODUCTION

As exemplified by the tails of swallows, birds of
paradise and peacocks, sexually selected traits vary
enormously. Presumably this diversity has arisen
because of interspecific differences in factors which
constrain and promote sexual selection, a view which
has had considerable success in explaining interspeci-
fic variation in traits used in male-male combat and
sperm competition (e.g. body, antler, canine and
testes size in various groups of mammals (Harvey and
Bradbury 1991)). However, the factors responsible for
generating interspecific variation in signalling systems
associated with mate choice and non-contact antago-
nistic encounters have received surprisingly little
attention from comparative biologists (Bradbury &
Andersson 1987, Harper 1991).

Experimental evidence has demonstrated that song
in passerines plays a role in mate attraction and male—
male competition (Searcy & Andersson 1986, Catch-
pole 1987, Harper 1991, McGregor 1991), and is
therefore a sexually selected trait. The temporal
construction and complexity of songs vary enormously
between species, even though males in all passerine
species have to attract females and compete with other
males for females and resources. Numerous hypotheses
have been presented in an attempt to explain such
variation (reviewed by Krebs 1977, Krebs &
Kroodsma 1980, Slater 1981, Payne 1983, Harper
1991, McGregor 1991). Recent hypotheses have the
common theme that sexual selection is involved, but
there are different views on the relative strength and
direction of intra- and inter-sexual selection on song,
and on the relevance of psychological (see, for exam-
ple, Hartshorne 1973), physiological (see, for example,
Lambrechts & Dhondt 1988) or acoustical (see, for
example, Wiley & Richards 1982) constraints.

Are species differences in ecology, behaviour, mor-
phology and physiology associated with species differ-
ences in song? We attempt to answer that question for
two aspects of song diversity: song complexity and the
temporal organization of singing bouts.

2. PUTATIVE CAUSAL VARIABLES
(a) Costs

Singing may be energetically expensive for birds
(Brackenbury 1979). Several studies have reported
circumstantial evidence that producing more song
during a song bout (for example, with longer songs or
shorter intersong intervals) is more expensive than
producing less song (reviewed by Reid 1987, Cuthill
& MacDonald 1990). Studies on anuran calling have
demonstrated large physiological costs (Taigen &
Wells 1984, Halliday 1987, Ryan 1988). Whether
singing songs of greater complexity is also more costly
is harder to determine, although some indirect evi-
dence implies that it is. First, the ability to sing
complex songs requires greater neuronal development
(Nottebohm et al. 1981, Canady et al. 1984). Second,
the size of song nuclei in the forebrain may fluctuate
seasonally with the need to sing (Nottebohm et al.

Phlal. Trans. R. Soc. Lond. B (1992)

1986). Finally, necural song control regions are sex-
ually size dimorphic, as are repertoire sizes (Brenowitz
& Arnold 1986).

Given these costs, sexual selection on song might be
constrained in energetically marginal species (Halli-
day 1987, Partridge & Endler 1987, Ryan 1988). If so,
small-bodied species with high metabolic rates will
have less complex and less continuous songs.

(b) Benefits

Darwin (1871) used evidence of an association
between polygyny and eclaborate ornamentation to
support his theory of sexual selection. A variety of
authors have suggested that polygyny in passerines
also promotes greater song output and complexity.
For example, within North American wrens (Troglo-
dytidae), polygynous species (n=D5) generally sing
with greater continuity and have more complex songs
than do monogamous species (n=5) (Kroodsma
1977). Similarly, in a comparison of two finch species,
Payne (1983) found that the premiscuous species had
a larger song repertoire. However, other tests have
produced conflicting results. Monogamous species of
Acrocephalus warblers (n=4) and buntings from the
genus Emberiza (n=4) have longer, more complex
songs than do polygynous congeneric species (n=2,
n=1, respectively; Catchpole 1980, Catchpole &
McGregor 1985). Among 56 species of wood warblers
(Parulinae), Shutler & Weatherhead (1990) found no
differences in song complexity or output associated
with mating system (n=5 regularly and n=11 occa-
sionally polygynous species). Among 17 species of New
World blackbirds (Icterinae), there is no association
between song and mating system (Irwin 1990).

Studies on other aspects of avian vocalizations
suggest that mating systems can influence the evolu-
tion of vocal signalling systems. In a comparative
analysis of vocalizations from one family of songbirds
(Ploceidae), Loffredo & Borgia (1986) found that
species which mate polygynously produced a greater
numbers of buzzes, non-vocal sounds and noisy sounds
of different types. Female songbirds are more likely to
sing in monogamous species (Farabaugh 1982). Pro-
miscuous birds of paradise (n=28 species) have multi-
note calls, whereas monogamous species (n=2) have
single-note calls (Pruett-Jones e/ al. 1990).

If females locate and choose males on the basis of
secondary sexual characters, song may be more com-
mon in species in which other sexually selected traits,
especially bright colours and elaborate plumes, are
strongly selected against (e.g. by predation; Darwin
1871, Partridge & Endler 1987). The idea that song is
elaborated in cryptic species has a long history in the
literature (see, for example, Darwin 1871, Huxley
1938, Gilliard 1956, Lack 1968, Catchpole & McGre-
gor 1985), but the generality of the idea has been
formally tested in only one taxon (Shutler & Weather-
head 1990).

Few models predict the ecological characteristics of
species in which female choice will lead to elaboration
of male traits. One exception is Hamilton & Zuk’s
(1982) prediction that elaborate male traits should be
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found in species subject to high parasite pressure, since  Krebs & Dawkins 1984, Sorjonen 1986, Wiley 1991).
these traits may allow females to choose healthy mates ~ Furthermore, song bird diversity and density undoub-
as partners. Hamilton & Zuk reported a correlation  tedly varies with habitat. Signal detectability may
across species between blood parasite prevalence and  therefore be decreased in some habitats because of
song, but recent analyses failed to find any such  noise levels from other singing birds. This could be
associations when phylogenetic associations were con-  countered by reducing repertoire sizes and increasing
trolled for (Read & Weary 1990). Another exception  repetition (Wiley & Richards 1982). Reports of song
is Catchpole’s (1980, 1982) prediction that migrant  differences associated with habitat differences are
species will have less time to obtain a territory and common (see, for example, Kroodsma 1977, Hunter &
attract a mate, and this may lead to increased inter-  Krebs 1979, Wiley 1991).

sexual selection on song.

There are many predictions about the ecological
and behavioural conditions which lead to male-male
competition. Competition might be higher in hole- A number of possible factors which might promote
nesting species since nest sites are scarcer; in species  and constrain the evolution of song can be identified,
with a high density of competing conspecifics, espe-  but with few exceptions (Sorjonen 1986, Read &
cially floating non-residents; in species where territory ~ Weary 1990, Shutler & Weatherhead 1990) these
owners benefit from expanding their territories; and in -~ factors have not been subjected to comparative tests
migratory species, where rapidly obtaining a good  across a wide range of passcrines (Harper 1991). A
territory to attract a mate may be crucial (Catchpole  potential stumbling block is that measures of complex-
1980, Craig & Jenkins 1982, Morton 1982, Kroodsma ity may not be comparable between species. As an
& Verner 1987). Many of these ideas lead to direct  example of this ‘comparability problem’ (Krebs &
comparative predictions (e.g. differences in migratory ~ Kroodsma 1980; Kroodsma 1982), consider the songs
behaviour and nest type should be correlated with  of winter wrens ( Troglodytes troglodytes) and rock wrens
interspecific song diversity), whereas others can be  (Salpinctes obsoletus). The former species repeats the
tested indirectly. For example, territory expansion  same song several times before switching to another,
may also be more crucial in small-bodied species with ~ has a repertoire of between three and ten songs, and
high metabolic rates, if food can be more easily  each songis composed of around 70 different syllables.
acquired in larger territories (Morton 1982). Simi-  In contrast, the songs of rock wrens are composed of
larly, adult mortality rates should give an indication  only one syllable type, but sequential song types are
of territory turnover. Mortality rates in birds are  always different and they are drawn from a repertoire
difficult to obtain and are available (Saether 1988) for ~ of around 100 songs (Kroodsma 1977). How can the
a rather small number of species for which song data  songs of these species be compared? What if in both
are available. But annual fecundity in birds is known  species the song patterns are the result of runaway
to be highly correlated with both adult and juvenile  selection through female choice (Fisher 1930; Lande
mortality (Saether 1988, Bennett & Harvey 1988), 1981) initiated by the same social conditions (e.g.
and so ought to be correlated with the rate at which polygyny), but which has headed off in arbitrarily
territory ownership changes. different directions? If this were the case, it would be

Differences in extrinsic mortality (mortality risk  an example of a problem common to all comparative
that is unrelated to reproductive rate (Sibly & Calow  analyses of adaptation: multiple solutions to the same
1986)) may contribute to variation in the opportunity  selective pressures (Ridley 1983, Harvey & Pagel

3. THE COMPARABILITY PROBLEM
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for sexual selection. Current reproductive effort (Gad- 1991). The existence of multiple solutions is intuitively
gil & Bossert 1970) is expected to be higher in species  compelling but difficult to prove: two species are likely
which are less likely to breed again (Williams 1966, to differ in ways not under investigation, so there may

Patridge & Ender 1987). Song is a component of  be very good undiscovered reasons why they differ.
current reproductive effort, and thus may be greater ~ For example, the winter wren is polygynous, the rock
in species with higher extrinsic mortality patterns.  wren monogamous; perhaps the balance of conflicting
Because adult mortality rates and fecundity are  pressures of intra- and inter-sexual selection therefore
correlated across bird species (Saether 1988, Bennett  differs in the two species, leading to different singing
& Harvey 1988), differences in fecundity should also  behaviour. Such logic suggests that the comparability
correlate with singing effort. problem may actually be a description of the pheno-
mena under investigation rather than a difficulty for
comparative biologists to overcome. We take the view
that all differences should be seen as problems worth
Of the ecological conditions which might constrain tackling, rather than arbitarily dismissing some as the
song evolution, species differences in habitat type has outcome of factors which cannot be detected.
received the most attention. Many authors have
suggested that song may differ among habitats
because the acoustic properties of different habitats 4. METHODS
(in particular patterns of sound transmission) impose
selection on the complexity and temporal organization
of song (see, for example, Hunter & Krebs 1979, Species means for each of the following variables were
Wiley & Richards 1982, Shy 1983, Bowman 1983, extracted from the literature. Data on at least one

(¢) Environmental constraints
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song variable were gathered for 165 passerine species
from five superfamilies (Tyrannoidea, Corvoidea,
Fringilloidea, Sylvioidea, Turdoidea); collection
methods and data are given in Appendix 1. Termino-
logy follows Weary & Lemon (1988), who also
provide definitions.

Temporal organization

(i) Song duration (s) (136 species); (ii) inter-song
interval (s) (98 species); (ili) continuity (=song
duration/(song duration + inter-song interval) (98 spe-
cies)); and (iv) Song rate (=60/(song duration -+
inter-song interval) (98 species)).

Song complexity

A variety of measures of song complexity are
reported in the literature. We have attempted to
partition complexity into three measures: (i) song
repertoire size: the number of song types possessed by
an individual (a measure of between-song complexity)
(113 species); (ii) syllable repertoire size: the mean
number of different syllable types within a song (a
measure of within-song complexity) (143 species); and
(iii) versatility: species were categorized as being
either immediately versatile, where song types are
rapidly switched (ABCDBDAC....), eventually versa-
tile, where song types are repeated several times before
switching (AAAABBBBCCCC....), or non-versatile,
where a single song type is repeated through a song
bout (AAAAAAA....) (108 species).

Note that our measure of syllable repertoire size
differs from that used by some other authors (e.g.
Catchpole 1980), who define syllable repertoire size as
the total number of syllables in an individual’s
repertoire. Within particular taxa, such a measure
may be a useful index of song complexity, but in
broad analyses such as ours, it blurs the distinction
between within and between-song complexity. Species
with only a few different syllables in any song, but
many different syllables in their repertoire, have in
effect considerable between-song complexity and rela-
tively little within-song complexity. Our measure of
song repertoire size reflects total syllable repertoire
size, as well as complexity arising from rearrange-
ments of syllables.

In the analyses reported below, species with unmea-
surably large song or syllable repertoire sizes, such as
the North American robin (Turdus migratorius), were
given a repertoire size equal to one greater than the
maximum recorded in our data set. Versatility was
treated as a continuous variable, but the conclusions
are unaltered if it is treated as categorical variable.

(b) Putative causal variables

Data sources are given in Read (1991), except
where mentioned. For many species, there are popula-
tion differences in some of the following variables. We
assume that these are small compared with interspeci-
fic differences. If, for a discrete variable, a single
species could be classified in more than one category,
the predominant category was taken as the species
value. If] for species found in both Europe and North

Phil. Trans. R. Soc. Lond. B (1992)

America (n=28), values differed in the two regions, the
value was taken as missing for discrete variables and
averaged for continuous variables. Communal nesting
has arisen independently a minimum of six times in
the species represented in the data set (a total of ten
species). The remaining 155 species are territorial and
so the effects of nest dispersion on song were not
investigated.

Body size

Body mass (g) used as an index of size; data from P.
Bennett (personal communication), sources are given
in Bennett (1986).

Resting metabolic rate (kcalld)

Data from Bennett & Harvey (1987), using only
those data they included in their analyses (their
Appendix 2). So that body mass and resting metabolic
rate (RMR) estimates were from the same sources,
Bennett & Harvey’s estimates of body mass were used
in analyses of RMR in which the effects of mass were
controlled for.

Reproductive rate

Clutch size and annual fecundity (product of clutch
size and broods per year) were used as measures of
seasonal reproductive effort and survivorship. Data
from sources given in Bennett (1986) and Trevelyan et
al. (1990).

Visual showiness

The average of subjective scores by six ornitholo-
gists (who were unaware of the uses to which the data
would be put; data from Read & Harvey 1989). For
each species, males were scored on a showiness scale of
1 to 6, with 1 being very dull and 6 very striking. For
discussion of the scoring procedure, see Read &
Harvey (1989).

