RBAFZWERY KT b %
Al

KURENAI

Kyoto University Research Information Repository

Gender Identification by Calls and Body Size of the Streaked

Title Shearwater Examined by CHD Genes

Arima, Hiroshi; Oka, Nariko; Baba, Yoshiyuki; Sugawa,
Author(s) Hisashi; Ota, Takahiro

Citation Ornithological Science (2014), 13(1): 9-17

Issue Date | 2014-06

URL http://hdl.handle.net/2433/199662

© 2014 The Ornithological Society of Japan; 0 0 O O 0O OO

Right | 0 DD 0000 2016:07-010 00 .

Type Journal Article

Textversion | publisher

Kyoto University



Gender Identification by Callsand Body Size of the Streaked Shearwater
Examined by CHD Genes

Author(s): Hiroshi Arima, Nariko Oka, Y oshiyuki Baba, Hisashi Sugawa and Takahiro Ota
Source: Ornithological Science, 13(1):9-17.

Published By: The Ornithological Society of Japan

DOI: http://dx.doi.org/10.2326/0s).13.9

URL: http://www.bioone.org/doi/full/10.2326/05].13.9

BioOne (www.bioone.org) is a nonprofit, online aggregation of core research in the biological, ecological,
and environmental sciences. BioOne provides a sustainable online platform for over 170 journals and books
published by nonprofit societies, associations, museums, institutions, and presses.

Y our use of this PDF, the BioOne Web site, and all posted and associated content indicates your acceptance of
BioOne's Terms of Use, available at www.bioone.org/page/terms_of use.

Usage of BioOne content is strictly limited to personal, educational, and non-commercia use. Commercial
inquiries or rights and permissions requests should be directed to the individual publisher as copyright holder.

BioOne sees sustainable scholarly publishing as an inherently collaborative enterprise connecting authors, nonprofit publishers, academic institutions,
research libraries, and research funders in the common goal of maximizing access to critical research.


http://dx.doi.org/10.2326/osj.13.9
http://www.bioone.org/doi/full/10.2326/osj.13.9
http://www.bioone.org
http://www.bioone.org/page/terms_of_use

ORIGINAL ARTICLE
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Abstract Like most seabirds Streaked Shearwaters Calonectris leucomelas have
sexually monomorphic plumage. Researchers have conveniently identified gender in
the field by means of two types of calls, associated with dimorphism in body size. By
molecular sexing analysis using the chromo-helicase-DNA-binding (CHD) genes, we
determined the gender of Streaked Shearwaters in relation to call types and body size.
We recorded the type of calls, measured body dimensions and collected non-invasive
samples (buccal cells or feathers) of Streaked Shearwaters at two breeding islands. As
obvious amplification to identify gender by polymerase chain reaction (PCR) could
not be obtained at high rates using a known universal primer pair, we developed
two new primer pairs to identify gender in this species; this enabled us to identify
the gender of all of the samples. Without exception all males gave high-pitched
calls, whereas all females gave low-pitched calls. Molecular evidence also confirmed
morphometric differences between males and females. We, therefore, conclude that
Streaked Shearwaters exhibit sexual dimorphism in body size and call type. Males
are significantly larger than females, and males give high calls whereas females give
low calls.

Key words Call type, Chromo-helicase-DNA-binding (CHD) genes, Sexual dimor-
phism, Streaked Shearwater Calonectris leucomelas

Identification of the sex of birds is fundamentally
essential for various studies including: ecology, evo-
lutionary biology, ethology, and conservation biol-
ogy related to gender. Many terrestrial birds have
evolved external appearance, such as plumage color
or shape, that different by sex, while most seabird
species appear sexually monomorphic (Welty &
Gaptista 1988). Therefore, the development of meth-
ods to identify the sex of each seabird species based
on sexual characteristics other than visual appearance
is essential especially in the field.

The Streaked Shearwater Calonectris leucomelas,
Aves Procellariidae, is typical of such seabirds in that
neither plumage color nor shape facilitate identifica-
tion of sex (Brooke 2004). They breed at high densi-
ties on islands and islets along the Japanese Archi-
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pelago in the westernmost North Pacific, East China
Sea and the Sea of Japan (Oka 2004). Throughout
their breeding season from their arrival at their col-
ony in March to their departure from their colony
in November, they are nocturnal, returning to their
colonies from the sea after sunset, and often calling
loudly as they land and while on the ground (Yoshida
1962; Jida et al. 1987; Oka et al. 2002; Yamamoto
et al. 2011; Yamamoto et al. 2012). Among noctur-
nal petrels, vocalization seems to play an important
role in intraspecific communication (Brooke 1986;
Warham 1996; Cure et al. 2009), and it has long been
suggested that male and female Streaked Shearwa-
ters have different calls (Kuroda 1956; Kiyosu 1965;
Sugawa & Arima 2002). In the congeneric Cory’s
Shearwater Calonectris diomedea, Ristow and Wink
(1980) and Bretagnolle and Lequette (1990) distin-
guished two types of calls, and associated the high-
pitched calls with males and the low-pitched calls
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with females. In the Streaked Shearwater, two similar
types of calls have been identified (Arima & Sugawa
2004): high-pitched (the high call) and low-pitched
calls (the low call); and these calls were associated
with different body sizes indicating that the two
types of calls might relate to gender. Though molec-
ular evidence to identify gender has been lacking,
researchers in the field have conveniently used the
two types of calls for gender discrimination in study
protocols (see Takahashi et al. 2008; Ochi et al. 2010;
Yamamoto et al. 2011). As the nocturnal seabirds
exhibit high vocal activity, underlining the usefulness
of acoustic cues in their breeding systems, gender
discrimination by call has the potential for being a
key protocol for biological, ecological, and physi-
ological studies, not only for vocal communication,
but also for gender effects to allocate investments
in parental attentiveness. Chicks similarly grow to
fledge to make two types of calls, which differ from
the high-pitched begging calls of younger chicks to
their parents (Oka unpublished). This may promote
the study of the gender effect on chick growth and
development. The identification of sexual differences
in calls will also allow the detection of gender effects
on partnerships, parental attentiveness, and growth
and development of chicks.

