
The Auk 116(3):737-748, 1999 

COMPARATIVE ANALYSIS OF PERCH-COO VOCALIZATIONS IN 
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ABSTRACT.--Some of the 16 dove species in the genus Streptopelia are very similar with 
respect to plumage pattern, but all seem to produce species-specific "perch-coo" vocaliza- 
tions. Here, we describe variation in perch-coo recordings of all 16 species. All individuals 
could be correctly classified by species in a discriminant function analysis, which means that 
the overlap in inter- and intraspecific variation was limited for the total set of acoustic pa- 
rameters. Interspecific similarity in acoustic parameters was compared with taxonomic clas- 
sification, based upon qualitative morphological characteristics and geographic distribution 
(Goodwin 1983). The clustering of species using the acoustic data set showed little congru- 
ence with taxonomic clustering. This indicates that differentiation in plumage pattern does 
not necessarily coincide with differentiation in acoustic characteristics. However, our anal- 
ysis did not completely contradict the subdivision into four taxonomic groups based on mor- 
phology and distribution. Two of the four putative groups differed significantly from the 
other groups in one of the components of a principal components analysis. Vocal differen- 
tiation in Streptopelia doves was strongest in temporal components, which is in line with 
expectations based on the evolutionarily conservative syringeal constraints. Received 29 Sep- 
tember 1997, accepted 4 January 1999. 

DIFFERENT SPECIES of a particular taxonomic 
group of birds often share vocal characteristics. 
At the same time, some vocal characteristics 
serve as accurate indicators of species status. 
For this reason, song comparisons have been 
widely used to evaluate relationships among 
species (see Payne 1986). Comparative analyses 
of vocalizations have been used to evaluate in- 

tra- and interspecific variation in several avian 
genera (e.g. Zann 1974, Miller 1978, Collins and 
Goldsmith 1998) and have led to suggestions 
for taxonomic subdivisions within some genera 
of doves (Geopelia, Harrison 1969; Zenaida, Bap- 
tista et al. 1983). Other studies have evaluated 
vocal variation among species in the context of 
phylogenetic reconstruction (e.g. G•ttinger 
1970, Miller et al. 1988, Islam and Crawford 
1996, Miller 1996, McCracken and Sheldon 
1997). In this study, we use a comparative ap- 
proach to match vocal similarity among Strep- 
topelia doves with their taxonomic classifica- 
tion. We used phenetic analyses of the "perch- 
coo" vocalization, and, as our taxonomic ref- 
erence, we used a clustering suggested by 
Goodwin (1983), based on the qualitative in- 
terpretations of differences among species in 
morphology and distribution. 

E-mail: slabbekoorn@rulsfb.leidenuniv. nl 

Perch-coo vocalizations of doves are regard- 
ed as functionally similar to advertising songs 
in songbirds; they serve in male-male conflict 
and for female attraction (Jackson and Basket 
1964; Davies 1970, 1974; Goodwin 1983; Cramp 
1985; Baptista 1996). Sexual selection may lead 
to intraspecific expansion of variance in the 
acoustic parameters of such a signal. However, 
the same signal also may serve in species rec- 
ognition (Becker 1982, Nelson 1989). In this 
context, the negative consequences of hybrid- 
ization may lead to intraspecific contraction of 
variance and interspecific divergence (see Mil- 
ler 1982). Sexual selection may shape acoustic 
parameters such as frequency range or repeti- 
tion pattern of vocalizations, but acoustic limits 
are affected by environmental and phylogenet- 
ic constraints (Ryan and Brenowitz 1985). Phy- 
logenetic constraints make it likely that closely 
related species are more similar in vocal pa- 
rameters than are distantly related species. 
Features like body size (Wallschl•iger 1980, Tu- 
baro and Mahler 1998) and syrinx morphology 
(Gaunt 1988, Podos 1997) may impose limita- 
tions on sound production, and the auditory 
sensitivity of receivers may restrict the char- 
acteristics of communicative sounds to those of 

the species-specific hearing range (Dooling 
1982, Ryan et al. 1990). In addition, the evolu- 
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tionary and ontogenetic flexibility of the neural 
pathways involved in vocal control and audi- 
tory processing may play an important role, 
potentially affecting acoustic character diver- 
gence and convergence via constraints on 
sound production and perception (Bass and 
Baker 1991, Smith 1994). 

For selection to act on behavioral traits, var- 
iance in the traits must have a heritable basis. 

Doves develop vocal characters independent of 
learning (Nottebohm and Nottebohm 1971). 
Darwin (1868) reported that Rock Doves (Co- 
lumba livia) could be artificially selected for 
temporal qualities of their coos (see also Bap- 
tista and Abs 1983). Vocalizations of hybrids of 
various Streptopelia doves either resembled one 
parental type, were intermediate between the 
parents, or resembled neither of the parents; 
the degree of disruption in coo characteristics 
increased as the relatedness of the parental 
forms decreased (Lade and Thorpe 1964, Da- 
vies 1970, Baptista 1996). 

The aim of this paper is to examine a repre- 
sentative set of recordings for all 16 species of 
Streptopelia doves and to give a descriptive 
overview of their perch-coo characteristics. The 
coos of Streptopelia are relatively simple and 
well suited for extensive quantitative analyses, 
as was shown for S. decaocto (ten Cate 1992; ten 
Cate and Ballintijn 1996; Ballintijn and ten Cate 
1997a, b). Species of Streptopelia show little di- 
vergence in allometry, and their syrinx appears 
to be anatomically restricted in producing var- 
iation in frequency range or frequency modu- 
lation patterns (Warner 1972, Ballintijn et al. 
1995). Gaunt (1988) remarked that even birds 
with a relatively simple syrinx morphology can 
produce rather differently structured vocali~ 
zations by varying the rate and pattern of air- 
flow. If this has affected vocal evolution in 

Streptopelia species, then one might expect vo- 
cal differentiation in temporal features in par- 
ticular. 

We compared interspecific similarity in 
perch-coos with the taxonomic clustering pro- 
vided by Goodwin (1983). This is the prime ref- 
erence for the taxonomy of doves (Howard and 
Moore 1991, Baptista et al. 1997) and is based 
on the qualitative interpretation of morpholog- 
ical characteristics and geographic distribution 
(see Fig. 1). Phenetic classifications, like those 
based on plumage pattern (Goodwin 1983) or 
acoustic characteristics (this study), need not 
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Dendrogram reconstructed after Good- 
win (1983) on the classification of 16 Streptopelia spe- 
cies. The classification is based upon qualitative mor- 
phological and distributional characteristics. TD = 
turtle-dove group, RD = ringed dove group, PI S. 
picturata, and CS S. chinensis / S. senegalensis group. 

necessarily reflect common ancestry, but it is of 
interest to see whether they show the same pat- 
tern of clustering. Insight into how evolution- 
ary pathways led to the similarities and dissim- 
ilarities in such features has to await a phylo- 
genetic analysis of the genus Streptopelia based 
on an independent data set. 