Habitat

Three variables were used to investigate habitat
effects: habitat type, forested against open habitats,
and nest type. (1) Habitat type: breeding habitat
categorized (following Baker & Parker 1979, Bennett
1986) as forest; woodland; scrubland; tundra (also
includes moorland and mountain lands); grassland
(also includes steppe and savannah); marsh; fresh-
water (streams, rivers, lakes, ponds); and land (species
living in more than one of: woodland, scrubland,
tundra or grasslands). (i) Open and forested habitat:
a recategorization of habitat type, following several
authors (e.g. Wiley & Richards 1978, Ryan &
Brenowitz 1985, Wiley 1991) who report different
sound transmission properties in forested habitats
compared with more open habitats. Forested habitats
were taken as a combination of forest and woodland,
or scrub (if habitat descriptions suggested that the
preferred scrub was in forests or woodlands), open
habitats as the remainder. Where a species inhabits
woodland and/or scrub, as well as more open habitats,
they were categorized as living in open habitats if they
spend the majority of their time there. (iii) Nest type:
hole nests (including dome and roofed nests, and nests
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in crevices); ground nests (including raised nests in
reeds and lakes); arboreal open nests.

Behaviour

(i) Male parental effort. Three variables: male
contribution to nest building, to incubation, and to
feeding young. Each was scored on a three point
scale — only female, largely female or both sexes. In
the results reported below, these variables were
treated as continuous; the conclusions are the same if
they are treated as discrete. (ii) Mating system.
Categorized as monogamous or polygynous. See Read
(1991) for sources, definitions, and a discussion of the
difficulties of categorizing a species as monogamous.
(iii) Migratory behaviour. Scored on a three point
scale — resident, partial migrant, or migrant —and
treated as a continuous variable in the analyses
reported below. The conclusions are unaltered if the
variable is treated as categorical.

(¢) Controlling for phylogenetic associations

It is well known that species cannot be considered
as independent points in comparative analyses (Har-
vey & Mace 1982, Ridley 1983, Pagel & Harvey 1988,
Harvey & Pagel 1991). The approach used here to
control for phylogenetic associations is to look for
evidence of an association within different radiations
as recognized by monophyletic taxa (Felsenstein 1985,
1988, Pagel & Harvey 1988, Harvey & Pagel 1991).
So long as each taxon is derived from a different
common ancestor, these within-taxon associations are
statistically independent. Three different tests were
used; all three share this basic principle of controlling
for phylogeny by looking within different taxa.

(d) Analysis

Phylogeny was inferred from taxonomy following
Howard & Moore (1980) for species and genera, and
Sibley & Ahlquist (1985) at higher levels, except for
the Sylviidae, where we follow Howard & Moore
(1980) and Simms (1985). Body mass, RMR, clutch
size, annual fecundity and all song variables were
logarithmically transformed prior to analysis.

We used three methods to test for an association
between variables. First, Pagel & Harvey’s method of
independent comparisons of incompletely resolved
phylogenies (see Pagel & Harvey 1989, and especially
Harvey & Pagel 1991, pp. 150-162). This method
analyses covariance between two or more variables
within taxa, by asking whether the variables are
associated across species within genera, generic means
within tribes, tribal means within subfamilies and so
on. Each taxon that contains two or more subtaxa is
equally weighted in the analysis. This method also
allows relation between two variables to be examined
when the effects of third variables are controlled for.
For full discussion of this method, see Harvey & Pagel
(1991), and Promislow (1991); for examples of its
use, Trevelyan ¢t al. (1990), Harvey et al. (1991a),
and especially Promislow (1991) who gives worked
examples. ‘

To confirm that the p-value associated with the F-
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test was not unduly influenced by single outlying taxa
(examples of this problem are given below), a second
test for an association between variables was per-
formed by calculating Spearman rank correlation
coefficients to test for a correlation between the rank
order of the linear contrasts. A second reason for
testing the association non-parametrically is that there
may be a nonlinear relation between the dependent
and independent variables.

However, it is also possible that a particular relation
is sufficiently nonlinear that even the rank orders of
the linear contrasts are not correlated (e.g. if the sign
of intra-taxon differences in the dependent variable is
predicted by the sign of the differences in the indepen-
dent variable, but not the magnitude of the differ-
ences). Thus, we performed a third test by calculating
the number of taxa within which a particular correla-
tion between two variables was positive and negative,
and tested this against a null hypothesis of equality
(Harvey & Pagel 1991, p. 160). Taxa within which
there is no variation in the dependent variable despite
variation in the independent variable should count in
favour of the hypothesis of null association. We
adopted the conservative solution of initially testing
the hypothesis of equal proportions of positive and
negative associations within only those taxa in which
there is variation in both variables under considera-
tion. Then, where this ratio was significantly different
from unity, we counted the taxa with variation in the
test variable but not the dependent variable as going
against the most common direction. Where the direc-
tion of causality was not clear, the two variables were
considered in turn as test variables.

It is possible that associations will differ among
taxonomic levels (Pagel & Harvey 1988). For exam-
ple, species within genera are more likely to be subject
to similar selective pressures than are species in
different families. Selective factors which differ
between higher taxa may therefore obscure associ-
ations between song and other causal factors. To
investigate this possibility, each of the three tests was
performed within all taxa to search for any overall
associations, and analyses were re-run using only the
intra-generic comparisons, and then only intra-taxon
comparisons from higher taxonomic levels.

In summary, three tests for an association between
a song variable and a purported causal variable
controlling for phylogenetic associations were con-
ducted: (i) an F-test for association between intra-
taxon differences (linear contrasts); (ii) a non-para-
metric test for association between the rank orders of
the linear contrasts; and (iii) a sign test of positive and
negative intra-taxon associations. In each case, for
taxa with more than two subtaxa, the relevant test
statistic was calculated for all taxa, all genera, and all
taxa except genera.

5. RESULTS
(a) Body size

Differences in body mass within taxa were not
significantly associated with differences in the song
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Table 1. Associations between body mass and song variables

(Tabulated values are ratio of positive to negative intra-taxon associations, and the F-value for the correlation
between linear contrasts within taxa. Spearman rank correlation coefficients were also calculated to test for
associations between linear contrasts; none were significant.)

within all taxa

within genera within higher taxa

song duration 28:22 Fi49=0.52
intersong interval 24:16 Fi133=0.53
continuity 21:19 Fi3=1.38
song rate 15:25 Fy38=0.11
song repertoire size 24:10* F144=0.36
syllable repertoire size 28:25 Ti56=0.17
versatility 15:10 Fi143=0.84

17:10 Fi96=2.85 11:12 Fi9:=0.01

11:8 F1,17=4’.15 13:8 F1,19=0.02
12:7 Fi18=0.52 9:12 Fi19=0.23
8:11 F1)17=2.25 7:14 F1,19=0.08
9:4 F1y22=0.09 15:6 F1,20=0.10
12:13 Fi97;=0.30 16:12 Fy14,=0.07
6:0 F1,21=0.02 9:10 F1’20=0.07

3p<0.05, but see text for a discussion of this association.

variables (table 1). Within 24 of the 34 taxa within
which both body size and song repertoire size vary,
taxa characterized by heavier bodies have larger song
repertoires (binomial p=0.024). However, there are
12 taxa within which there is variation in body mass
but not song repertoire size and therefore there are
positive associations in 24 taxa of 46 taxa, as expected
by chance alone (binomial p=0.88). Thus, there is no
strong evidence of an association between body mass
and song.

(b) Metabolic rate

Data on resting metabolic rate (RMR) and song
are available for few species, limiting the number of
within-taxa comparisons that can be made. Thus,
only analyses within all taxa are reported in table 2.

Continuity is negatively associated with RMR
within taxa significantly more often than expected by
chance alone (table 2; binomial p=0.013). Thus,
subtaxa with higher RMR are more likely to sing less
continuously, but the magnitude of the differences in
RMR are not associated with the magnitude of
differences in song continuity. When intra-generic
comparisons are excluded, the association between the

Table 2. Associations within all taxa between the song
variables and resting metabolic rate (RMR) and RMR control-
ling for the effects of body mass

(Tabulated values are ratio of positive to negative
intra-taxon associations, and F-values for the associ-
ation between linear contrasts within taxa.)

RMR controlling

RMR for body mass
song duration 9:14 Fy2=0.06 Fi=1.60
intersong interval 12:5 F115=38.65 F114=0.95
Continuity 3:142 F1)15=0‘03 F1’14=0.01
song rate 5:12 F115=0.30 Fy=10.86"
song repertoire size 10:7  F118=0.05 F117=0.16
syllable repertoire size 15:14 Fy3=0.27 Fy29=3.50
versatility 9:6 Fi117=0.72 Fis=1.74
2 <0.05.
bp<0.01.

Phil. Trans. R. Soc. Lond. B (1992)

magnitude of the intra-taxon differences in continuity
and RMR is significant and negative (Fj9=05.54,
$=0.043). This is not due to one or a few isolated
outliers: non-parametric analyses lead to the same
conclusion (r,= —0.62, p=0.05), and the association is
still more commonly negative than positive (nine out
of ten cases; binomial p=0.021). Thus, taxa charac-
terized by continuous singers have lower resting
metabolic rates.

But size may largely determine metabolic rate
(Bennett & Harvey 1987), so we re-examined RMR
once the effects of body size have been removed, and
found a negative relation with song rate (table 2; non-
parametric  statistics support this  conclusion:
r,=—0.54, p=0.03). That is, taxa with higher meta-
bolic rates for their body mass tend to have lower song
rates. No other song variable is significantly associated
with relative RMR.

(¢) Reproductive rate

Within higher taxa, subtaxa with larger clutch sizes
sing more continuously (table 3¢; binomial p=0.027).
This is different from the situation found within
genera (x%1,=28.06, p=0.005), where in most genera
(table 3a; binomial p=0.057), species with larger
clutches usually sing less continuously. These associ-
ations between clutch size and continuity are not
linear: there is no significant association between the
magnitude of differences in clutch size and the
magnitude of the differences in continuity (table 3a).
No other song variables were significantly associated
with clutch size (table 3a).

Annual fecundity is negatively associated with
intersong interval and positively associated with both
continuity and song rate within higher taxa (binomial
p=0.041, 0.041 and 0.012, respectively). These rela-
tions are also not linear (table 34), and in each case
the direction of the associations is opposite to that
found within genera, though only significantly so for
intersong interval and song rate (x%1)=>5.44, p=0.02;
=237, p=0.12; x*1;=5.09, p=0.024, respect-
ively). Thus, among higher taxa, subtaxa character-
ized by higher annual fecundities sing more continu-
ously and at a faster rate.

Within genera, there is a significant association
between the magnitude of differences in annual
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Table 3. Associations within taxa between the song variables and clutch size and annual fecundity (product of clutch size and

number of broods per year)

(Life-history data logarithmically transformed before analysis. Tabulated values are ratio of positive to negative
intra-taxon associations, and F-values for the correlation between linear contrasts within taxa. Spearman rank
correlation coeflicients were also calculated to test for associations between linear contrasts; none were

significant.)

within all taxa

within genera within higher taxa

Clutch size

song duration 21:19 Fi39=0.06 10:7 Fi16=0.10 11:12 Fy9=0.01
intersong interval 17:18 Fi33=0.29 8:6 Fi12=0.39 9:12 Fi19=0.23
continuity 19:16 Fi33<0.01 3:11 Fq112=0.05 16:5* Fy19=0.04
song rate 20:15 Fy33-=0.58 7:7 Fi12=0.02 13:8 Fi19=3.64
song repertoire size 11:18 Fi36=0.34 3:6 Fi15=0.56 8:12 TFi19=0.05
syllable repertoire size 25:20 Fi146==1.88 7:10 Fi17=1.14 18:10 Fy2;=0.39
versatility 10:13 F1’36 =0.46 3:1 F1)14 =0.17 7:12 F1)20 =0.29
Annual fecundity
song duration 20:20 Fig9==2.24 8:10 Fy17=0.28 12:10 Fi19=2.47
intersong interval 15:19 F;32<0.01 10:4 F112=0.05 5:15* Fi13=0.26
continuity 21:13 F1’32 =2.84 6:8 F1,12 =2.33 15:52 F1,18 =0.63
song rate 21:13 Fig=1.31 5:9 Fi12=0.91 16:4* Fi15=0.19
song repertoire size 18:10 Fi34==0.64 6:3 Fy1u=5.077 12:7  F115=0.19
syllable repertoire size 20:22 Fi45=0.30 9:7 F117=0.23 11:15 Fip6=2.42
versatility 15:8 Fi3=0.03 4:1 Fy14=0.30 11:7  Fi119=0.03
*p<0.05.

fecundity between species and the magnitude of
differences in their song repertoire size, but this
association is not significant when non-parametric
statistics are used (table 36), suggesting that outlying
taxa are responsible for the associations. Indeed, two
genera (Phylloscopus and Troglodytes) contain species
which differ only slightly in fecundity but which have
very large differences in repertoire sizes. If they are
excluded, there is no significant association
(F112=2.0, p=0.18). No other associations between
annual fecundity and song are significant (table 35).
Neither clutch size nor annual fecundity are corre-
lated with body mass in the taxa represented in this
sample (F159=1.35, p=0.25, negative associations
within 19 of 48 taxa, binomial p=0.19; Fy5=0.17,
p=0.69, negative associations within 22 of 50 taxa,
binomial p=0.47, respectively), so analyses of repro-
ductive rate relative to body mass are unnecessary.

(d) Visual showiness

For 15 of the 20 genera within which there is
variation in both syllable repertoire size and visual
showiness, species which are visually showier have
smaller syllable repertoire sizes more often than
expected by chance alone (binomial p=0.041; table
4). But there are an additional two genera within
which there is variation in visual showiness but not in
syllable repertoire size. These support the null hypoth-
esis of no association. There is therefore a negative
relation between song and colour in just over two
thirds of genera, but this is not significantly different
from that expected by chance alone (binomial
p=0.13; there are also two genera within which there
is variation in syllable repertoire size but not visual
showiness, so the same conclusion applies even if the
direction of causality is reversed). There is no such

Phil. Trans. R. Soc. Lond. B (1992)

association within higher taxa, so the tendency for
visually duller birds to have more complex songs is not
found among more distantly related birds. No other
song variables were significantly associated with visual
showiness. Thus, there is no evidence for a general
association between visual showiness and song.

(e) Habitat

None of the song variables were significantly asso-
ciated with variation in habitat type. There was too
little intra-generic variation in habitat to allow mean-
ingful analysis, and within higher taxa there were no
significant associations. When each habitat was com-
pared with all others, the only significant association
was between song versatility and grassland habitats:
taxa containing a large proportion of species living in
grassland habitats are significantly more likely to
contain less versatile singers than are related taxa
containing fewer or no grassland-dwelling species (10
of 11 possible comparisons, binomial p=0.012).