METHODS 

Subjects.--The 16 species of Streptopelia, commonly 
referred to as "turtle-doves," are slender, relatively 
long-tailed, gray or brown pigeons (Goodwin 1983). 
Neck or collar patterns are the most conspicuous ex- 
ternal plumage characteristics. The turtle doves are 
native to temperate and tropical regions of Europe, 
Asia, and Africa. Some of the species are expanding 
their distribution in Pacific, Australian, and Nearctic 
regions where they were introduced relatively re- 
cently. Most species inhabit open woodlands and a 
wide range of human settlements. They feed mainly 
on grains and seeds, although the forest-dwelling 
species frequently eat berries and other small fruits. 
Streptopelia doves are usually abundant within their 
range. They are territorial but often form large for- 
aging or sleeping groups, particularly outside of the 
breeding season. All species are strong fliers, and 
some are long-distance migrants. 

Goodwin (1983) divided the 16 species into four 
groups based on appearance and geographic distri- 
bution (see Table 1). The four species of typical "tur- 
tle doves" are darker than the other species and have 
a mottled pattern on the back of their wings and ei- 
ther a black-and-white striped patch or a completely 
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TABLE 1. Overview of the genus Streptopelia. A description of the neck pattern is given because it is the most 
conspicuous field characteristic. We also list brief descriptions of geographic distribution based on Good- 
win (1983) and Howard and Moore (1991). 

Species Group a Size b Neck pattern Distribution 

S. turtur TD 26 to 28 Striped patch Europe, W Asia, N Africa 
S. lugens TD 28 to 31 Black patch E Africa, SW Arabia 
S. hypopyrrha TD 29 to 31 Black patch E Nigeria, W Cameroon 
S. orientalis TD 33 to 35 Striped patch Central to E India 
S. bitorquata RD 29 to 31 Black collar Philippines, Indonesia 
S. decaocto RD 31 to 33 Black collar Europe to E China, India 
S. roseogrisea RD 29 to 30 Black collar Sahelian Africa 
S. reichenowi RD 26 to 28 Black collar S. Somalia, NE Kenya 
S. decipiens RD 28 to 30 Black collar Africa S of Sahara 
S. semitorquata RD 33 to 36 Black collar Africa S of Sahara 
S. capicola RD 25 to 28 Black collar S and E Africa 
S. vinacea RD 24 to 26 Black collar Africa S of Sahara and N of equator 
S. tranquebarica RD 22 to 24 Black collar SE Asia 
S. picturata PI 27 to 33 Side spots Madagascar 
S. chinensis CS 27 to 33 Spotted patch SE Asia 
S. senegalensis CS 25 to 27 Throat spots Africa, Middle East, SW Asia 

"TD - turtle-dove group, RD - ringed dove group, PI = S. picturata, and CS - S. chinensis/S. senegalensis group. Based on Goodwin (1983). 
b Head to-tail length (cm). 

black patch at either side of their neck. The largest 
group within the genus, the "ring-necked turtle 
doves" (or "ring doves"), consists of nine species, 
each of which has a more or less uniform gray plum- 
age and a characteristic black collar around the neck. 
The other two groups consist of, respectively, one 
species (S. picturata, Madagascar Turtle-Dove) and 
two species (S. chinensis [Spotted Dove] and S. sene- 
galensis [Laughing Dove]). These species differ in 
several morphological features such as plumage pat- 
tern and relative length of the tail and wings. Good- 
win (1983) also suggested that within the turtle-dove 
group, S. lugens and S. hypopyrrha are the product of 
the most recent species split, and they may be more 
closely related to S. turtur than to S. orientalis. In the 
ringed group, S. vinacea and S. capicola are assumed 
to be monophyletic, as are S. bitorquata, S. decaocto, 
and S. roseogrisea. 

Recordings.--Most of the recordings were made in 
private aviaries and zoological gardens in the Neth- 
erlands and Belgium. These were supplemented by 
recordings of free-living doves in the Netherlands, 
Thailand, Uganda, Cameroon, and Ghana. The final 
collection was completed with some recordings from 
the National Sound Archive in London. The record- 

ings of doves in aviaries were made with a Sennheis- 
er MKH P48 microphone and a Sony TC-D5 Pro re- 
corder, using TDK AD90 tapes. Some of the record- 
ings of free-living doves were made with the same 
equipment, and some with a Sony F-V9 microphone 
with a Sony TCM-S66V recorder. We assumed that all 
individuals recorded were males, because males are 

the most vocal sex, and females produce distinctive 
coos that differ from those of males in various ways 
(Goodwin 1983, Cramp 1985, Ballintijn and ten Cate 

1997a). Variation in the perch-coo of individual Eur- 
asian Collared-Doves (S. decaocto) is less than that be- 
tween individuals (ten Cate 1992), and differences 
between individuals are consistent for the same 

adult males over time (Ballintijn and ten Cate 1997b). 
Coo assignment.--A "coo" bout consists of a series 

of sound elements that vary in frequency and in tem- 
poral and structural features. In such a bout, we de- 
fined a species-specific coo as the smallest stereotyp- 
ic repetition of similar element sequences. Addition- 
al criteria were (1) pauses between coos typically are 
longer than pauses within coos; (2) the first element 
of a bout is likely to be the first element of a coo; and 
(3) the last element of a bout is likely to be the last 
element of a coo. These criteria were not always ap- 
plicable simultaneously, e.g. because the bout ended 
in the middle of a coo, leading to contradicting cri- 
teria. However, all dubious coo assignments were re- 
solved after analyses of multiple bouts and multiple 
individuals per species. One coo in the middle of a 
bout was chosen for detailed measurements. This is 

the least-variable part of a bout in S. decaocto, for 
which the perch-coo has been studied extensively 
(M. R. Ballintijn pers. comm.). 