When habitat types were pooled into forested
habitats and open habitats, we found that songs in
forests are produced at a faster rate and are more
continuous (table 5). In neither case are these associ-
ations linear. The magnitude of differences in song
rate within each taxon do not correlate significantly
with the differences in the proportions of subtaxa
within those taxa dwelling in open habitats, but the
rank orders of the differences do (r,= —0.44, p=0.006,
n=40 intra-taxon comparisons). A similar association
is found within genera (r,=—0.59, p=0.013, n=19
intra-generic comparisons), but is not significant
within higher taxa (r,= —0.37, p=0.10, =21 intra-
taxon comparisons).

The relation between versatility and habitat is more
complex. Within all taxa, subtaxa with higher mean
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Table 4. Associations between song and visual showiness

(Visual showiness was scored on a subjective six-point scale (procedure described in text), with showier birds
ranked higher. Tabulated values are ratio of positive to negative intra-taxon associations, and the value of F for
the association between linear contrasts within taxa. Spearman rank correlation efficients were also calculated to
test for associations between linear contrasts; none were significant.)

within all taxa within genera within higher taxa

song duration 18: 25 F1,42= 321 8:13 F1’20= 1.87 10: 12 F1:20= 1.29

intersong interval 18:15 Fi3,=0.13 8:8 Fr1u=159 10: F115=0.81
continuity 14:19 Fy13,=0.25 6:10 Fiu=247 8:9 Fi;5=1.39
song rate 19:14 Fy3=0.05 10:6  Fy114=0.48 9:8 F;1;=0.08
song repertoire size 15:15 Fi137=0.61 6:6 Fi15=0.68 9:9 Fiy=175
syllable repertoire size 18:28 Fi45=0.32 5:15* F190=0.07 13:13 Fi12=0.54
versatility 11:11 Fy3,=3.04 2:3  Fi18=0.13 9:8 F117=3.89

2p<0.05, but see text for a discussion of this association.

Table 5. Associations between song and the proportion of species living in open habitats

(Tabulated values are ratio of positive to negative intra-taxon associations, and F-values for the correlation
between linear contrasts within taxa. For song versatility, there was insufficient variation in habitats and
versatility to allow meaningful analyses within genera.)

within all taxa within genera within higher taxa

song duration 17:13 F147=0.05 5:5 F124=0.16 12:8  Fia=1.12
intersong interval 10:13 Fy33=0.79 1:5 F117=0.81 9:8 Fi19=0.07
continuity 11: 12 F1,3g=3.35a 3:3 F1,17=2.67a 8:9 F1)19=0.74‘
song rate 11:12 Fi3=2.757 3:3 Fi7=1.56° 8:9 F119=0.90
song repertoire size 10:14 Fi33=0.39 3:2 Fi12=1.34 7:12 Fi19=1.79
syllable repertoire size 16:16 Fi5=0.67 3:4 Fi9<0.01 13:12 Fig6=1.15
versatility 4:15° F195=0.46 — 2:15¢ F117<0.01

*Significant non-parametric correlation at p < 0.05.
" Significant non-parametric correlation at p<0.01.
$<0.05.
4p<0.01.

song versatilities are likely to contain a higher propor-
tion of species living in forests (table 5; binomial
$=0.019), but four taxa contain variation in habitat
but not versatility. When these are counted against
the hypothesis, open habitats are associated with less
versatile singing in 15 of 23 taxa, which is not
significantly different from that expected by chance

alone (binomial p=0.21). Nevertheless, within only
higher taxa, the association is significant (15 of 17
cases, binomial p=0.002), even when the taxa with
variation in habitat but not versatility are included
(15 of 19, binomial p=0.029).

Nest type, considered either as a three-category
variable (hole nesting, open nesting or ground nest-

Table 6. Associations between song and nest type (a three-category variable: hole, open and ground nesting ) and hole against open
nesting (i.e. ground nesters excluded)

(There was too little variation in nest type within genera to attempt meaningful analyses. Tabulated F-values are
for the correlation between the within-taxon linear contrasts. Ratios are of positive to negative intra-taxon
associations between the proportion of a subtaxa that are hole nesters and a particular song variable (these ratios
cannot be calculated for the three category variable). No F-values or ratios differed significantly from that
expected by chance alone. For the hole against open nesters analysis, Spearman rank correlation coefficients were
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also calculated to test for associations between linear contrasts; none were significant.)

association with nest type

hole against open nesting

within all taxa

within higher taxa

within all taxa within higher taxa

song duration Fo42=0.33 Fo90=0.11 7:5 Fi33=0.14 6:5 F119=0.03
intersong interval Fo37=1.00 Fo18=0.03 6:3 Fi2=0.36 6:3 F117=0.35
Continuity F2,37 =0.11 Fg)m =1.1 2 5:4 FI,ZG = 055 5:4 F1,17 =0.51
song rate Fog7=2.37 Fo15=10.58 3:6 F12=0.30 3:6 Fi,i7=0.29
song repertoire size Fo30=0.06 Fo18=0.02 3:7 Fi04=0.92 3:7 Fi117=0.92
syllable repertoire size F2‘50 =0.51 F2,25 =0.94 4:9 F1,35 =248 3:9 F1)22 =2.09
Versatility F2122=0.06 F2,16=0.04' 4:4 F1)19=0.1 1 4:4 F1,14=0.14‘

Phil. Trans. R. Soc. Lond. B (1992)
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ing) or as a two-category variable (hole against open To summarize the effects of male parental care:
nesters, ground nesters excluded) was not significantly ~ greater male assistance with feeding young is asso-
associated with any of the song variables (table 6). ciated with more versatile singing, and, within higher

taxa, bigger song repertoires. For a given level of

paternal provisioning of the young, greater male

assistance with nest building is associated with smaller
Taken together in a multiple regression, the three  song repertoires within higher taxa.

variables describing male parental effort at each stage

of the nesting cycle predict significant amounts of

variation in only two of the song variables (table 7),

(f) Male parental effort

(g) Mating system

song rate within all taxa (p=0.035) and song reper- Lower song rates are associated with polygyny
toire size within higher taxa (p=0.016). The associ- (table 8). Within all taxa this relation is significant
ation with song rate is due to a single outlying genus (binomial p=0.009), but the trend is similar within

(Emberiza) which contains large variation in both song genera (binomial p=0.070) and within higher taxa
rate and male parental effort, and is not significant if ~ (binomial p=0.096) (in each case, there are no taxa
this genus is excluded (F333=0.64, p=0.59). with variation in mating system but not song rate).
How does the association between repertoire size ~ The rank orders of the differences are significantly
and male parental effort arise? Controlling for the  associated within all taxa and within higher taxa
male contribution at the other two stages, there are (rr=—0.47, p=0.004, n=40; r,=—0.51, p=0.024,
significant associations with both male effort at nest  n=21, respectively).
building and feeding young, but not assistance during Syllable repertoire size is positively associated with
incubation (nest building, F114=>5.89, p=0.027; feed-  polygyny (table 8). That is, polygynous species and
ing young, F114=12.27, p=0.003; incubation, taxa containing a large proportion of polygynous
Fi14=0.12, p=0.73). subtaxa have more complicated songs (within all taxa
Each of the three variables describing male parental ~ binomial p=0.0012; within genera, binomial
effort were tested separately for an association with ~ p=0.065, within higher taxa, binomial p=0.015;
the song variables following the procedure used for ~ when taxa with variation in mating system but not in
other single continuous variables above. The only  syllable repertoire are included, p=0.005, p=0.146
significant association, apart from that just described, and p=0.029, respectively). Neither the magnitude of
was between song versatility and feeding young. the differences in syllable repertoire sizes and poly-
Within all taxa, and within higher taxa (there was  gyny, nor the rank order of the differences are
insufficient variation in versatility and male feeding  correlated.
behaviour to allow meaningful analyses within
genera), differences in male effort at provisioning the
brood were positively associated with differences in
versatility (16 of 21 cases, binomial p=0.027; 14 of 18 Migration and continuity are associated within
cases, binomial p=0.031, respectively). A similar  genera (table 9), but this association is due to a single
association was found in the analyses reported in table  genus, Phylloscopus, which contains both migratory
7 when variation in male contribution at other nesting ~ and partly migrant species which differ widely in
stages were controlled (within all taxa: partial  continuity. There is no consistent association within
r=+0.42, p=0.055; within higher taxa: partial the other genera (Fj6=0.76, p=0.40).
r=+0.57, p=0.018). Thus, increases in male contri- Species which are more migrant than their con-
bution to feeding young are associated with increases  geners have larger song repertoires. This intra-generic
in song versatility; this relation is linear when the  relation is not the result of one or a few outliers: the
effects of male contribution to other nesting stages are  association between rank order of differences in song
controlled for. repertoire size and migratory behaviour is also signifi-
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(h) Migratory behaviour

Table 7. Associations between song and male parental effort

(Tabulated F-values are from a multiple regression analysis of the intra-taxon linear contrasts of a song variable
on to the intra-taxon linear contrasts of male contribution to nesting, incubation, and feeding of young. For each
of these dependent variables, each species was scored on a three-point scale (none, less than female, same as
female). There was insufficient variation in parental care and versatility within genera for meaningful analysis.)

THE ROYAL
SOCIETY

within all taxa within genera within higher taxa
- song duration F3,42 =0.42 F3)19 =1.10 F3,19 =0.37
<7 intersong interval F334=2.33 Fs13=2.75 F317=0.96
Yo continuity Fagi=0.22 Fai5=0.27 F317=0.82
E ; song rate Fs34=3.282 F313=2.90 F317=0.77
OU song repertoire size F308=1.89 Fsg =1.62 F316=4.662
A ﬁ o syllable repertoire size F345=1.02 F318=2.2 F305=0.62
9 Z versatility Fago=1.54 — F315=2.58
=<
T “p<0.05.
O o=

Phil. Trans. R. Soc. Lond. B (1992)
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Table 8. Associations between song and mating system

(Tabulated values are ratio of positive to negative intra-taxon associations between a song variable and the
proportion of subtaxa that are polygynous, and F-values for the association between linear contrasts within taxa.
There was insufficient variation in mating system and versatility within genera for meaningful analysis.)

within all taxa

within genera within higher taxa

song duration 17:15 F147=0.31

intersong interval 17:9  TFigs=1.41
continuity 15:11 Fi3=0.39
song rate 6:20° Fy8=3.99"

12:18 Fya=0.72
28:8¢ F1)5o=0.4—8
8:12 Fy95=0.02

song repertoire size
syllable repertoire size
versatility

7:4 F124=0.59 10:11 F21=0.02
6:2 Fi17=1.06 11:7  Fr19=0.36

4 F1)17=0‘01 11:7 F1,19=0.66
1:7 F1,17 =0.99 5:13 F1,19= 3.492
3:3 F113=0.03 9:10 Fy19=0.95
9:2 Fip=4.09 19:6¢ Fypo5=0.48
—_ 5: 1 2 F1‘17 = 002

*Non-parametric test for association significant at p <0.05.
" Non-parametric test for association significant at p <0.01.
“p<0.01.
dp<0.05.

cant (r,=0.79, p=0.005). Migrants have more com-
plicated songs: syllable repertoire size is associated
with migratory behaviour within all taxa and within
higher taxa (table 9; p=0.006 and p=0.02, respect-
ively). Non-parametric analysis confirms this
(r,;=0.28, p=0.044; »,=0.53, p=0.004). There is no
evidence of such a relation within genera (table 9;
7,=0.09, p=0.65).

6. CORRELATES OF SONG DIVERSITY

We have analysed morphological, behavioural and
ecological correlates of song diversity (summarized in
table 10). Our results suggest that the evolution of
bird song relates to behaviour and ecology, and
implies that at least some convergent evolution (gene-
tic or cultural) in song has occurred.

(a) Metabolic rate

Energetic requirements might act as a constraint on
song evolution, especially if greater song output or
complexity is more costly (Halliday 1987, Partridge &
Endler 1987). If so, output and complexity might be
expected to be lower in species with higher energy

Table 9. Associations between song and migratory behaviour

requirements. There is no evidence that energetic
requirements constrain song complexity: neither abso-
lute nor relative RMR are associated with song
complexity. However, both measures of song output
(song rate and song continuity) are lower in taxa with
higher metabolic rates, consistent with the idea that if
higher RMR indicates greater energy requirements,
song output is energy limited. Evidence from a
number of intraspecific studies of alteration of song
rates following experimental manipulation of food
availability (reviewed by Reid 1987, Cuthill & Mac-
Donald 1990), and of correlations between song rate
and body condition (see, for example, Searcy 1979)
and ambient temperature (see, for example, Reid
1987), supports this view.

We found no support for Morton’s (1982) predic-
tion of greater output and complexity in ‘small-sized
species with relatively high metabolism’. There is no
association between absolute or relative metabolic rate
or body mass and either song or syllable repertoire
size. As far as song output goes, neither continuity nor
song rate is significantly associated with body mass,
and although they are associated with RMR, in both
cases the association is in the opposite direction to that
predicted. Thus, there is no comparative evidence in

(Species were scored on a three-point scale (resident, partial migrant or migrant). Tabulated values are ratios of
positive to negative intra-taxon associations between a song variables and the extent to which a species or taxon is
migratory (treating the three-point scale as continuous), and F-values for the association between intra-taxon
linear contrasts. There was insufficient variation in migratory behaviour and versatility within genera for

meaningful analysis.)

within all taxa

within genera within higher taxa

song duration 19:13 Fi45=0.18
intersong interval 13:11 Fy38=0.02
continuity 11:13 Fi3=1.23
song rate 10:14 Fi35=0.11
song repertoire size 18:11 Fig3=1.21
syllable repertoire size 16:19 Fy5 =28.08°
versatility 15:8 Fi23<0.01

5:6 F1,25 <0.01 14:7 F1)21 =0.55
5:2 F1,17=0.15 8:9 F1)19= 1.57
4:3 Fi117=4.70* 7:10 Fy;9=0.05
2:5 F1,17=0.01 8:9 Fi19=0.20
7:2 F1’12=—‘6.71b 11:9 F1,19:0'01
4: 12:13 F1’26= 1013b

6 Fpas=0.22
: 12:7 Fi17=0.01

2p<0.05, but see text for discussion of this association.

b < 0.05; non-parametric test for association significant at p < 0.01.
¢p<0.01; non-parametric test for association significant at p < 0.05.

Phil. Trans. R. Soc. Lond. B (1992)


http://rstb.royalsocietypublishing.org/

THE ROYAL
SOCIETY

PHILOSOPHICAL
TRANSACTIONS
OF

THE ROYAL
SOCIETY

PHILOSOPHICAL
TRANSACTIONS
OF

Downloaded from rstb.royalsocietypublishing.org

Evolution of song A. F. Read and D. M. Weary 175

Table 10. Summary of associations found between putative causal variables and the song variables (controlling for phylogeny),

tabulated by causal variable and by song variable

By causal putative variable
Body size:
Metabolic rate:

No associations with any song variable

Higher rMR associated with less continuous singing

Higher rMR for a given body mass associated with lower song rates

Reproductive rate:

Larger clutches associated with more continuous songs?

Higher annual fecundity associated with shorter intersong intervals* and songs sung more

continuously® and at a faster rate?

Visual showiness:
Habitat:

No associations with any song variable
No overall effect of habitat type, but grassland habitats associated with less versatile singing,

and when habitats categorized as forested or open, forested habitats associated with faster
song rates® and more versatile singing
No associations between nest type and any song variables

Behaviour:

Opverall extent of male effort throughout nesting cycle associated with larger song repertoires.

Greater contribution by male to provisioning young associated with larger song repertoires
and more versatile singing. For a given level of paternal assistance with feeding the young,
male assistance with nest building associated with smaller song repertoires

Polygyny associated with slower song rates and bigger syllable repertoires

Migration associated with bigger song® and syllable* repertoires

By song variable
Song duration

Intersong interval

Continuity
fecundity®

Song rate

No associations with any purported causal variable
Short intervals associated with high annual fecundity®

Greater continuity associated with lower rRMR, larger clutch sizes® and higher annual
y g g

Faster song rates associated with monogamy, forested habitats®, higher annual fecundity?,

and, for a given body size, lower RMR

Song repertoire size

Associated with the extent of male provisioning throughout the nesting cycle. In particular,

larger repertoires associated with greater paternal provisioning of the young, and for a given
level of male assistance with rearing the young, less assistance with nest building. Larger song
repertoires associated with migration®

Syllable repertoire size

Versatility
grassland habitats

Larger syllable repertoires associated with polygyny, and migration®

Song versatility is lower where males contribute little to raising offspring, in open and

Direction of association within genera qualitatively different from that within higher taxa: either the opposite direction or
where absence of significance within one taxonomic level is not an obvious consequence of small sample sizes. Direction

reported in the table is that which is most significant.

support of the predictions Morton derived from his
‘ranging hypothesis’. McGregor (1991) summarizes
experimental evidence which is also contrary to this
hypothesis.

(b) Reproductive rate

Within higher taxa, annual fecundity is positively
associated with both measures of song output. Differ-
ences in clutch size between higher taxa are also
associated with differences in continuity. These direc-
tions are significantly different from that found within
genera, which is possibly a consequence of the fact
that most variation in avian life history variables is
found at higher taxonomic levels (Bennett 1986,
Saether 1988). Differences in reproductive rate are
therefore likely to be small within genera, and other
factors may exert a greater influence.

Several explanations for the associations between
annual fecundity and song output are suggested by
the finding that fecundity is known to be strongly and
negatively correlated with adult survivorship across
and within avian taxa (Saether 1988, Bennett &
Harvey 1988). Our analyses suggest that where adult
survivorship rates are low, song output is high. If the

Phil. Trans. R. Soc. Lond. B (1992)

costs of singing increase with song rate and song
continuity, then this accords with the prediction from
life history theory that current reproductive effort
should be higher where the chances of surviving to
breed again are lower (Williams 1966, Partridge &
Endler 1987).

(¢) Visual showiness

Species with visually less showy males do not
necessarily have more complex songs than those of
their showier congenerics, in contrast to the widely
held belief (see § 24) that there is a negative relation
between visual and vocal showiness. Our analysis
supports Mayr’s view (1963, p. 97) that the ‘number
of exceptions ... is too great for this to be accepted as a
general rule’. This point emphasizes the problem of
supporting general patterns by selected examples (e.g.
North American wrens (Kroodsma 1977) and Euro-
pean warblers (Catchpole and McGregor 1985)).
Clearly, there are many reasons why an association
may not be found, one of which is the difficulties of
assessing bird brightness (see, for example, Read &
Harvey 1989).

Shutler & Weatherhead (1990) examined sexual
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dichromaticism and various measures of song output
and complexity across 56 species of wood warblers
(Parulinae) with mixed results. These are difficult to
interpret, since the magnitude of sex differences in
visual showiness need have nothing to do with song
whatever the nature of any relation between male
song and male colour. Sexual dichromaticism is likely
to be a consequence of both natural and sexual
selection acting independently on each sex, and on
any genetic correlation between the sexes.

(d) Habitat

Previous analyses of the effects of habitat on song
evolution have dealt with frequency and finer details
of temporal patterning of song than we have used.
Nevertheless, consistent differences in song were found
in different habitats. For the most part, these differ-
ences were only apparent when habitat types were
categorized as open or forested (table 10). Song and
syllable repertoire do not differ consistently with
either of the habitat categorizations, but in forested
habitats, song rates are higher and singing more
versatile than in open habitats. Versatility is lower in
grassland habitats than in the other seven habitat
types.

One previous analysis of habitat and song data
across diverse taxa reported similar findings. Sorjonen
(1986) gathered song data on 49 species of European
passerines. Although he made no attempt to control
for phylogenetic associations, he too found that species
living in forests had higher song rates and greater song
versatility.

None of the other correlates of song rate and
versatility found in this study (table 10) explain the
habitat associations (association between song rate
and open/forested habitats controlling for mating
system as described above: r,=—0.43, p=0.007,
n=40; and there are no significant differences between
open and forested habitats in relative RMR (de-
scribed above); annual fecundity, [} 48=10.02, p=0.88;
male care of offspring, Fi5=0.08, p=0.79; within all
taxa in each case; non-parametric analyses and bino-
mial tests give the same conclusion).

(e) Nest type

There was no evidence for an association between
song variation and nest type (table 6), suggesting that
either male-male competition is no more intense
where holes are one of the resources being fought over,
or that if it is, this does not impose selection in a
consistent direction on the song variables considered.

(f) Parental care

If male singing performance is correlated with male
vigour, then females could use song to assess male
phenotypic quality (Catchpole 1980, Catchpole &
McGregor 1985). If so, female choice based on
characteristics of male song should be more common
in species where males provide paternal assistance.
There is no evidence of such an association with any of
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the measures of song output (table 10). There is,
however, an association between the male’s contribu-
tion to brood provisioning and both song repertoire
size and versatility. For a given level of paternal care
of the brood, males who provide the most help with
nest building have smaller repertoires. It is possible
that song repertoire sizes function secondarily in
male—-male competition, so only in species with limited
male-male competition does it pay males to spend less
time on territory defence and more on nest building.

The associations between song repertoire size and
male care of young and nest building within higher
taxa do not arise because of associations with other
correlates of song repertoire size (table 10; feeding
young, controlling for nest building and migration:
F115=13.38, p=0.002; nest building, controlling for
feeding young and migration: /15=>5.35, p=0.034).
Likewise, associations between paternal care of young
and versatility cannot be due to habitat differences
associated with versatility (table 5 and above; pater-
nal care of young does not differ between open and
forested habitats (F17=0.59, p=0.45), nor does the
level of paternal care of young in grassland habitats
differ significantly from that found in other habitats
(F1,17=0.60, p=0.45); in all cases, reported statistics
are for within higher taxa associations).

(g) Mating system

Our results indicate that polygyny is associated with
lower song rates. This is not a consequence of any of
the other correlates of song rate (table 10). Song rate
and mating system are still associated when the effects
of open/forested habitats and annual fecundity are
controlled for (r,=—-048, =40, p=0.003;
r,=—0.34, n=35, p=0.048, respectively) and there is
no significant association between mating system and
RMR when the effects of body mass are removed
(r;=0.06, p=0.81, n=17; in each of these analyses,
reported associations are from within all taxonomic
levels, use of parametric statistics does not alter the
conclusions).

What explains the association between polygyny
and song rate? One possibility is that females using
song rate as a cue in mate choice would be most likely
to obtain high quality males as fathers, and that male
quality is relatively more important to females in
monogamous species than in polygynous species.
However, the fact that variation in song rate is not
associated with male parental effort argues against
this possibility. Perhaps song rates are faster in
monogamous populations because males spend fewer
days per breeding season singing and can therefore
expend more energy per day than can males in
polygynous populations, where singing does not stop
after a male has attracted one female to his territory.

Within-song complexity is greater in polygynous
species. However, there is no evidence of an associ-
ation between mating system and between-song varia-
bility: neither song repertoire size nor versatility is
significantly associated with mating systems. Why
should polygyny be associated with greater song
complexity? It is widely accepted that the strength of
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selection imposed by female choice will be much
greater in polygynous populations (Darwin 1871,
Fisher 1930; Bradbury & Andersson 1987), and if this
is so, and song complexity is used as a cue in female
choice, it should be more complex in polygynous
populations. We note that previous comparative
analyses have demonstrated that in some taxa, song
complexity is greater in polygynous species, in others
it is greater in monogamous species, and that in still
others there is no association (§2b). While these
studies demonstrate that in particular taxa, polygyny
does not always result in greater song complexity, we
believe our analysis is the first to investigate the
association in a wide variety of different taxa.

The general association between complexity and
polygyny contradicts the prediction (Catchpole 1980,
1982, Catchpole & McGregor 1985) that song com-
plexity should be more complex in monogamous
populations, given that male quality has a relatively
greater effect on female reproductive success than
territory quality, and that song complexity is an
indicator of male quality.

The association between syllable repertoire size and
mating system is not the result of an association
between migration and syllable repertoire size (associ-
ation between migration and syllable repertoire size:
Fy39=0.64, p=0.43; non-parametric statistics lead to
the same conclusion).

(h) Migration

Migratory behaviour is associated with larger song
repertoires within genera, and with larger syllable
repertoires within higher taxonomic levels. Why
should larger song and syllable repertoire size be
associated with migration? Catchpole (1980, 1982)
suggested that migratory species have less time to
obtain a territory and a mate than resident species,
and that this would lead to more intense sexual
selection and greater song complexity. The results
reported here support this prediction.

These associations do not arise as a consequence of
associations between migratory behaviour and other
correlates (table 10) of song and syllable repertoire
sizes (association between migration and syllable
repertoire size remains significant when mating system
is controlled for; F194=28.44, p=0.008; there is insuffi-
cient intra-generic variation in the three paternal care
variables and migration for meaningful analysis, but
there is no association between paternal care and
migration within all taxa; F334=0.44, p=0.73).

7. GENERAL DISCUSSION

It is often pointed out that comparative analyses are
only as good as the data on which they are based (see,
for example, Harvey et al. 19915). For that reason, we
have appended the data used in our analyses. We
have little doubt that these data could be refined (see
Appendix), and it is clearly of interest to know
whether we failed to find associations between some
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ecological and behavioural variables because of poor
estimates of species values. However, it is often the
case in comparative analyses that true differences
between species are much greater than within-species
variation or measurement error. Showing that some
species values are not perfect does not invalidate our
results; only further analyses constitute tests of the
relations we have reported.

Many of the relationships which we have reported
are found within genera but not when subtaxa within
higher taxa are compared, or vice versa (table 10).
For example, migratory species have larger syllable
repertoires than less migratory congenerics, but taxa
characterized by migratory species do not necessarily
have higher average syllable repertoire sizes (table 9).
The opposite is true for paternal brood provisioning:
differences in parental effort by males are associated
with song repertoire size when higher taxa are
compared, but there is no such association when
congeneric species are compared (table 7). In both
cases, no associations are apparent when all intra-
taxon comparisons are considered. How could such
differences arise? Closely related species may share
many similar selective factors, so that factors which do
differ are more likely to produce detectable differences
within genera, but be obscured by the effects of a
greater number of other selective factors likely to differ
between higher taxa. Similarly, there may be insuffi-
cient variation within genera in ecology or behaviour
to produce any differences in song, but these could be
revealed when higher taxa, which are more likely to
differ, are compared. Where associations between a
particular song variable and a putative causal vari-
able within genera are in the opposite direction to that
found within higher taxa (as is the case with song
continuity and clutch size, for example; table 3a) the
same ecological or behavioural variable must itself be
associated with different conditions at different taxo-
nomic levels. This does not mean the putative causal
variable can not be involved, but an interactive effect
with some other factor may be implicated.

In many cases, associations between a particular
song and a putative causal variable are in the same
direction significantly more often than expected by
chance, but the magnitude of differences between
species or subtaxa in the values of the variables are
uncorrelated (table 10). Within a genera, for example,
more fecund species are likely to have a higher song
rate (table 3), but how much higher cannot be
predicted from differences in fecundity (§ 5¢). How
could this situation arise? Many authors have sug-
gested that sexually selected traits, and bird song in
particular, may arise as a consequence of coevolution
between signaller and receiver, or between signaller
and signaller vying for a receiver’s attention, and that
this may lead to a runaway elaboration of song (e.g.
Fisher 1930, Kroodsma 1977, Krebs & Kroodsma
1980, Catchpole 1980, Slater 1981, Craig & Jenkins
1982, Krebs & Dawkins 1984, Bradbury & Andersson
1987). If so, differences in a putative causal variable
between species or higher taxa need not be linearly
related to the magnitude of differences in a particular
song variable. Indeed, if runaway elaboration has
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occurred often, the magnitude of intra-taxon differ-
ences in song variation may have more to do with
those factors which halt elaboration than those which
initiate it.

8. TOWARDS AN EXPLANATION OF
INTERSPECIFIC SONG DIVERSITY

Several points emerge from our analyses which seem
relevant to general explanations of bird song diversity.
First, the idea that intra-sexual selection favours short,
stereotyped songs and inter-sexual selection favours
continuous output of complex songs, and that there-
fore song diversity is a consequence of interspecific
variation in the relative importance of the two types of
selection (Catchpole 1980, 1982, 1987, Slater 1981)
does not easily incorporate the associations summar-
ized in table 10. To a large extent, the ecological and
behavioural correlates of song output differ from those
associated with complexity. We see no compelling
reason to consider male-male competition and female
choice as imposing necessarily antagonistic selection
on song. Indeed, several studies have shown that in
species where song repertoire size is known to function
in male-male competition, females are more likely
to respond sexually to larger repertoires (see, for
example, Baker et al. 1986, Searcy 1988).

A second general point to emerge from our analyses
is that song and syllable repertoire sizes are associated
with both the same and different ecological and
behavioural correlates (table 10), suggesting that
conditions which promote one form of complexity
need not promote the other.