Measurements.--The recordings were digitized at a 
sample rate of 11 kHz using Canary 1.1 software on 
a Macintosh computer. We applied Fast Fourier 
transformations to create sonagrams for quantitative 
measurements with a temporal resolution of 1.44 ms 
and a frequency resolution of 10.87 Hz. First, the 
number of coos in a bout and the number of elements 

in a coo were determined. Deviations in general bout 
structure were marked. Duration was determined for 

all elements (El, E2, E3, etc.) and pauses between el- 
ements (P1, P2, P3, etc.). Other temporal measure- 
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F•c. 2. Sonagrams of an example of one perch-coo for each species. The sonagrams were generated by 
Fast Fourier Transformations using Canary 1.1 software. The frequency resolution is 10.87 Hz and the tem- 
poral resolution is 1.4 ms. 

ments were: total coo length (COLE), defined as the 
duration from the start of the first element (E 1) to the 
end of the final element (EX); coo interval (INT), de- 
fined as the duration from the end of EX to the start 

of the next El; and sound percentage (SOPE), defined 
as the summed duration of the separate elements di- 
vided by COLE. Frequency measurements included 
overall peak frequency (PEFR), which is the frequen- 
cy with the highest amplitude in the coo; maximum 
frequency (MAFR), which is the highest frequency 
present in the coo; minimum frequency (MIFR), 
which is the lowest frequency present; and peak fre- 
quencies for the individual elements (PF1, PF2, PF3, 
etc.). Furthermore, the structure of the elements of a 
coo was categorized as a "bow, .... noise," or "trill" 
type. A "bow" structure was defined as a relatively 
tonal element with a gradual increase in frequency 
in the first half and a gradual decrease in frequency 
in the second half of the element (see S. decaocto in 
Fig. 2). A "noise" structure was defined as an irreg- 
ular pattern of intensity changes in a relatively broad 
frequency range, which leads to a hoarse sound (S. 
orientalis in Fig. 2). A "trill" structure was defined as 
a regular pattern of rapidly alternating phases of 
high and low amplitude for a relatively broad fre- 

quency range (S. turtur in Fig. 2). The absolute am- 
plitude was not used as a parameter because of var- 
iation in recording distance and orientation toward 
the microphone. 

Statistical analyses.--Phenetic analyses comprise 
methods to form groups based upon overall similar- 
ity among entities, in contrast to phylogenetic anal- 
ysis that are based on evolutionary relationships (see 
Felsenstein 1982, Sokal 1986, de Queiroz and Good 
1997). The methods in use for phenetic analyses can 
be classified into ordination and cluster analysis. Or- 
dination arranges entities in a continuous multidi- 
mensional space defined by the measured parame- 
ters, and cluster analysis assigns entities to groups 
(see James and McCulloch 1990). We used both meth- 
ods in this study. 

We applied a canonical discriminant function 
analysis (DFA) on the acoustic parameters of indi- 
viduals. These parameters were averages for all the 
bouts of each individual. The individual measures 
were used to test whether the individuals could be 

correctly classified by species. Subsets of acoustic 
characters were analyzed to determine whether fre- 
quency aspects and temporal features classified the 
species' averages and individual measures equally 
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TABLE 2. General description of perch-coos for 66 individuals of 16 species of Streptopelia. N = number of 
individuals recorded; Nr = reduced sample size for measurements of EX for turtur, lugens, and chinensis 
and of E1 for senegalensis; n = number of bouts analyzed (range 1 to 5 per individual); BL = average bout 
length; NOEL = average number of elements per coo; structure = categorical description of element struc- 
tures present. S. risoria is the domesticated form of S. roseogrisea. 

Species N N, n BL NOEL Structure 

S. turtur 5 2 21 4.0 3.4 Trill 

S. lugens 4 3 4 5.0 3.7 Noise 
S. hypopyrrha 1 1 3 5.7 2.0 Trill 
S. orientalis 5 5 16 4.8 4.0 Noise 

S. bitorquata 1 1 2 15.5 3.0 Trill 
S. decaocto 5 5 25 6.4 3.0 Bow 
S. risoria 5 5 21 5.4 2.0 Bow and trill 
S. reichenowi 1 1 5 7.4 2.0 Bow and trill a 

S. decipiens 5 5 17 9.4 3.0 Bow b 
S. semitorquata 5 5 18 7.0 6.0 Bow 
S. capicola 5 5 10 13.6 3.0 Bow and trill 
S. vinacea 5 5 20 18.2 3.0 Bow 

S. tranquebarica 5 5 22 8.3 3.8 Noise 
S. picturata 4 4 8 4.6 2.0 Noise 
S. chinensis 5 2 21 3.3 3.4 Bow and trill c 

S. senegalensis 5 2 16 12.2 6.2 Bow 
Coo characteristics show a switch in the bout. 

•Bout starts with a cry. 
Coos produced independently (see text for further explanation). 

well. The parameter set used for the DFA consisted 
of continuous variables that could be measured in all 

species. Measurements concerning the coo as a 
whole were incorporated: COLE, INT, SOPE, PEFR, 
MAFR, and MIFR together with additional measure- 
ments on the first and last element of the coo: El, 
PF1, EX and PFX. The measurements of other ele- 
ments were not incorporated because interspecific 
comparison of an element such as E3 makes no sense 
if one species usually utters three elements, whereas 
the other usually utters six elements. Measurements 
of the first and last elements were incorporated be- 
cause start and end of the coo are unambiguous 
across species. We further explored the data set using 
a principal components analysis (PCA) of the spe- 
cies' averages to reduce the set of 10 measurements 
into uncorrelated multivariate components. We used 
ANOVA and post-hoc comparisons to test whether 
the species from Goodwin's (1983) putative taxo- 
nomic groups (turtle-doves, ringed doves, S. pictur- 
ata, and S. chinensis / S. senegalensis ) differed from one 
another in these components. 

Subsequently, we used cluster analyses for de- 
tailed comparison of interspecific acoustic similarity 
with the similarity-based taxonomic classification of 
Goodwin (1983). A hierarchical cluster analysis was 
performed using an average linkage method 
(UPGMA), based on a dissimilarity matrix, for which 
we used Euclidean distances (Romesburg 1984). The 
degree of similarity between perch-coos is repre- 
sented by the proximity of the horizontal branches 
in the dendrogram, with the most similar coos clos- 
est to one another The method produces a dendro- 

gram with hierarchical nonoverlapping groups. The 
magnitude of the distortion of the original similarity 
relationships by the clustering procedure is reflected 
in the cophenetic correlation coefficient (Sokal and 
Rohlf 1962). The parameter set used for cluster anal- 
ysis consisted of the continuous variables used in the 
DFA and PCA supplemented by the number of ele- 
ments in a coo (a multivariate discrete variable) and 
the binary-coded categorical variables noise, bow, 
and trill. All parameters were Z-transformed to 
make them contribute equally to the similarity com- 
parison. Cluster analyses were performed with the 
total set of 16 species, with the four groups (using 
group averages generated via species' averages), 
with only the turtle-dove subset of four species, and 
with only the ringed dove subset of nine species. All 
analyses were performed using SPSS/PC+ software. 