Third, given that song rate and continuity are
known to be affected by energetic considerations, they
might indicate male vigour and therefore be ideal cues
in mate choice for good fathers and/or genes (Trivers
1972, Maynard Smith 1987) and for assessments of
fighting ability in male-male competition. However,
we found that neither song rate nor continuity are
greater where more intense sexual selection might be
expected (polygynous or migratory species). Instead,
they are associated with resting metabolic rate and
fecundity, which is consistent with the idea that the
effort expended on singing depends on the energetic
requirements of the species and on the costs of current
reproductive effort on future reproduction.

Fourth, song repertoire size and versatility are
higher where males contribute more to raising the
brood. If song repertoire size is an indicator of
phenotypic quality, then females choosing males with
larger repertoires would obtain mates who are better
fathers. If larger song repertoires evolved and are
maintained as a result of female choice for high-
quality phenotypes, they might also act as indicators
of phenotypic quality in male-male competition. In
any case, the association with male parental care is
not predicted by the view that repertoire sizes are
purely a consequence of the Fisherian runaway pro-
cess (Fisher 1930, Lande 1981).

We suggest the following view of song evolution.
The level of song output is set by the relative costs and
benefits of advertising, with sexual selection always
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favouring increased output. Interspecific differences in
the benefits of advertising are small relative to inter-
specific differences in costs, so that song output is
associated with factors correlated with interspecific
differences in the costs of singing. (Note that within
species, measures of song output might still be asso-
ciated with mate attraction or male-male competi-
tion, since they may be good indicators of male
quality.) Larger song repertoire size and greater song
versatility evolve where males play a larger role in
rearing the offspring, supporting the idea (Catchpole
1980, 1982) that song repertoire size has evolved as an
indicator of male phenotypic quality. Greater
between-song complexity has thus evolved through
female choice, although if it is an honest signal of
phenotypic quality, it might also have arisen or play a
role in male-male competition.

Interspecific variation in within-song complexity is
not so easily accommodated in the same way. Unlike
song repertoire size and versatility, syllable repertoire
size does not correlate with paternal care. Rather, it is
greater in those situations where sexual selection
might be expected to be more intense (polygyny,
migratory populations). If female choice is involved in
generating interspecific differences in syllable reper-
toire size, then it is unlikely that females are choosing
for quality of male care.

9. CONCLUSION

We have shown that aspects of interspecific song
diversity are associated with differences in ecology,
behaviour and physiology. However, we emphasize
the exploratory nature of the exercise. Better data and
more sensitive statistical methods may reveal addi-
tional associations. The essence of empirical testing is
repeatability, and each of the correlations summarized
in table 10 deserves to be tested on other species of
song birds. It is in this spirit that we publish the raw
data underlying our analyses (Appendix 1). Our
hypotheses are amenable to testing by further com-
parative analyses or by intraspecific studies. As
demonstrated here, the factors promoting and con-
straining song evolution are likely to vary from species
to species, so we caution about generalizing from
experiments or field studies on single populations, and
urge the use of appropriate comparative analyses to
test particular hypotheses.

Finally, it is likely that there are more factors
influencing song diversity than those discussed in this
paper. For example, when all the correlates of song
repertoire size are considered together in a multiple
regression, they explain only 22.39, of the variance in
song repertoire sizes within all taxa. While this may be
a reflection of the quality of the data andjor the
comparability problem (§ 3), it seems probable that
factors other than those included in this analysis
remain to be discovered. There is enormous potential
for further comparative analyses of song diversity,
both of the variables considered here and others
such as the proportion of the day spent singing
and finer analyses of song structure (e.g. tonality,
frequency).


http://rstb.royalsocietypublishing.org/

THE ROYAL
SOCIETY

PHILOSOPHICAL
TRANSACTIONS
OF

THE ROYAL
SOCIETY

PHILOSOPHICAL
TRANSACTIONS
OF

Downloaded from rstb.royalsocietypublishing.org

This work would not have been feasible without the
Alexander Library of the Edward Grey Institute of Field
Ornithology, and we are extremely grateful to L. Birch and
C. Perrins who maintain such a superb facility. We thank
M. Pagel for his comparative program; P. Bennett for access
to unpublished data; I. Cuthill, P. Harvey, A. Horn, E.
Krebs, J. Krebs, R. Lemon, J. Mongrain, J. Mountjoy and
M. Pagel for discussion and/or comments on earlier versions;
J. Mongrain for logistic support; and P. Weatherhead and
R. Montgomerie, whose Ski Canada Fund provided the
financial incentive to finish the manuscript. We were
supported by Christ Church, Lloyd’s of London Tercen-
tenary Foundation (A.R.) and NSERC (D.W.).

REFERENCES

Baker, M.C., Bjerke, T.K., Lampe, H. & Espmark, Y. 1986
Sexual responsiveness of female great tits to variation in
size of male song repertoires. Am. Nat. 128, 491-498.

Baker, R.R. & Parker, G.A. 1979 The evolution of bird
coloration. Phil. Trans. R. Soc. Lond. B. 287, 63-130.

Bennett, P.M. 1986 Comparative studies of morphology,
life history and ecology among birds. Ph.D. thesis, Univer-
sity of Sussex.

Bennett, P.M. & Harvey, P.H. 1987 Active and resting
metabolic rate in birds: allometry, phylogeny and eco-
logy. J. Zool. 213, 327-363.

Bennett, P.M. & Harvey, P.H. 1988 How fecundity
balances mortality in birds. Nature, Lond. 333, 216.

Bowman, R.I. 1983 The evolution of song in Darwin’s
finches. In Patterns of evolution in Galapagos organisms (ed. R.
I. Bowman, M. Berson & A. E. Leviton), pp. 237-537.
San Francisco: American Association for the Advance-
ment of Science Pacific Division.

Brackenbury, J.H. 1979 Power capabilities of the avian
sound-producing system. J. exp. Biol. 78, 163-166.

Bradbury, J.W. & Andersson, M.B. 1987 Sexual selection:
testing the alternatives. Chichester: John Wiley & Sons.

Brenowitz, E.A. & Arnold, A.P. 1986 Interspecific com-
parisons of the size of neural song control regions and song
complexity in duetting birds: evolutionary implications.
J. Neurosci. 6, 2875-2879.

Canady, R.A., Kroodsma, D.E. & Nottebohm, F. 1984
Population differences in complexity of a learned skill are
correlated with the brain space involved. Proc. natn. Acad.
Sci. U.S.A. 81, 6232-6234.

Catchpole, C.K. 1980 Sexual selection and the evolution of
complex songs among European warblers of the genus
Acrocephalus. Behaviour 74, 149-166.

Catchpole, C.K. 1982 The evolution of bird sounds in
relation to mating and spacing behaviour. In Acoustic
communication in birds. vol. 1 (ed. D. E. Kroodsma & E. H.
Miller), pp. 297-319. New York: Academic Press.

Catchpole, C.K. 1987 Bird song, sexual selection and
female choice. Trends Ecol. Evol. 2, 94-97.

Catchpole, C.K. & McGregor, P.K. 1985 Sexual selection,
song complexity and plumage dimorphism in European
buntings of the genus Emberiza. Anim. Behav. 33, 1378—
1380.

Craig, J.L. & Jenkins, P.F. 1982 The evolution of complex-
ity in broadcast song of passerines. J. theor. Biol. 95, 415~
422.

Cuthill, I.C. & Macdonald, W.A. 1990 Experimental
manipulation of the dawn and dusk chorus in the
blackbird Turdus merula. Behav. Ecol. Sociobiol. 26, 209-216.

Darwin, C. 1871 The descent of man, and selection in relation to
sex. London: John Murray.

Farabaugh, S.M. 1982 The ecological and social signifi-

Phil. Trans. R. Soc. Lond. B (1992)

Evolution of song A. F. Read and D. M. Weary 179

cance of duetting. In: Acoustic communication in birds, vol. 2
(ed. D. E. Kroodsma & E. H. Miller), pp. 85-125. New
York: Academic Press.

Felsenstein, J. 1985 Phylogenies and the comparative
method. Am. Nat. 125, 1-15.

Telsenstein, J. 1988 Phylogenies and quantitative charac-
ters. Ann. Rev. Ecol. Syst. 19, 445-467.

Fisher, R.A. 1930 The genetical theory of natural selection.
Oxford: Clarendon Press.

Gadgil, M. & Bossert, W.H. 1970 Life history conse-
quences of natural selection. Am. Nat. 104, 1-24.

Gilliard, T. 1956 Bower ornamentation versus plumage
characteristics in bower-birds. Auk 73, 450-451.

Halliday, T.R. 1987 Physiological constraints on sexual
selection. In Sexual selection: testing the alternatives (ed. J. W.
Bradbury & M. B. Andersson), pp. 247-264. Chichester:
John Wiley and Sons.

Hamilton, W.D. & Zuk, M. 1982 Heritable true fitness and
bright birds: a role for parasites? Science, Wash. 218, 384—
387.

Harper, D. 1991 Communication. In Behavioural ecology. An
evolutionary approach. 3rd edn. (ed. J. R. Krebs & N.
Davies), pp. 376-397. Oxford: Blackwell Scientific.

Hartshorne, C. 1973 Born to sing. Bloomington: Indiana
University Press.

Harvey, P.H. & Bradbury, J.R. 1991 Sexual selection. In
Behavioural ecology; An evolutionary approach. 3rd edn. (ed.
J. R. Krebs & N. Davies), pp. 203-233. Oxford: Blackwell
Scientific.

Harvey, P.H. & Mace, G.M. 1982 Comparisons between
taxa and adaptive trends: problems of methodology. In
Current problems in sociobiology (ed. King’s College Sociobio-
logy Groups), pp. 343-362. Cambridge University Press.

Harvey, P.H. & Pagel, M.D. 1991 The Comparative method in
evolutionary biology. Oxford University Press.

Harvey, P.H., Pagel, M.D. & Rees, J.A. 1991« Mam-
malian metabolism and life histories. Am. Nat. 137, 556
566.

Harvey, P.H., Read, A.F., John, J.L., Gregory, R.D. &
Keymer, A.E. 19915 An evolutionary perspective: using
the comparative method. In Parasite-host associations.
Coexustence or conflict? (ed. C. A. Toft, A. Aeschlimann &
L. Bolis), pp. 344-355. Oxford University Press.

Howard, R. & Moore, A. 1980 A complete checklist of birds of
the world. London: Macmillan.

Hunter, M.L. & Krebs, J.R. 1979 Geographic variation in
the song of the great tit (Parus major) in relation to
ecological factors. J. Anim. Ecol. 48, 759-785.

Huxley, J.S. 1938 Darwin’s theory of sexual selection and
the data subsumed by it, in light of recent research. Am.
Nat. 72, 416-433.

Irwin, R.E. 1990 Directional selection cannot explain
variation in song repertoire size in New World blackbirds
(Icterinae). Ethology 85, 212-224.

Krebs, J.R. 1977 The significance of song repertoires: the
Beau Geste hypothesis. Anim. Behav 25, 475-478.

Krebs, J.R. & Dawkins, R. 1984 Animal signals: mind-
reading and manipulation. In Behavioural ecology. An
evolutionary approach. 2nd edn. (ed. J. R. Krebs & N. B.
Davies), pp. 380-402. Oxford: Blackwell Scientific.

Krebs, J.R. & Kroodsma, D.E. 1980 Repertoires and
geographical variation in bird song. In Advances in the study
of animal behaviour, vol. 2 (ed. J. S. Rosenblatt, R. A.
Hinde, C. Beer & M. C. Busnel), pp. 143-177. New York:
Academic Press.

Kroodsma, D.E. 1977 Correlates of song organisation
among North American wrens. Am. Nat. 111, 995-1008.

Kroodsma, D.E. 1982 Song repertoires: problems in their
definition and use. In Acoustic communication in birds, vol 2


http://rstb.royalsocietypublishing.org/

THE ROYAL
SOCIETY

PHILOSOPHICAL
TRANSACTIONS
OF

THE ROYAL
SOCIETY

PHILOSOPHICAL
TRANSACTIONS
OF

Downloaded from rstb.royalsocietypublishing.org

180 A.F. Read and D. M. Weary  FEwvolution of song

(ed. D. E. Kroodsma & E. H. Miller) pp. 125-146. New
York: Academic Press.

Kroodsma, D.E. & Verner, J. 1987 Use of song repertoires
among marsh wren populations. Auk 104, 63-72.

Lack, D. 1968 Ecological adaptations for breeding in birds.
London: Methuen.

Lambrechts, M. & Dhondt, A.A. 1988 The anti-exhaus-
tion hypothesis: a new hypothesis to explain song perfor-
mance and song switching in the great tit. Anim. Behav. 36,
327-334.

Lande, R. 1981 Models of speciation by sexual selection on
polygenic traits. Proc. natn. Acad. Sci. U.S.A. 78, 3721-
3762.

Loffredo, C.A. & Borgia, G. 1986 Sexual selection, mating
system and the evolution of acoustical displays. Am. Nat.
128, 773-794.

Maynard Smith, J. 1987 Sexual selection — a classification of
models. In Sexual selection: testing the alternatives (ed. J. W.
Bradbury & M. B. Andersson), pp. 9-20. Chichester:
John Wiley and Sons.

Mayr, E. 1963  Animal species and evolution. Cambridge,
Massachusetts: Harvard University Press.

McGregor, P.K. 1991 The singer and the song: on the
receiving end of bird song. Biol. Rev. 66, 57-82.

Morton, E.S. 1982 Grading, discreteness, redundancy and
motivational-structural rules. In Acoustic communication in
birds, vol. 1 (ed. D. E. Kroodsma & E. H. Miller),
pp- 183-212. New York: Academic Press.

Nottebohm, F.; Kasparian, S. & Pandazis, C. 1981 Brain
space for a learned task. Brain Res. 213, 99-109.

Nottebohm, F., Nottebohm, M.E. & Crane, L. 1986
Developmental and seasonal changes in canary song and
their relation to changes in the anatomy of song control
nuclei. Behav. neural Biol. 46, 445-471.

Pagel, M.D. & Harvey, P.H. 1988 Recent developments in
the analysis of comparative data. Q. Rev. Biol. 63, 413~
440.

Pagel, M.D. & Harvey, P.H. 1989 Comparative methods
for examining adaptation depend on evolutionary models.
Folia primat. 53, 203-220.

Partridge, L. & Endler, J.A. 1987 Life history constraints
on sexual selection. In Sexual selection: testing the alternatives
(ed. J. W. Bradbury & M. B. Andersson), pp. 265-277.
Chichester: John Wiley and Sons.

Payne, R.B. 1983 Bird songs, sexual selection and female
mating strategies. In Social behaviour of female vertebrates (ed.
S. Waser), pp. 55-90. New York: Academic Press.