RESULTS 

We gathered recordings for all 16 species (Ta- 
ble 2). The total set of recordings analyzed con- 
sisted of 229 bouts from 66 individuals. For 11 

of the 16 species, data were obtained for five 
different individuals. The number of recorded 

bouts per individual ranged from one to five. 
Some spedes were less common in captivity, 
which led to a lower number of recorded indi- 

viduals. We recorded only two individuals of S. 
roseogrisea but collected data on five individu- 
als of S. risoria, which is the domesticated form 
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TABLE 3. Temporal and frequency measurements of complete perch-coos (• +_ SD). COLE = coo length; INT 
= interval to start of next coo; SOPE = sound percentage (summed duration of elements divided by COLE); 
PEFR = peak frequency; MAFR = maximum frequency; MIFR = minimum frequency. See Table 2 for sam- 
ple sizes. S. risoria is the domesticated form of S. roseogrisea. 

Species COLE (ms) INT (ms) SOPE (%) PEFR (Hz) MAFR (Hz) MIFR (Hz) 

S. furfur 2,399 -+ 478 643 +- 10 70.8 -+ 6.3 579 _+ 28.5 767 _+ 30.8 334 -+ 46.3 
S. lugens 3,438 + 561 616 _+ 15 67.8 + 5.6 463 -+ 80.1 638 _+ 67.5 227 + 84.7 
S. hypopyrrha 1,986 743 77.4 547 872 283 
S. orientalis 2,088 + 197 334 +_ 6 68.1 +_ 5.3 462 +_ 17.3 681 _+ 77.1 241 _+ 12.3 
S. bitorquata 1,945 861 44.1 494 655 345 
S. decaocto 1,202 -+ 58 419 + 14 70.1 + 3.7 554 +- 32.0 807 +- 32.2 374 -+ 32.8 
S. risoria 1,616 _+ 179 879 +- 18 82.6 + 5.5 596 +- 24.5 822 +- 17.5 387 -+ 42.5 
S. reichenowi 373 172 81.5 543 785 306 

S. decipiens 660 _+ 122 562 +_ 9 76.9 +_ 5.9 467 _+ 31.0 663 + 46.4 276 +_ 49.2 
S. sernitorquata 1,449 +_ 49 358 +- 2 52.6 -+ 4.6 489 ñ 22.9 694 + 72.4 315 _+ 34.6 
S. capicola 884 _+ 74 356 -+ 2 62.6 +_ 3.0 902 +- 62.5 1,142 -+ 84.0 602 _+ 65.7 
S. vinacea 433 ñ 31 280 ñ 5 75.9 -+ 3.3 795 +- 54.0 1,037 +- 56.6 552 _+ 26.0 
S. tranquebarica 637 + 116 126 +_ 2 75.8 +- 3.8 521 +- 24.2 694 _+ 31.0 357 -+ 31.3 
S. picturata 1,155 _+ 409 591 _+ 15 80.4 +_ 6.4 367 +_ 48.3 507 _+ 63.3 207 _+ 10.0 
S. chinensis 1,141 +_ 262 2,168 +_ 1,700 70.2 ñ 9.8 715 _+ 53.1 955 _+ 48.2 446 +_ 47.6 
S. senegalensis 1,153 _+ 92 1,438 +_ 590 65.3 +_ 7.5 621 +_ 19.0 868 _+ 46.7 341 _+ 42.5 

of this species. Because the vocal distinctions 
between S. roseogrisea and S. risoria were insig- 
nificant, we used the set of S. risoria recordings 
for further analyses. For three species we ob- 
tained data for one individual only. Because the 
data for the other species indicated a smaller 
degree of intraspecific compared with inter- 
specific variation, we included these data to 
provide a complete overview of all species. 
Nevertheless, inferences concerning these spe- 
cies should be considered tentative. 

Description of coo characteristics.--The general 
perch-coo characteristics of the 16 Streptopelia 

species are summarized in Table 2. Four species 
produced two different element types within 
their coo: S. risoria, S. reichenowi, S. capicola, and 
S. chinensis; all produced bow and trill type el- 
ements. Peculiarities in bout structure were 

found for S. reichenowi and S. decipiens. Strepto- 
pelia reichenowi produced predominantly two- 
element coos but switched to one-element coos 

at the end of the bout; S. decipiens started each 
perch-coo bout with a cry from its species-spe- 
cific repertoire (also used in other contexts). 
Both species produced consecutive elements 
that occasionally were connected by a low-fre- 

TABLE 4. Temporal measurements of perch-coos of 16 species of Streptopelia. Durations of elements are cod- 
ed as E1 to E7, and durations of pauses are coded as P1 to P6 (values are ß _+ SD in ms). See Table 2 for 
sample sizes. S. risoria is the domesticated form of S. roseogrisea. 

Species E1 P1 E2 P2 E3 P3 

S. turtur 674 _+ 182 320 _+ 60 352 +_ 126 314 + 178 505 _+ 28 217 _+ 143 

S. lugens 779 +_ 62 352 +_ 33 627 +_ 55 481 _+ 121 592 ñ 104 430 +_ 12 
S. hypopyrrha 688 437 849 -- -- -- 
S. orientalis 248 _+ 160 180 +_ 59 392 + 140 257 +_ 88 333 _+ 14 237 + 102 

S. bitorquata 216 379 477 702 165 -- 
S. decaocto 248 -+ 25 79 -+ 19 403 + 27 286 +_ 47 192 + 59 -- 

S. risoria 215 _+ 67 276 _+ 88 1,123 _+ 171 -- -- -- 
S. reichenowi 71 63 233 -- -- -- 

S. decipiens 143 + 31 98 +_ 13 148 _+ 40 53 ñ 35 226 _+ 79 -- 
S. sernitorquata 113 ñ 43 66 +- 31 150 -+ 44 176 _+ 124 94 _+ 20 88 ñ 26 
S. capicola 97 +- 19 272 _+ 42 399 ñ 49 65 +- 32 57 -+ 13 -- 
S. vinacea 137 ñ 19 63 +_ 4 101 _+ 15 30 _+ 7 91 + 20 -- 