Promislow, D.E.L. 1991 The evolution of mammalian
blood parameters: patterns and their interpretation. Phy-
stol. Zool. 64, 393-431.

Pruett-Jones, S.G., Pruett-Jones, M.A. & Jones, H.I. 1990
Parasites and sexual selection in birds of paradise. Am.
Zool. 30, 287-298.

Read, A.F. 1991 Passerine polygyny: a role for parasites?
Am. Nat. 138, 434-459.

Read, AF. & Harvey, P.H. 1989 Reassessment of com-
parative evidence for the Hamilton and Zuk hypothesis
on the evolution of secondary sexual characters. Nature,
Lond. 339, 618-620.

Read, A.F. & Weary, D.M. 1990 Sexual selection and the
evolution of bird song: a test of the Hamilton-Zuk
hypothesis. Behav. Ecol. Sociobiol. 26, 47-56.

Reid, M.L. 1987 Costliness and reliability in the singing
vigour of Ipswich sparrows. Anim. Behav. 35, 1735-1744.

Ridley, M. 1983 The explanation of organic diversity; The
comparative method and adaptations for mating. Oxford: Clar-
endon Press.

Phil. Trans. R. Soc. Lond. B (1992)

Ryan, M.J. 1988 Energy, calling and selection. Am. Zool.
28, 885-898.

Ryan, M.J. & Brenowitz, E.A. 1985 The role of body size,
phylogeny and ambient noise in the evolution of bird
song. Am. Nat. 126, 87-100.

Saether, B. 1988 Pattern of covariation between life-history
traits of European birds. Nature, Lond. 331, 616-617.

Searcy, W.A. 1979 Sexual selection and body size in male
redwinged blackbirds. Evolution 33, 649-661.

Searcy, W.A. 1988 Dual intersexual and intrasexual func-
tions of song in red-winged blackbirds. In Proc. Acta XIX
Ornithol. Int. Cong. (ed. H. Ouellet), pp. 1373-1381.
University of Ottawa Press.

Searcy, W.A. & Andersson, M. 1986 Sexual selection and
the evolution of song. 4. Rev. Ecol. Syst. 17, 507-533.
Shutler, D. & Weatherhead, P.J. 1990 Targets of sexual
selection: song and plumage in wood warblers. Evolution

44, 1967-1977.

Shy, E. 1983 The relation of geographic variation in song
to habitat characteristics and body size in North Ameri-
can tanagers (Thraupinae: Piranga). Behav. Ecol. Sociobiol.
12, 71-76.

Sibley, C.G. & Ahlquist, J.E. 1985 The phylogeny and
classification of the passerine birds based on comparisons
of the genetic material. In Proc. XVIII Cong. Intern.
Ornithol. Acta, vol. 1 (ed. V. D. Ilyichev & V. M.
Gavrilov), pp. 83-121. Moscow: Nauka.

Sibly, R.M. & Calow, P. 1986 Physiological ecology of
animals. Oxford: Blackwell Scientific.

Simms, E. 1985 British warblers. London: Collins.

Slater, P.J.B. 1981 Chaffinch song repertoires. Observa-
tions, experiments and a discussion of their significance.
Z. Tierpsychol. 56, 1-24.

Sorjonen, J. 1986 Factors affecting the structure of song
and the singing behaviour of some northern European
passerine birds. Behaviour 98, 286-304.

Taigen, T.L. & Wells, K.D. 1984 Energetics of vocaliza-
tion by an anuran amphibian (Hyla versicolor). J. comp.
Physiol. B 155, 163-170.

Trevelyan, R., Harvey, P.H. & Pagel, M.D. 1990 Meta-
bolic rates and life histories in birds. Funct. Ecol. 4, 135—
141.

Trivers, R.L. 1972 Parental investment and sexual selection.
In Sexual selection and the descent of man (ed. B. Campbell),
pp- 136-179. Chicago: Aldine Publishing Company.

Weary, D.M. & Lemon, R.E. 1988 Evidence against the
continuity-versatility relationship in bird song. Anim.
Behav. 36, 1379-1383.

Wiley, R.H. 1991 Association of song properties with
habitats for the territorial oscine birds of eastern North
America. Am. Nat. 138, 973-993.

Wiley, R.H. & Richards, D.J. 1978 Physical constraints on
acoustic communication in the atmosphere: implications
for the evolution of animal vocalizations. Bekav. Ecol.
Sociobiol. 3, 69-94.

Wiley, R.H. & Richards, D.J. 1982 Adaptations for
acoustic communication in birds: sound transmission and
signal detection. In: Acoustic communication in birds vol. 1
(ed. D. H. Kroodsma & E. H. Miller), pp. 131-181. New
York: Academic Press.

Williams, G.C. 1966 Adaptation and natural selection. Prince-
ton University Press.

Received 26 February 1992; accepted 19 May 1992


http://rstb.royalsocietypublishing.org/

Downloaded from rstb.royalsocietypublishing.org

181

Evolution of song A. F. Read and D. M. Weary

€861 [e10D) B Aysvpg I ¢ 9 ¥l STl smaouuaoyd smwpsy
661 POY % WIWS ‘(861 7772 visndeq ‘¢961 vINWE], B IR ‘GLE] UOW 3 UOSO( 0 ¥ I 11 6'1 shuydoma) vynuouoz
€961 WUND B Joliog ‘G/6] UOWAT R UOSGO 0 ¥ I £8°G 8% syjongp vwygoUZ
€L61 UTWP[OD ‘[86] MnooUWBY . ¥ S[[ed 0 4 I - ¢ vipsnd vjjezids
0961 9¥es] % MBI ‘G961 PIeukay ‘GLE] uowa] 3 uosqo(y 0 I I 6L°9 19 vunassod vpjezids
1861 uoydeuyy 0 I I ety GL1 vpypd vjazeds
1861 uoSIYMINY e 99 %9 — VA4 SNAUVUDLT $3129900]
0961 OTes] ¥ 19|e]y I I 9 ¥01 581 smosnf” opdg
1961 10X10g ‘[/6] TWSPOOIY ‘GLE] UOWT R UOSGO(T I I 9 65F £€8°0 smuppyrydosyhia opdig
LL61 unIel 14 L 4 — [&F4 IV D]j24aSSD]
LL61 Korpeag 0 ¢ I €9 63g SISUYRUNPUDS SHIMILBSSD]
GL61 UOWYT P sLIeH ‘g96] UESHNIN ‘§961 PIRULaY ‘GLET UowdT R uosqo( I S Sl L0°9 39C vipojus vzidsoppy
1961 1o1iog I — — — — wugoout) vzidsop v
1961 1o1iog ‘G861 MnoouIsy q ® S[red I c'g cg — 4 vup11005 vZIGS0p Y
LL61 SHPQOYORIN R SWRITIM I I G ¢y ¥l sypwialiy oounyp
961 umy — g 03 — — Smowa0Y2s DZUIQUT
6861 1032100 % 9fodyore) ‘9/6] speiuo)) — ¢ (o4 — G'1 DUDINILOY DZUIQUIST
G861 dIPH ‘G861 2[odyme) » 121y I g 60z — g vjpuLg DZLAqUITY
6L61 1ozamary I 4 ¢ 380 €70 S VZURqUE
0861 1edAS1040) — — — 9 ¢l D1 DZUPQUITT
0861 1082199 I 07 14 601 91 ViU VZUIQUT
1961 1oxi0g — 9l I — o1 ard snowodqy) smwapr)
GL6] MEB[UIIL) B 150J — [ 2 bh 1 SNUYUDUL STUDLPOULULE
1,61 101109 4 14 0% 01 €50 sypansov vpydouny
1961 20110g ‘G/6] PPYIEYD ¥ UOWDT ‘G/E] UOW] R u0sqo 14 01 oo ) L's snuaraopn] snaymay g
G161 v 12 uSqWy ‘g9p] uosdwoyy ‘G/] UOWST % UOSqO(] 0 6 1 6G°'8 bard DauUDh) DULLISSD ]
GL61 "v 12 udWY ‘g9 uosdwoyy, ‘G/p] UOWT B UOSGO(T 0 6 I 19°8 §1% DUOUD DULESSD]
8961 wosdwoy], ‘G/6] UOWAT R UOSO] 4 — ¥ 182 161 20 DULLBSSD]
6961 S0ZI9H % UOWDT ‘G961 UOWT ‘GLET UOWT % UOSqOJ 0 I 6 69 81 SypuIpiDI SHUUPID)
$861 ystewpuly — Gl — — — swsusa vproly
1861 sowe[ ‘g/6] Io1iog ‘GLE] UOWST 3 UOSGO( 4 4 €T £ $6°0 smuvpos 0241/
GLB1 10110g ‘GL6] UOW] B uUosqo 4 — 4 556G 70 snowydpapopyd oo
1861 ‘¢L61 10110g ‘G/6] UOW % UOSqO 4 4 &b o1 €0 smaomazjo 0211
0861 Adpelg I 4 zs ¢ I snasus 0aurq
¥861 sowre[ ‘g/61 Jo1iog ‘G/6] UOWT ¥ uosqo( I ¢l 9 SH'e ¢e0 suoifiavyf 0211
#861 YsIewpuIry — 31 - — — ounpos smuvy
€861 BWISPOOIY] 4 14 4 L ¥0 aqaoyd suwiofivg
1961 siaeq@ — 14 — — c'g smymiss smphpy
1961 siae — b4 — —_ 2 Suassaoury Smysvhpy
6L61 2ppng % dudeg — ¢ — — — Suzasauna xvuoprguigy
7861 BWSpooI3y - [4 € - 96°0 sy xouoprguz
0861 uosuyo[ — [ e — — suguaravy xvuoprgusy
€961 /v 12 siar( ‘0861 uosuyof’ 4 g € L 4 sipffip xouoprduzgy

$22IN0S  A[nesIaA azIs 9z1s  s[[eAlaqul  s/uoneinp

anoyrpdar  axorradar  Suosioyur Buos

J[qe4s Suos

“eyep Suissiui= — 95Ie[ A[qeINSEdWUN = 00 1X3) UT Pauyap are so[qenres Suog ‘spouad Surke| pue Sunew-sid

91} SuLmp Suos SUISIIZAPE Y3 UO A[UO BIRD PIPNOUL IM ‘183K 9] JO SIWT) JUIIIYIP 1e $9109ds JWIES Y} 10J I[B[TBAT 9I9M OINIBIIN] oY) WOIJ BIEP
aryp\ ‘souniassed uroLDWY YlroN pue ueadoiny jo saroads awos jo s§uos Jo Axadwod pue JudweSuelre ferodwoa) Jo sAINSLIN  XIANAJIYV

ALIIDOS 10 " ALIIDOS 10
n TVAOYU THL WoNiaosotd TVAOY THL o050 i

Phal. Trans. R. Soc. Lond. B (1992)


http://rstb.royalsocietypublishing.org/

Downloaded from rstb.royalsocietypublishing.org
Evolution of song

1L61 PnWeS ‘4861 ysiewpury

o
—
\
©
©

DIUYSNL OPUNIE]

1,61 [Pnweyg — — — — A v90uoyLLhq uopyY0412J
861 Ysiewpury — k4 — — - pargan uoyyaq
£861 moug 3 moug ! gl k4 — ¢ Suvpnpowt vjjunid
861 ysiewpury] — 9 - — — SNUDIUOUL 42SSDT
7861 YsIewpuiy - 6 - - - pqv vIRvIopN
Y861 Ysrewpuly — 9 — - " syvidy snypuy
9861 ZNYISNAN 0 ¢ 1 — 0 sugsaquvy snyjuy
1861 MNOdUISY (1 P S[[E] ‘9S61 HRMEIN ‘6G61 19qIed ‘CL61 UOWT ¥ uosqo(] 1 G ¢'g 18 1'¢ 5421209 DISULL]
1961 loirog 0 b4 1 — [ DUPIIIUD DZUS
1961 Ioliog — — — e o D42)qoIna) vixo
861 yslewpuly — 9 — — — $2ISNDAY]02207 SIISNDAY]0I20))
1961 10110g — (o3 — e 4 snainding snavpodiv))
6.61 eisndeg 2 wneqranig b4 [oald [ 6F 6’1 SnuvIIXIUL SNIVPOGAD)
1961 loliog — — — — 03] SUSLL] SYINPID)
$861 USITEWPUIH ‘[96] Ioriog — Sl — — o smags syanpav)
9L61 12SUmMUY pge1 ystewpury I ¢ o - o Suopy> SHInpLvY)
1961 1ouog — — — — o] Dol suyjuvIy
$861 ‘4'vg861 ‘C861 AUS 4 Lot o — 13 vigns vSuvad
G961 1109sa1J ‘vg8eI AUS 4 (o o0 ¢'6 SL'g vaowarjo vSuvLg
861 A4S 4 [+ e — — vuvnaopn) vuvag
€861 77 12 UOWOIT ‘gRET UOWIT R Areapm 4 4 3 4 ! vjjusnd viuos
€861 /v 12 UOWT ‘QRET UOWT % AIBIAN 4 1°31 (o ¥ (o] SISUIPDUDI DWOS]LA]
€861 70 12 UOWT ‘GRET UOWDST 3 AIedp 0 L'g 1 6°¢ 6'1 vjgoofis viaruia
$861 70 12 WSPOOIY /96T UL 3 UIOLY — 4 ¢ - 9'¢ snud vioauia )
€861 /v 72 UOWDT ‘GgRT UOWT 3 AIBIA 0 (o4 I 9'¢ 6°C VUGG DL0AIULLS |
€861 ‘v 12 UOWIT ‘@RET UOWIT R Areapy 4 9l k4 €6 60 vjpoyns v5vyqdorss
€861 /v 12 UOWT ‘gge] UOWDT 3§ AIedp\ 0 8¢ 1 'L 81 SISUPIDA0GIN0U SNUNIZS
€961 SIIEd ‘8861 UOWT R Areapy 0 € I 8y L'g snjgoomy sninisg
€861 IV 72 UOWIT ‘GQRT UOWT 7 AIBIAN I 1'% 4 [ 91 DUDIUIUD DLV
€861 ‘17 12 UOWOIT ‘@RET UOWT R Areapy 1 9'¢ 14 €9 4 Duva vy
6L61 SMPPUNA ‘G861 UOWT B Areap 0 6% ! 9'¢ 6'1 soyovy Swdhpy1095)
€861 v 12 UOWOIT ‘@RET UOWT R AIeapy 0 [ I 'L €1 viydpapopyd sighipyosn
G961 UG ‘G861 UowT % Areapy ¢ e ¢ £'8 G'1 Suaiur pIr04pUIq
3961 UG ‘Gg8E1 ApiEH 3 UOSLUOIN - ¢ — - Pl pussumoy varoipua(y
€861 ‘17 12 UOWT ‘@RET UOWT R Areapy 4 ¢l ¢ 6°¢ [ DuLSY I04pUs(T
9961 98I0 ‘@861 UOWT % Aredp ¢ L'e 4 'L &1 vyoj2q vwLpUsq
8L61 WO ‘8861 uOWT % Areap 4 ¢'e S I'L ¢l voupayhisuag v0ipUs
Bgg6] ApIB] % UOSLLIOIN 1 4 3 — 1 SUAIS2UTIU DI0LPUI(T
€861 70 12 UOWT ‘GRE] UOWIT B Areap I e 4 €8 60 vyousow vI0PUI T
€861 v 12 UOWOIT ‘gRET UOWIT R Areapy I [ 4 L4 Gl vosnf vawspuaq
8861 UOWT X AIedpp S 6’1 S 1'11 (o DIDU0L0I DIOLPUI (]
€861 /v 12 UOWT ‘QRET UOWT X AIBIAA 1 4 S (o 1 DIUDISDI DI0APUI (]
896] UBUNSLIYD) X SUBLIQ) — [ — 9% CL'G snyvydasoyunx snppydasoyuvy
CL6T Sq2I3 B S[[ed ‘1861 ModuUBy.(q B S[ed I 8 8 8 14 93] 39U ViU
LC61 uoAue ‘6861 S[[E] ¥ MN0dUSY (1 ‘G861 ‘1861 MnodUSY.( ¥ Sl[Ed [ S 0L — 8¢'1 vusow vjauinig
GL61 uowW9T % uosqo( 14 L01 ] 9'01 Pl vngv3 sniapy