S. tranquebarica 159 + 25 66 _+ 10 122 ñ 25 47 -+ 25 80 +- 88 45 -+ 1 
S. picturata 142 _+ 41 252 -+ 105 768 -+ 266 -- -- -- 
S. chinensis 73 + 13 152 + 72 186 + 22 139 _+ 35 485 _+ 72 263 _+ 53 

S. senegalensis 92 _+ 5 48 +_ 49 109 +_ 28 181 _+ 36 151 _+ 68 73 _+ 18 
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quency sound. We based their temporal and 
frequency measurements on the separate ele- 
ments to keep the measurements compatible 
with other bouts of the same or other conspe- 
cifics. An overview of the species-typical perch- 
coos is presented in Figure 2, and detailed mea- 
surements of temporal and spectral structure 
of the coos are listed in Table 3. Measurements 
of the duration of individual elements are listed 

in Table 4, and peak frequencies for individual 
elements are in Table 5. For all measurements, 
we calculated the individual averages first, 
which were then used to calculate averages and 
standard deviations for each species 

Discriminant and principal components analy- 
ses.--The DFA using the individual averages of 
the 10 measurements led to a 100% correct clas- 

sification of the individuals into species. The 
first of the five discriminant functions (DF1) ac- 
counted for 64.8% of the variation, and the sec- 
ond (DF2) accounted for 20.4% of the variation. 
Classification based solely on the five frequen- 
cy parameters led to 64.3% correct assignment, 
whereas classification based on the five tem- 

poral features led to 94.6% correct assignment. 
Some individuals showed variation in the num- 

ber of elements. In particular, some S. senega- 
lensis and S. chinensis lacked the first or last el- 

ement, respectively. This led to missing values, 
reducing the sample size to 56 individuals. 

The results of the PCA on the 10 measure- 
ments are summarized in Table 6. Four com- 

ponents with eigenvalues >1 were extracted 
from the data set. After varimax rotation to 

maximize the correlation among parameters, 

the first principal component (PC1) accounted 
for 53.3% of the variance, representing mostly 
the five frequency measures. The temporal fea- 
tures were represented in three uncorrelated 
components; PC2 was determined mostly by 
the duration measurements (COLE, El, and to 
a lesser degree EX), PC3 mostly by the duration 
of elements relative to the duration of the paus- 
es between them (SOPE and EX), and PC4 
mostly by intervals between coos (INT). PC2, 
PC3, and PC4 accounted for an additional 17.3, 
14.2, and 10.2% of the variance. The 16 species 
are depicted in two bivariate plots that show 
their respective values for PC1 and PC2 (Fig. 3), 
and PC3 and PC4 (Fig. 4). We used ANOVA to 
test whether the taxonomic groups differed in 
any of the four components. The groups dif- 
fered for PC2 (P = 0.0014) and PC4 (P = 
0.0011), and both were significant after Bonfer- 
roni correction. The turtle-dove group differed 
significantly (P < 0.05) from the ringed dove 
and the S. chinensis/S. senegalensis groups for 
PC2 (Tukey's post-hoc comparisons). The chi- 
nensis/senegalensis group differed significantly 
(P • 0.05) from the turtle-dove and ringed dove 
groups for PC4. The S. picturata group consists 
of only one species, which makes statistical 
testing impossible; however, S. picturata was 
well outside the range of all other species for 
PC1. 

Cluster analysis.--The cluster procedure led 
to the dendrogram depicted in Figure 5A. 
Some of the species that are closely related ac- 
cording to Goodwin (1983) are clustered as 
nearest neighbors (S. capicola and S. vinacea). 

TABLE 4. Extended. 

E4 P4 E5 P5 E6 P6 E7 

395 • 41 ...... 
469 + 30 ...... 

441 ñ 83 ...... 

105 + 25 267 • 130 155 + 58 91 ñ 26 144 + 49 -- -- 

141 ñ 19 ...... 

188 ñ 25 ...... 

151 ñ 56 39 ñ 24 149 ñ 26 73 ñ 13 112 ñ 21 79 ñ 30 101 ñ 25 
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TABLE 5. Frequency measurements of perch-coos of 16 species of Streptopelia. Peak frequencies of elements 
are coded as PF1 to PF7 (œ + SD in Hz). See Table 2 for sample sizes. S. risoria is the domesticated form of 
S. roseogrisea. 

Species PF1 PF2 PF3 PF4 PF5 PF6 PF7 
S. turtur 542 +_ 12.8 576 + 21.8 582 + 26.1 560 ñ 38.0 -- -- -- 

S. lugens 431 _+ 38.2 424 + 39.2 464 + 80.1 500 _+ 107.6 -- -- -- 
S. hypopyrrha 547 540 ..... 
S. orientalis 480 ñ 30.5 478 + 22.2 421 + 59.5 451 _+ 21.5 -- -- -- 

S. bitorquata 494 489 494 ñ 7.7 .... 
S. decaocto 579 _+ 39.5 541 ñ 29.6 530 + 38.4 .... 
S. risoria 607 ñ 30.2 591 + 16.5 ..... 
S. reichenowi 585 543 ..... 

S. decipiens 482 ñ 56.7 460 + 39.7 468 _+ 43.5 .... 
S. semitorquata 489 ñ 17.2 500 + 31.3 477 ñ 22.7 482 + 32.5 472 ñ 54.6 472 + 72.0 -- 
S. capicola 911 ñ 56.1 881 + 70.0 814 ñ 107.5 .... 
S. vinacea 819 ñ 62.5 808 ñ 57.7 775 + 41.3 .... 

S. tranquebarica 525 ñ 24.6 522 + 24.4 512 + 32.9 515 + 28.5 -- -- -- 
S. picturata 266 + 28.8 368 ñ 48.3 ..... 
S. chinensis 638 ñ 78.5 719 + 58.2 689 ñ 48.9 678 + 36.5 -- -- -- 

S. senegalensis 522 ñ 46.1 456 ñ 89.7 577 + 61.0 615 ñ 32.9 632 +_ 19.5 635 ñ 23.6 595 + 47.2 

However, most of the suggested intragroup re- 
lationships, and even the intergroup segrega- 
tion, are absent in the dendrogram based on 
acoustic similarities. The dendrogram of group 
averages shows ringed doves and the S. chilen- 
sis/S. senegalensis group as nearest neighbors, 
which are subsequently more similar to turtle- 
doves than to S. picturata (Fig. 5B). Cluster anal- 
yses based on subsets of parameters (either fre- 
quency or temporal features) led to identical 
linkage patterns. The within-group similarities 
for turtle-doves and ringed doves led to the 
dendrograms in Figures 5C and D. Cophenetic 
correlation coefficients were calculated for all 

four dendrograms. This is an index for how ac- 
curately the original data in the dissimilarity 
matrix is represented by the dendrogram. A co- 

efficient of 0.8 or higher is considered to indi- 
cate a useful tree, resembling the real dissimi- 
larities (Romesburg 1984). The coefficients for 
the dendrograms of all 16 species, of the four 
groups, of the four turtle-dove species, and of 
the nine ringed dove species were 0.60, 0.74, 
0.93, and 0.94, respectively. 