s90Imos  A1T[nesiaA 9zIs 9zIs  s[[ealiur  s/uoneinp

sxorradar  amorradar  Suosisyur Suos

Jqe[As Suos

182 A. F. Read and D. M. Weary

(pruos) XIANAIIV

n ALITOOS mzo:wmmzﬁﬁ " ALIIOOS mzo;uummzs;
TVAOY HdH L 1vDIHdOSOTIHd TVAOY dHL IvDIHdOSO1IHd

Phil. Trans. R. Soc. Lond. B (1992)


http://rstb.royalsocietypublishing.org/

Downloaded from rstb.royalsocietypublishing.org

183

of song  A. F. Read and D. M. Weary

won o

FEvolut

6961 2ue[ % uosdwoy] ‘G/E] UOWT 2§ UOSGO(] 4 oo o 61°0 130 SISUIUL]04DI VJjaIIUN(]
861 Ysiewpuipy — Gl — — — SpoULI SNIUL)
LL61 Buwspoory] I L¥ §9 9¢ €9 saphpop3oy sahpojsos ],
L16] eWspoorsy I 9 [ — L1 uopav sahpoySos |
#861 uosdwiig ‘9961 1UeLD ‘9Gp] 10110g ‘GLE] UOWST 3 UOSGO(T ! ¢'c 8¢ 9¢ 91 snuviowopn] snioyohiy |
LL61 BUISPOOIY ‘F9GT JoLlog ‘G/E] UOWT ¥ uosqo( I i 91 69 L1 uynmaq ssuvwohsy |
8L61 19UIIA 7§ BWSPOOIY °//F] BWSPOOIY 4 99 orl ' S'1 swsuav}d sni0y10is)
LL6] BUWSPOOIDY 14 I 7’6 ¢'e G'1 $19a]05q0 smUGIvg
LL6] BWSPOOIS] I ¢ I — 9% snuvnxau $aqLayivy)
LLG] BWSPOOIY 1 1 — 8L 6'C  Smpgvaauuniq snysufiyiophiguny)
2861 uosuyo[ » esndeg 0 ¢ I — gl suvyunf viyHa)
G861 swuig — - — Il 9 vuosu viagh
G861 swuig — — — 9 4 sisuspioy viaphg
$861 USTEWPUIH ‘Cgp] swwig — 8 - 6 GL'1 vonun? vughg
G861 swwig — G1 — ¢ ¢'¢ swunwuo) viaghg
G861 swulg — 0¢ — G661 ¢'e uog viaghg
G861 swulg — 'rd — [a4 g oo viaghg
G861 swurg 0 9 I €9 L'g snjnSos snpniay
6861 swuig 0 ¥ I e 14 snjjgvawst snynaay
£961 M2qNYOS G/ UOWSTT R U0SqO(] 4 6 [£3 8G'L 1e°¢ snjuyo04 sndossophyg
9861 uLwo T, 14 ¢l 14 - e xuwpigis sndossojphyg
G861 swung 0 4 I L3 ¥ smyuqhjpos sndossoprhiyg
GL61 puowarg 1 I S 8 L0 ypauog sngossoqhyq
G861 swulg 0 I I Sl s Duavu v]21snaoy
G861 swurg 0 I I — 9% Soprowisny v]jarsnaoy
€861 swuwig 14 2l — — ¥l v103k109 svj0dduy
6861 swwig — ¢l — — — UL SIOddE
G861 swuwig 0 4 1 91 ¢l snprounl vjo2si)
G861 swulg - 4 - G'LT 14 a2 v1sY
0861 °[odyoren b4 08 [e9) 10°0 [e9) $n290g119s SMpY|ar0LY
9/61 21odyoren z L'l o €1 c'6l SNUIDGOUIOYIS SNVYFI04Y
0861 21odyoren b4 06 oo 100 [ed} sugsning Snppydasolry
¢g61 swurg ‘0gel 21odyore) 4 c oo z Fals SNAIDUIPUNLD SNIDYFI0LI
€861 uosIyIIry - 1 14 — 4 suuauyoLvI viLg
LL6T dwneT] 0 4 k4 S'e Sl supsmyvgd snivg
LLET PWNRT ‘GGET SIma] 0 I I — 1 Snuvpuou snivd
1861 HNOOUISY . ¥ S[[EJ ‘LL6] TowneT] 1 4 ¢ — 3 wlvw snvg
€861 SIPPED I ¢'1 I I ¢'g SmpuLouL Snivd
L16] Iowne] — 4 — — Al SNIDISLI SNUD
LL6T 1PWneT ‘9861 77 12 SUIGqOy - 4 — ¢ [ SUUUOLDI SnAD]
1161 Jowne] 1 Z ¢ 9% fard SNAINUIVI SMUDF
€861 SIPPED ‘LL6] 1owne] I ¢l L'e1 I Pl 401019 snivd
LL6] ToWneT ‘gYF] UOWDT G/ UOWT 3 UOSqO(] 0 I 6 GL'g LG'1 SMDISILGY SV
LL6T BdwneT I ¢ ¢ — 1'g 4opp snivd
7861 umolg 0 0l I L1 € signs quFos]
$900n0s  AIIesIoA oz1s 9zIs  s/[earoiur  s/uoneinp
sxoyradar  axorradar  Suosioyur Suos

aqe[i4s Suos

ALITODOS 10

(pru02) XIANAIIV

ALITOOS o

TVAOY dH.L

SNOILDVSNVYIL
TVOIHAOSO1IHd

TVAOY iHL

SNOILDVSNVYL
TVOIHdOSOT1IHd


http://rstb.royalsocietypublishing.org/

Downloaded from rstb.royalsocietypublishing.org

Fuvolution of song

184 A. F. Read and D. M. Weary

*(s)asuaiafar pal Y ur ULl swreiSouos
woyy 950y payewnso om ‘(oz1s ax1031adaa SqeliAs *S0) SIN[EA DWOS JO SHIRWNSD DAIS 10U PIP SIOWINE IS0} 2IYM SsIoyINE paj oy Aq TIAIS Iso) Are sueaw saads papioday
*$31RIUNS JU2001 350w B 1031100 01 yduwane spewasks Aue oxyew am pip 1ou ‘saads Yoo 10} soyewmss paystqnd oy e 193}[0d 03 3dwie ou sprwr SA| "PaAaaIns A[feoneWIsks
§S9] SEM 2IMIRIAN 1YL “ASojoii(y PR JO dminsu] 910 prempy 9yl 18 Aleiqry J2PUBXI[Y Y} JO UONI[[00 juridor Paxapul 3y} pur /861-0861 P09y [eo1So[ooy Suryoreas
AqreonewaysAs Aq pa1af[od s1om eiR(] "EIep 21sered pei oM Yo1yM 10] $9100ds U0 ATUO BYep 10] PAYDIeds DIOPIAYY 9M pue ‘(0661 ATBIA % PRIY) UONIIas [enxas jo sisoyrodAy ssered
511 1531 0} I2PIO U PIIOI[OD A[JRUISHIO SI9M BIEP 9$9T[], "SAIBUINSD INO DUYIL 0} Pue 325 erep Jno uo puedxs 01 swyo srenuwps [ xipusddy sty jo woneorgnd ayy yem adoy op

6161 UOAURT ‘COG] JOMBIN B eS| Z c'g oo 91 1 SRI0RIISIN SHPIR],
$861 USXWPUTH ‘G/H] UOWAT 3 UOSqo(] 4 6 L1 60 90 soppuiopyd snpan,
G/6] UOWDT B UOSGO(T F4 — [ 800 ¢6'1 S0 snpan
$861 UOSPYR( ‘GLET UOWIT % u0sqo( 4 9 44 91 v'e vz SHpIL ],
6861 Mg B axrafg 0 19 1 6%'8 6°0 SHIDYL SPAN [,
6L61 uoAueT ‘G/] UOWDT B Uosqo(] F96] Ioii0g 4 4 81 0'¢ 961 vuyzsn vy AR
LL6] O B uosqo(] P4 9 [ c P4 SHDIIISH SIADYIV’y
GLB1 UOWFT B UOSYO(] p96] J0110g 4 - € £%°9 ¥1°C ST SvYInY)
GL61 uowoT % uosqo(] ‘$961 10L10g 4 i 61 ¢ 6671 snpoyni snivyro)
9861 v 12 %hdug "wimﬁ Jorrog ﬁmm.mﬁ UOWST B Uosqo(] ra < rs 9G¥y 81 Mﬁww%qus‘\'u.s»«wuﬁﬁw
$861 ysIvwIpuIE] - 6 - - — vonagoqfy vmpasty
F861 ysrewpulp] — [ o B — D4IGNL D]OIIXDS
861 ysiewpuip] — 81 — s — hSL.‘G.NH«mSN\R SRINNUIOY ]
861 Yysiewpuipy — 81 — e — AYIUDUIO dYJUDUB()
1161 uuewSiag ,i [y e o G 0219905 SRIVYILT]
9861 PZPOH 4 4 oo LTS 81°¢ ppnognL SHIVYILG
7861 ‘1861 1POL B YOSINH 4 'L 1744 8L'¢ ore soyoukiyawSous snovyjug
; 0861 EOEO‘QOW — [ Ll s 9'¢ DIULISN] SRIVYJUL]
$61 YSICWPUIE] e ¢l o — e supSma snuims
G961 [CUYIURPTIM ‘GLBT UOWTT R UOSYO(T 14 oo o0 "1 90°¢ sonojshyod smupy
s900n0s  AN[IyesIon oz1$ ozIs  sfeArdjur  s/uoneinp
axoyradax  amoprodor  Buosioyul Buos
Jqeids Buos

(pruos) XIANAIIV

ALITODOS 10 " ALITOOS 1o
T

TVAOYU THL WoNiaosotd VAOY THL TOMHosoNtId


http://rstb.royalsocietypublishing.org/

THE ROYAL
SOCIETY

PHILOSOPHICAL
TRANSACTIONS
OF

THE ROYAL
SOCIETY

PHILOSOPHICAL
TRANSACTIONS
OF

Downloaded from rstb.royalsocietypublishing.org

SOURCE REFERENCES

Baptista, L.F., Morton, M.L. & Pereyra, M.E. 1981
Interspecific song mimesis by a Lincoln sparrow. Wilson
Bull. 93, 265-267.

Baptista, L.F. & Johnson, R.B. 1982 Song variation in
insular and mainland California brown creepers (Certhia
Samuliaris). J. Ormithol. 123, 131-144.

Barber, D.R. 1959 Singing pattern of the common chaf-
finch. Nature, Lond. 183, 129.

Beletsky, L.D. & Corral, M.G. 1983 Song response by
female red-winged blackbirds to male song. Wilson Bull.
95, 643-647.

Bergmann, L.D. 1977 Territorial song of bluethroats
(Luscinia). Publ. Wiss. Film Sekt. Biol. Sci. 10, 2257.

Bitterbaum, E. & Baptista, L.F. 1979 Geographic variation
in the songs of California house finches (Carpodacus
mexicanus). Auk 96, 462-474.

Bjerke, T.K. & Bjerke, T.H. 1981 Song dialects in the
redwing ( Turdus iliacus). Ornis Scand. 12, 40-50.

Borror, D.J. 1956 Variation in Carolina wren songs. Auk
73, 211-229.

Borror, D.J. 1961 Songs of finches (Fringillidae) of eastern
North America. Okio J. Sci. 61, 161-174.

Borror, D.J. 1964 Songs of the thrushes (Turdidae), wrens
(Troglodytidae), and mockingbirds (Mimidae) of eastern
North America. Ohkio J. Sci. 64, 195-207.

Borror, D.J. 1971 Songs of Aimophila sparrows occurring in
the U.S.. Wilson Bull. 83, 132-150.

Borror, D.J. 1972 Yellow-green vireo in Arizona, with
notes on vireo songs. Condor 74, 80-86.

Borror, D.J. 1981 The songs and singing behavior of the
red-eyed vireo. Condor 83, 217-228.

Borror, D.J. & Gunn, W.W.H. 1965 Variation in white-
throated sparrow songs. Auk 82, 26-47.

Bradley, R.A. 1977 Geographic variation in the song of
Belding’s Savannah sparrow (Passerculus sandwichensts beld-
ingt). Bull. FI. St. Mus. biol. Sci. 22, 57-100.

Bradley, R.A. 1980 Vocal and territorial behavior in the
white-eyed vireo. Wilson Bull. 92, 302-311.

Bremond, J.C. 1975 Specific recognition in the song of
Bonelli’s warbler (Phylloscopus bonelli). Behaviour 58, 99—
116.

Brown, C.R. 1984 Vocalizations of the purple martin.
Condor 86, 433-442.