DISCUSSION 

The 16 species of doves in the genus Strep- 
topelia, some of which are very similar in plum- 
age pattern, all produce distinctive species- 
specific perch-coos. All individuals were cor- 
rectly classified into species in a DFA, which 
means that intraspecific variation was limited 
relative to interspecific variation for the total 

TABLE 6. Factor loadings of the 10 acoustic parameters on the four principal components after varimax ro- 
tation to maximize the correlation among the parameters. Eigenvalues and amount of variance explained 
by the respective components are given at bottom of table. 

Acoustic parameter PC1 PC2 PC3 PC4 

Highest frequency 0.968 -0.104 0.015 0.113 
Lowest frequency 0.929 -0.245 -0.148 0.003 
Overall peak frequency 0.977 -0.153 0.066 0.097 
Peak frequency of element 1 0.972 -0.126 -0.068 -0.121 
Peak frequency of element 9 0.985 - 0.100 - 0.032 0.090 
Total coo length 0.267 0.929 -0.142 0.110 
Duration of element 1 -0.097 0.936 0.147 -0.095 
Duration of element 9 0.263 0.467 0.726 0.141 
Coo interval 0.093 0.009 -0.031 0.989 

Sound percentage 0.016 -0.155 0.946 -0.112 
Eigenvalue 5.328 1.728 1.421 1.024 
% Variance explained 53.3 17.3 14.2 10.2 
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F•G. 3. Plot of the 16 species of $trcptopctia doves 
in two-dimensional space defined by two prindpal 
components. PC1 is determined mostly by the five 
frequency measurements, and PC2 mostly by dura- 
tion measurements (COLE, E1 and to a lesser degree 
EX). See Table 6 for factor loadings. Polygons connect 
and enclose all species within a taxonomic group. 

set of acoustic parameters. The clustering of 
species using the acoustic data set showed little 
congruence with the taxonomic clustering of 
Goodwin (1983), which is based on morpholog- 
ical characteristics and geographic distribu- 
tion. This indicates that evolutionary differen- 
tiation in plumage pattern does not necessarily 
coincide with differentiation in acoustic char- 

acteristics. However, our analysis does not con- 

3 

PC 4 

1- 

0 

-1 

rlsona 

decipiens semRorqu 
tranquebarica 

-3 -2 -1 0 1 

PC 3 

FIG. 4. Plot of the 16 Streptopelia in two-dimen- 
sional space defined by two principal components. 
PC3 is determined mostly by the duration of ele- 
ments relative to the duration of the pauses between 
them (SOPE and EX) and PC4 by intervals between 
coos (INT). See Table 6 for factor loadings. Polygons 
connect and enclose all species within a taxonomic 
group. 

A 
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orientalis 

picturata 
sernitorquata 
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hypopyrrha 
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capicola 
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bitorquata 
fisoda 

capicola 

FIG. 5. Dendrograms created by hierarchical 
cluster analyses of the four Streptopelia groups using 
the UPGMA average-linkage method, based on Eu- 
clidian distances. Shown are (A) all 16 species; (B) 
group averages; (C) turtle-dove group; and (D) 
ringed dove group. RD = ringed dove group, CS = 
S. chinensis/S. senegalensis group, TD = turtle-dove 
group, and PI = S. picturata. 

tradict the subdivision into four taxonomic 

groups. Two of the four groups (turtle-doves 
and chinensis/senegalensis) differed significant- 
ly from the other groups in one of the compo- 
nents of the PCA (PC2 and PC4, respectively). 
The cluster analysis with the turtle-dove subset 
of four species (Fig. 5C), and with the ringed 
dove subset of nine species (Fig. 5D), led to 
dendrograms with high cophenetic correlation 
coefficients, which indicates that they ade- 
quately reflect similarities among species. This 
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makes them suitable for future evaluation of 

evolutionary transitions using a phylogeny 
based on an independent data set. Such an 
analysis may shed light on intriguing situa- 
tions such as in the turtle-dove group. Here, S. 
turtur and S. orientalis are closely matched in 
appearance, as are S. hypopyrrha and S. lugens. 
Nevertheless, acoustically, S. turtur is much 
more similar to S. hypopyrrha, and S. orientalis is 
much more similar to S. lugens. 

Vocal differentiation among Streptopelia 
doves concerns temporal features in particular. 
The success with which we correctly assigned 
individuals into species was dramatically re- 
duced, only 64.3% correct, when we used the 
set of frequency parameters only. If we used 
the set of temporal features only, the analysis 
still correctly classified most (94.6%) of the spe- 
cies. The PCA led to one component mostly 
representing frequency measures and three un- 
correlated components mostly representing 
temporal measurements. The bivariate plots of 
the four principal components clearly showed 
the parameters for which the groups differed, 
and they indicated that each group can be char- 
acterized by distinctive temporal aspects. The 
DFA and PCA results may be due to anatomical 
restrictions in producing variation in frequency 
range or frequency modulation patterns (War- 
ner 1972, Ballintijn et al. 1995). The relatively 
simple syringeal morphology of doves may be 
better suited to varying the rate and pattern of 
airflow (Gaunt 1988, ten Cate and Ballintijn 
1996). The neural basis for such variation in vo- 
cal control might be less conservative than sy~ 
ringeal morphology. The acoustic parameters 
that best discriminate among the Streptopelia 
doves are in line with a study of quail (Cotur- 
nix) vocalizations in which temporal parame- 
ters also yielded the best discrimination be- 
tween species (Collins and Goldsmith 1998). 
McCracken and Sheldon (1997) concluded from 
their comparative study of heron vocalizations 
that the number of syllables, syllable structure, 
and fundamental frequency were the most phy- 
logenetically informative parameters, whereas 
frequency measurements concerning higher 
ranges were more subject to habitat-dependent 
convergence. 

The smaller species (S. vinacea and S. capicola) 
used higher frequencies, and the larger S. pic- 
turata used relatively low ones (Tables 3 and 5). 
This agrees with other studies on the relation- 

ship between body size and vocalization fre- 
quency (Wallschl•iger 1980, Ryan and Brenow- 
itz 1985, Tubaro and Mahler 1998). On the oth- 
er hand, S. tranquebarica, which is the smallest 
species (see Table 1), used a surprisingly low 
frequency range. However, the range of fre- 
quencies used by all 16 species was relatively 
small, especially compared with songbirds for 
which frequency-dependent attenuation may 
cause differential selection pressures in differ- 
ent habitats (see Morton 1975, Hunter and 
Krebs 1979, Wiley and Richards 1982, Badyaev 
and Leaf 1997). Whether the variation in tem- 
poral and frequency measurements of Strepto- 
pelia vocalizations is meaningful to the doves 
themselves awaits investigations based on 
playback experiments in a natural context (see 
Slabbekoorn and ten Cate 1996, 1997, 1999). 

ACKNOWLEDGMENTS 

We are grateful to Sarah Collins, Frietson Galis, 
Marco van Veller, and Stephen Rothstein for helpful 
comments on earlier versions of the manuscript, and 
to Martin Brittijn, Gerdie Dijkstra, and Evert Meelis 
for technical assistance. Martin Poot, Jacques van Al- 
phen, George Sangster, and the National Sound Ar- 
chive, London supplied us with additional record- 
ings. We thank G. Bruins, A. Cleynen, J. Dekkers, G. 
Ketelslegers, W. Moed, W. Silkens, and G. van Bael 
from the "Wilde duiven" club, Belgium/the Neth- 
erlands, and Avifauna, Alphen aan de Rijn, who al- 
lowed us to observe and make recordings in their 
dove collections. This study was supported by a SLW 
project grant (SLW-805.30.043). 

LITERATURE CITED 

BADYAEV, A. V., AND E. S. LEAF. 1997. Habitat asso- 
ciations of song characteristics in Phylloscopus 
and Hippolais warblers. Auk 114:40-46. 

BALLINTIJN, M. g., AND C. TEN CATE. 1997a. Sex dif- 

ferences in the vocalizations and syrinx of the 
Collared Dove (Streptopelia decaocto). Auk 114: 
22-39. 

BALLINTIJN, M. g., AND C. TEN CATE. 1997b. Vocal de- 

velopment and its differentiation in a non-song- 
bird: The Collared Dove (Streptopelia decaocto). 
Behaviour 134:595-621. 

BALLINTIJN, M. g., C. TEN CATE, E W. NUIJENS, AND 
H. BERKHOUDT. 1995. The syrinx of the Collared 
Dove (Streptopelia decaocto): Structure, inter-in- 
dividual variation and development. Nether- 
lands Journal of Zoology 45:455-479. 

BAPTISTA, L. F. 1996. Nature and its nurturing in avi- 
an vocal development. Pages 39-60 in Ecology 
and evolution of acoustic communication in 



July 1999] Perch-coos in Doves 747 

birds (D. E. Kroodsma and E. H. Miller, Eds.). 
Cornell University Press, Ithaca, New York. 

BAPTISTA, L. E, AND M. ABS. 1983. Vocalizations. Pag- 
es 309-325 in Physiology and behavior of the pi- 
geon (M. Abs, Ed.). Academic Press, New York. 

BAPTISTA, L. E, W. 1. BOARMAN, AND P. KANDIANIDIS. 

1983. Behavior and taxonomic status of Gray- 
son's Dove. Auk 100:907-919. 

BAPTISTA, L. E, P. W. TRAIL, AND H. M. HORBLIT. 
1997. Family Columbidae (Pigeons and Doves). 
Pages 60-111 in Handbook of the birds of the 
world, vol. 4. Sandgrouse to Cuckoos. (J. del 
Hoyo, A. Elliott, and J. Sargatal, Eds.). Lynx Fd- 
icions, Barcelona, Spain. 

BASS, A., AND R. BAKER. 1991. Evolution of homolo- 
gous vocal control traits. Brain Behavior and 
Evolution 38:240-254. 

BECKER, P. H. 1982. The coding of species-specific 
characteristics in bird sounds. Pages 213-252 in 
Acoustic communication in birds, vol. 1 (D. E. 
Kroodsma, E. H. Miller, and H. Ouellet, Eds.). 
Academic Press, New York. 

COLLINS, S. A., AND A. R. GOLDSMITI-L 1998. Individ- 
ual and species differences in quail crows (Co- 
turnix c. japonica, C. c. coturnix and a hybrid). 
Ethology 104:977-990. 

CRAMP, S. (Ed.). 1985. The birds of the western Pa- 
learctic, vol. IV. Oxford University Press, Ox- 
ford. 

DARWIN, C. 1868. The variation of plants and ani- 
mals under domestication. J. Murray, London. 

DAVIES, S. J. J. E 1970. Patterns of inheritance in the 
bowing display and associated behavior of some 
hybrid Streptopelia doves. Behaviour 36:187-214. 

DAVIES, S. J. J. F. 1974. Studies on the three coo-calls 
of the male Barbary Dove. Emu 74:18-26. 

DE QUEIROZ, K., AND D. A. GOOD. 1997. Phenetic 
clustering in biology: A critique. Quarterly Re- 
view of Biology 72:3-30. 

DOOLING, R. J. 1982. Auditory perception in birds. 
Pages 95-130 in Acoustic communication in 
birds, vol. 1 (D. E. Kroodsma, E. H. Miller, and 
H. Ouellet, Eds.). Academic Press, New York. 

FELSENSTEIN, J. 1982. Numerical methods for infer- 
ring evolutionary trees. Quarterly Review of Bi- 
ology 57:379-404. 

GAUNT, A. S. 1988. Interaction of syringeal structure 
and airflow in avian phonation. Pages 913-924 in 
Acta XIX Congressus Internationalis Ornitholo- 
gicus (H. Ouellet, Ed.). Ottawa, Ontario, 1986. 
National Museum of Natural Sciences, Ottawa. 

GOODWIN, D. 1983. Pigeons and doves of the world. 
British Museum of Natural History, London. 

GO'rTINGER, H.-R. 1970. Zur Evolution von Verhal- 

tensweisen und Laut•iuserungen bei Prachtfin- 
ken (Estrildidae). Zeitschrift ffir Tierpsychologie 
27:1011-1075. 