Catchpole, C.K. 1976 Temporal and sequential organiza-
tion of song in the sedge warbler (Acrocephalus schoenobae-
nus). Behaviour 59, 226-246.

Catchpole, C.K. 1980 Sexual selection and the evolution of
complex songs among European warblers in the genus
Acrocephalus. Behaviour 74, 149-166.

Catchpole, C.K. & McGregor P.K. 1985 Sexual selection,
song complexity and plumage dimorphism in European
buntings of the genus Emberiza. Amim. Behav. 33, 1378-
1380.

Conrads, K. 1976 Studien an fremddialeckt-sankren und
dialeckt/mischsangrern des ortilans Emberiza hortulana.
J. Orn. Lpz. 117, 438-450.

Dabelsteen, T. 1984 An analysis of the full song of the
blackbird (7Turdus merula) with respect to message coding
and adaptations for acoustic communication. Ornis Scand.
15, 227-239.

D’Agincourt, L.G. & Falls, J.B. 1983 Variation of reper-
toire use in the eastern meadowlark (Sturnella magna). Can.
J. Zool. 61, 1086-1093.

Davis, L.I. 1961 Songs of North American Myiarchus. Texas
J. Sci. 8, 327-344.

Davis, J., Fisler, G.F. & Davis, B.S. 1963 The breeding
biology of the western flycatcher. Condor 65, 337-381.

Dobson, C.W. & Lemon, R.E. 1975 Re-examination of

Phil. Trans. R. Soc. Lond. B (1992)

Evolution of song  A. F. Read and D. M. Weary 185

monotony threshold hypothesis in bird song. Nature, Lond.
257, 126-128.

Dobson, C.W. & Lemon, R.E. 1977 Markovian versus
rhomboidal patterning in the song of the Swainson’s
thrush. Behaviour 62, 277-297.

Emlen, S.T., Rising, J.D. & Thompson, W.L. 1975 A
behavioral and morphological study of sympatry in the
indigo and lazuli buntings of the Great Plains. Wilson
Bull. 87, 145-179.

Ewin, J. P. 1976 Song of the reed bunting (Emberiza
schoeniclus). Ibis 118, 468—469.

Falls, J.B. 1963 Properties of birdsong eliciting responses
from territorial males. Proc. Int. Ornithol. Congr. 13, 259—
271.

Falls, J.B. & d’Agincourt, L.G. 1981 A comparison of
neighbor-stranger discrimination in eastern and western
meadowlarks. Can. J. Zool. 59, 2380-2385.

Falls, J.B. & D’Agincourt, L. 1982 Why do meadowlarks
switch song types? Can. J. Zool. 60, 3400-3408.

Falls, J.B. & Krebs, J.R. 1975 Sequences of songs in
repertoires of western meadowlarks (Sturnella neglecta).
Can. J. Zool. 53, 1165-1178.

Ficken, M.S. & Ficken, R.W. 1967 Singing behaviour of
the blue-winged and golden-winged warblers and their
hybrids. Behaviour 28, 149-181.

Gaddis, P.K. 1983 Differential use of song types by plain,
bridled and tufted titmice. Ornis Scand. 14, 16-23.

Goldman, P. 1973 Song recognition by field sparrows. Auk
90, 106-113.

Grant, P.R. 1966 The coexistence of two wren species
genus Thyrothorus. Wilson Bull. 78, 226-278.

Guttinger, H.R. 1976 Variable and constant structures in
greenfinch songs (Chloris chloris) in different locations.
Behaviour 60, 304-318.

Gyorgypal, Z. 1980 Contributions to the ethology of the
rock bunting (Emberiza cia). Aquilla 87, 71-78.

Harris, M.A. & Lemon, R.E. 1972 Songs of song sparrows
(Melospiza melodia): individual variation and dialects. Can.
J. Zool. 50, 301-309.

Helb, H.W. 1985 Ethnometric des vogelgesangs: progres-
sive und regressive aktualgenese bei der goldammer
(Emberiza citrinella). Behaviour 94, 279-323.

Hiett, J.C. & Catchpole, C.K. 1982 Song repertoires and
seasonal song in the yellowhammer, Emberiza citrinella.
Anim. Behav. 30, 568-574.

Hindmarsh, A.M. 1984 Vocal mimicry in starlings.
D. Phil. thesis, Oxford University.

Hoelzel, A.R. 1986 Song characteristics and response to
playback of male and female robins (Erithacus rubecula).
Ibis 128, 115-127.

Hultsch, H. & Todt, D. 1981 Repertoire sharing and song-
post distance in nightingales (Luscinia megarhynchos B.).
Behav. Ecol. Sociobiol. 8, 183—-188.

Hultsch, H. & Todt, D. 1982 Temporal performance roles
during vocal interactions in nightingales (Luscinia mega-
rhynchos). Behav. Ecol. Sociobiol. 11, 253-260.

Issac, D. & Marler, P. 1963 Ordering of sequences of
singing behaviour of mistle thrushes in relationship to
timing. Anim. Behav. 11, 179-188.

James, R.D. 1981 Factors affecting variation in the
primary song of North American solitary vireos (Aves:
Vireonidae). Can. J. Zool. 59, 2001-2009.

James, R.D. 1984 Structure, frequency of usage, and
apparent learning in the primary song of the yellow-
throated vireo, with comparative notes on solitary vireos
(Aves: Vireonidae). Can. J. Zool. 62, 468-472.

Johnson, N.K. 1980 Character variation and evolution of
sibling species in the Empidonax difficilis-flaviventris complex
(Aves: Tyrannidae). Univ. Calif. Publ. Zool. 112, 1-151.


http://rstb.royalsocietypublishing.org/

THE ROYAL
SOCIETY

PHILOSOPHICAL
TRANSACTIONS
OF

THE ROYAL
SOCIETY

PHILOSOPHICAL
TRANSACTIONS
OF

Downloaded from rstb.royalsocietypublishing.org

186 A. F. Read and D. M. Weary  Evolution of song

Knapton, R.W. 1981 Geographic similarity and year to
year retention of song in the clay-coloured sparrow
(Spizella pallida). Behaviour 75, 189-200.

Kreutzer, M. 1979 Etude du chant chez le bruant zizi
(Emberiza cirlus). Behaviour 71, 291-321.

Kroodsma, D.E. 1971 Song variations and singing beha-
vior in the rufous-sided towhee, Pipilo erythrophthalmus
oregonus. Condor 73, 303-308.

Kroodsma, D.E. 1977 Corrclates of song organization
among North American wrens. Am. Nat. 111, 995-1008.

Kroodsma, D.E. 1984 Songs of the alder flycatcher (Empi-
donax alnorum) and willow flycatcher (Empidonax traillii)
are innate. Auk 101, 13-24.

Kroodsma, D.E. 1985 Development and use of 100 song
forms by the eastern phoebe. Wilson Bull. 97, 21-29.

Kroodsma, D.E., Meservey, W.R., Whitlock, A.L. & Van-
derHaegen, W.M. 1984 Blue-winged warblers (Vermivora
pinus) ‘recognize’ dialects in type II but with type I song.
Behav. Ecol. Sociobiol. 15, 127-131.

Kroodsma, D.E. & Verner, J. 1978 Complex singing
behavior among Cistothorus wrens. Auk 95, 703-716.

Lanyon, W.E. 1957 The comparative biology of the
meadowlarks (Sturnella) in Wisconsin. Publs Nuttall orn.
Club 1, 1-67.

Lanyon, W.E. 1979 Development of song in the wood
thrush (Hylocichla mustelina), with notes on a technique for
hand-rearing passerines from the egg. Am. Mus. Nov.
2666, 1-27.

Latimer, W.A. 1977 A comparative study of the songs and
alarm call of some Parus species. Z. Tierpsychol. 45, 414—
433.

Lein, M.R. 1978 Song variation in a population of
chestnut-sided warblers (Dendroica pensylvanica): its nature
and suggested significance. Can. J. Zool. 56, 1266-1283.

Lemon, R.E. 1965 The song repertoires of cardinals
(Richmondena cardinalis) at London, Ontario. Can. J. Zool.
43, 559-569.

Lemon, R.E. 1968 Coordinated singing by black-crested
titmice. Can. J. Zool. 46, 1163-1167.

Lemon, R.E. & Herzog, A. 1969 The vocal behavior of
cardinals and pyrrhuloxias in Texas. Condor 71, 1-15.
Lemon, R.E. & Chatfield, C. 1973 Organization of song of

rose-breasted grosbeaks. Anim. Behav. 21, 28-44.

Lemon, R.E., Struger, J. & Lechowicz, M.J. 1983 Song
features as species discriminants in American warblers
(Parulidae). Condor 85, 308-322.

Lewis, V. 1985 Voices of willow tit and marsh tit. Br. Birds
78, 197-198.

McGregor, P.K. 1980 Song dialects in the corn bunting
(Emberiza calandra). Z. Tierpsychol. 54, 285-297.

Marler, P. 1956 The voice of the chaffinch and its function
as a language. Ibis 98, 231-261.

Marler, P. & Isaac, D. 1960 Physical analysis of a simple
bird song as exemplified by the chipping sparrow. Condor
62, 272-283.

Marler, P. & Tamura, M. 1962 Song ‘dialects’ in three
populations of white-crowned sparrows. Condor 64, 368
377.

Martin, D.J. 1977 Songs of the fox sparrow. I. Structure of
song and its comparison with song of other Emberizidae.
Condor 79, 209-211.

Morrison, M.L. & Hardy, J.W. 1983a Vocalizations of the
black-throated gray warbler. Wilson Bull. 95, 640-643.
Morrison, M.L. & Hardy, J.W. 19836 Hybridization
between hermit and Townsend’s warblers. Murrelet 64,

65-72.

Morse, D.H. 1966 The context of songs in the yellow
warbler. Wilson Bull. 78, 444-455.

Mulligan, F.R.A. 1963 A description of song sparrow song

Phil. Trans. R. Soc. Lond. B (1992)

based on instrument analysis. Proc. Int. Ornithol. Congr. 13,
272-284.

Neuschultz, F. 1986 Kurzberichte aus der laufenden
forschung. J. Orn. Lpz. 127, 514-515.

Orians, G. & Christman, G.M. 1968 A comparative study
of red-winged, tricolored and yellow-headed blackbirds.
Univ. Calif. Publ. Zool. 84, 1-81.

Payne, R.B. & Budde, P. 1979 Song differences and map
distances in a population of Acadian flycatchers. Wilson
Bull. 91, 29-41.

Post, W. & Greenlaw, J.S. 1975 Secaside sparrow displays:
their function in social organization and habitat. duk 92,
461-469.

Prescott, K.W. 1965 The scarlet tanager (Piranga olivacea).
New Jers. St. Mus. Invest. 2, 1-159.

Reynard, G.B. 1963 The cadence of bird song. Living Bird
2, 139-148.

Ritchison, G. 1981 Variance in the songs of vesper
sparrows Pooecetes gramineus. Am. Midl. Nat. 106, 392-398.

Ritchison, G. 1983 Vocalizations of the white-breasted
nuthatch. Wilson Bull. 95, 440-451.

Robbins, M.B., Braun, M.J. & Tobey, E.A. 1986 Morpho-
logical and vocal variation across a contact zone between
the chickadees Parus atricapillus and P. carolinensis. Auk 103,
655-666.

Samuel, D.E. 1971 Vocal repertoires of sympatric barn and
cliff sparrows. Auk 88, 839-855.

Schubert, M. 1967 Probleme der motivwahl und der
gesangsaktivitat bei Phylloscopus trockilus (L.). J. Orn. Lpz.
108, 265-294.

Shy, E. 1983a The structure of song and its geographic
variation in the scarlet tanager, Piranga olivacea. Am. Midl.
Nat. 112, 119-130.

Shy, E. 19836 The relation of geographical variation in
song to habitat characteristics and body size in North
American tanagers (7hraupinae: Piranga). Behav. FEcol.
Sociobiol. 12, 71-76.

Shy, E. 1984 Sympatry and allopatry of song in North
American tanagers. Behav. Ecol. Sociobiol. 15, 189-195.
Shy, E. 1985 Songs of summer tanagers (Piranga rubra):
structure and geographical variation. Am. Midl. Nat. 114,

112-124.

Simms, E. 1985 British warblers. London: Collins.

Simpson, B.S. 1984 Tests of habituation to song repertoires
by Carolina wrens. Auk 101, 244-254.

Smith, D.G. & Reid, F.A. 1979 Roles of the song repertoirce
in red-winged blackbirds. Behav. Ecol. Sociobiol. 5, 279-
290.

Snow, D.W. & Snow, B.K. 1983 Territorial song of the
dunnock (Prunella modularis). Bird Study 30, 51-56.

Sorjonen, J. 1983 Transmission of the two most character-
istic phrases of the song of the thrush nightingale Luscinia
luscinia in different environmental conditions. Ornis Scand.
14, 278-288.

Stein, R.C. 1962 A comparative study of songs recorded
from five closely related warblers. Living Bird 1, 61-71.
Temrin, H. 1986 Singing behaviour in relation to polyter-
ritorial polygyny in the wood warbler (Phylloscopus sibila-

trix). Anim. Behav. 34, 146-157.

Thompson, W.L. 1968 The songs of five species of Passerina.
Behaviour 31, 261-287.

Thompson, W.L. & Jane, P.L. 1969 An analysis of catbird
song. Jack-Pine Warbler 47, 115-125.

Weary, D.M. & Lemon, R.E. 1988 Evidence against the
continuity-versatility relationship in bird song. Anim.
Behav. 36, 1379-1383.

Weary, D.M., Lemon, R.E. & Date, EM. 1986 Acoustic
features used in song discrimination by the veery. Ethology

72, 199-213.


http://rstb.royalsocietypublishing.org/

THE ROYAL
SOCIETY

PHILOSOPHICAL
TRANSACTIONS
OF

THE ROYAL
SOCIETY

PHILOSOPHICAL
TRANSACTIONS
(@)

Downloaded from rstb.royalsocietypublishing.org

Wildenthal, J.W. 1965 Structure in primary song of the
mockingbird (Mimus polyglottos). Auk 82, 161-189.

Williams, L. & MacRoberts, M.H. 1977 Individual varia-
tion in the songs of dark-eyed juncos. Condor 79, 106-112.

Phil. Trans. R. Soc. Lond. B (1992)

FEvolution of song A. F. Read and D. M. Weary 187

Wunderle, J.M. 1979 Components of song used for species
recognition in the common yellowthroat. Anim. Behav. 27,
982-996.


http://rstb.royalsocietypublishing.org/