HARRISON, C. J. O. 1969. Some comparative notes on 
the Peaceful and Zebra Doves (Geopelia striata 

ssp.) with reference to their taxonomic status. 
Emu 69:67-71. 

HOWARD, R., AND A. MOORE. 1991. A complete 
checklist of the birds of the world, 2nd ed. Ac- 
ademic Press, London. 

HUNTER, M. L., AND J. R. KREBS. 1979. Geographical 
variation in the song of the Great Tit (Parus ma- 
jor) in relation to ecological factors. Journal of 
Animal Ecology 48:759-785. 

ISLAM, K., AND J. A. CRAWFORD. 1996. A comparison 
of four vocalizations of the genus Tragopan 
(Aves, Phasianidae). Ethology 102:481-494. 

JACKSON, G. L., AND t. S. BASKETT. 1964. Perch-coo- 
ing and other aspects of breeding behavior of 
Mourning Doves. Journal of Wildlife Manage- 
ment 28:293-307. 

JAMES, F. C., AND C. E. MCCULLOCH. 1990. Multivar- 
iate analysis in ecology and systematics: Pana- 
cea or Pandora's box? Annual Review of Ecology 
and Systematics 21:129-166. 

LADE, B. I., AND W. H. THORPE. 1964. Dove songs as 
innately coded patterns of specific behaviour. 
Nature 202:366-368. 

MCCRACKEN, K. G., AND F. H. SHELDON. 1997. Avian 
vocalizations and phylogenetic signal. Proceed- 
ings of the National Academy of Sciences USA 
94:3833-3836. 

MILLER, D. B. 1978. Species-typical and individually 
distinctive acoustic features of crow calls of Red 

Jungle Fowl. Zeitschrift ffir Tierpsychologie 47: 
182-193. 

MILLER, E. H. 1982. Character and variance shift in 
acoustic signals of birds. Pages 253-295 in 
Acoustic communication in birds, vol. 1 (D. E. 
Kroodsma, E. H. Miller, and H. Ouellet, Eds.) 
Academic Press, New York. 

MILLER, E. H. 1996. Acoustic differentiation and spe- 
ciation in shorebirds. Pages 241-257 in Ecology 
and evolution of acoustic communication in 

birds (D. E. Kroodsma and E. H. Miller, Eds.). 
Cornell University Press, Ithaca, New York. 

MILLER, E. H., W. W. H. GUNN, AND B. N. VEPRIN- 
TSEV. 1988. Breeding vocalizations of Baird's 
Sandpiper Calidris bairdii and related species, 
with remarks on phylogeny and adaptation. Or- 
nis Scandinavica 19:257-267. 

MORTON, E. S. 1975. Ecological sources of selection 
on avian sounds. American Naturalist 109:17- 
34. 

NELSON, D. A. 1989. The importance of invariant and 
distinctive features in species recognition of bird 
song. Condor 91:120-130. 

NOTTEBOHM, E, AND M. E. NOTTEBOHM. 1971. Vocal- 

izations and breeding behavior of surgically 
deafened Ring Doves, Streptopelia risoria. Ani- 
mal Behaviour 19:313-327. 

PAYNE, R. B. 1986. Bird songs and avian systematics. 
Current Ornithology 3:87-126. 

PODOS, J. 1997. A performance constraint on the evo- 



748 SLABBEKOORN, DE KORT, AND TEN CATE [Auk, Vol. 116 

lution of trilled vocalizations in a songbird fam- 
ily (Passeriformes: Emberizidae). Evolution 51: 
537-551. 

ROMESBURG, H. C. 1984. Cluster analysis for re- 
searchers. Lifetime learning publications, Bel- 
mont, California. 

RYAN, M. J., AND E. •a•. BRENOWITZ. 1985. The role of 
body size, phylogeny, and ambient noise in the 
evolution of bird song. American Naturalist 126: 
87-100. 

RYAN, M. J., J. H. Fox, W. W1LCZINSK1, AND •a•. S. 
RAND. 1990. Sexual selection for sensory exploi- 
tation in the frog Physalaernus pustulosus. Nature 
343:66-67. 

SLABBEKOORN, H., AND C. TEN CATE. 1996. Respons- 
es of Collared Doves to playback of coos. Behav- 
ioural Processes 38:169-174. 

SLABBEKOORN, H., AND C. TEN CATE. 1997. Stronger 
territorial responses to frequency modulated 
coos in Collared Doves. Animal Behaviour 54: 

955-965. 

SLABBEKOORN, H., AND C. TEN CATE. 1999. Playback 
experiments in Collared Doves: Slaves to the 
rhythm. Ethology 105:377-391. 

SMITH, K. K. 1994. Are neuromotor systems con- 
served in evolution? Brain Behaviour and Evo- 

lution 43:293-305. 

SOKAL, R. R. 1986. Phenetic taxonomy: Theory and 
methods. Annual Review Ecological Systematics 
17:423-442. 

SOKAL, R. R., AND R. J. ROHLF. 1962. The comparisons 
of dendrograms by objective methods. Taxon 11: 
33-40. 

TEN CATE, C. 1992. Coo types in the Collared Dove, 
Streptopelia decaocto: One theme, distinctive var- 
iations. Bioacoustics 4:161-183. 

TEN CATE, C., AND M. R. BALLINTIJN. 1996. Dove coos 
and flash lights: The interruptability of "song" 
in a non-songbird. Journal of Comparative Psy- 
chology 110:267-275. 

TUBARO, P. L., AND g. MAHLER. 1998. Acoustic fre- 

quencies and body mass in New World doves. 
Condor 100:54-61. 

WALLSCHL•GER, D. 1980. Correlation of song fre- 
quency and body weight in passerine birds. Ex- 
perientia 36:412. 

WARNER, R. W. 1972. The syrinx in the family Col- 
umbidae. Journal of Zoology (London) 166:385- 
390. 

WILEY, R. g., AND D. G. RICHARDS. 1982. Adaptions 
for acoustic communication in birds: Sound 

transmission and signal detection. Pages 131- 
181 in Acoustic communication in birds, vol. 1 
(D. E. Kroodsma, E. H. Miller, and H. Ouellet, 
Eds.). Academic Press, New York. 

ZANN, R. 1974. Inter- and intraspecific variation in 
the calls of three species of Grassfinches of the 
subgenus Poephila (Gould) (Estrildidae). Zeit- 
schrift ffir Tierpsychologie 39:85-125. 

Associate Editor: S. I. Rothstein 