In this study, we examined the differences between
the calls and body dimensions of male and female
Streaked Shearwaters, using a molecular sexing
method based on avian chromo-helicase-DNA-bind-
ing (CHD) genes (see Griffith & Korn 1997; Griffiths
et al. 1998; Kahn et al. 1998; Fridolfsson & Ellegren
1999; Dubiec & Zagalska-Neubauer 2006; Cerit &
Avanus 2007; Reis et al. 2011). This is the first paper
to identify gender of the Streaked Shearwater using a
molecular sexing method in relation to sexual dimor-
phism in calls and body dimensions.

MATERIALS AND METHODS

1) Study sites and sampling

We conducted fieldwork on two breeding islands
of the Streaked Shearwater; Kanmuri Island in the
southernmost Sea of Japan (35°40'N, 135°25'E,
Maizuru, Kyoto Prefecture) and Mikura Island in
the western North Pacific (33°52'N, 139°36’E, Izu
Islands, Tokyo), under permits from local govern-
ment and from the Ministry of Environment of Japan,
during the breeding season in 2004. We conducted
fieldwork in May (mating season) on Kanmuri Island
(Yoshida 1962); and in August and September (the
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first half of their chick-rearing season) on Mikura
Island (Oka et al. 2002).

We captured adult birds on the ground or in bur-
rows by hand and collected non-invasive samples
(buccal cells or feathers) for the DNA analyses. On
Kanmuri Is., we collected buccal cells by rolling a
cotton swab in the mouth and throat of each bird for
ca. five seconds, and placed the swab into a micro-
tube containing 1 ml of 99.5% ethanol, and rotated it
for ca. 10 s. We repeated this procedure once more
using another swab and put the swab into the same
micro-tube, and kept the micro-tube at —20°C in the
laboratory for three months until analysis. On Mikura
Is., we plucked a few small feathers from each bird
and kept them in an envelope in a dry box with desic-
cant and then stored them in a freezer until analysis.

We identified the type of calls (high or low; see
Fig. 1 for reference) for each bird that called during
handling, as many birds made calls when collecting
samples. The calls were transcribed as “Pi- + uWi-
a * a” (the high call) and “Ga- * gua-" (the low call),
like those reported by Kuroda (1954), Kiyosu (1965)
and Arima & Sugawa (2004). As the dominant fre-
quency of the two call types differed vastly from
each other (about 13 kHz for the high call and about
5 kHz for the low call), as shown in the sonogram
(Fig. 1), we were able to identify the two call types
even when they produced only a short call.
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Fig. 1. Sonograms of the typical phrases of the two major

types of vocalization given by Streaked Shearwaters: a high-
pitched call (the high call) and a low-pitched call (the low
call) (Adapted from Arima & Sugawa 2004).
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Fig. 2. Morphometric measurements taken in this study.
(NWL, natural wing length; TAIL, tail length; TARL, tarsus
length; THL, total head length; EBL, exposed culmen length;
BD, bill depth at anterior edge of nostril).

NWL

We measured the dimensions of each bird at the
two islands to within 0.1mm by caliper and to within
Imm by ruler, and banded them for individual iden-
tification so as not to collect data from the same bird
twice. Birds were released immediately after data
collection at the study sites. The dimensions mea-
sured were: total head length, exposed culmen, tar-
sus, wing, tail, and bill depth at the anterior edge of
the nostril (Fig. 2).

We collected non-invasive samples and measured
the body dimensions of 69 birds in total, consisting
of 31 birds on Kanmuri Is. and 38 on Mikura Is.
Among them, we could identify the call type for 63
birds, consisting of 31 (16 giving high calls and 15
giving low calls) on Kanmuri Is. and 32 (16 giving
high calls and 16 giving low calls) on Mikura Is.

2) DNA extraction and purification

Each buccal cell sample was digested overnight
in 400 ul of STE buffer (150 mM NaCl; 10 mM
Tris-HCL, pH 8.0; 10 mM EDTA) with 4 ul of 10%
Sodium dodecyl sulfate (SDS) and 80 ug proteinase
K at 37°C. Either a whole feather or the root of a
feather was sliced into small fragments (Baba et al.
2001). Then, DNA was purified by the conventional
phenol/chloroform method (Maniatis et al. 1982) or
with an IsoQuick kit (ORCA Research Inc., Bothell,
Wash.).

11

3) Design of new primer pairs for specific ampli-
fication of the Streaked Shearwater CHD genes
We performed a preliminary examination to iden-
tify the gender of buccal cells from 31 Streaked
Shearwaters, using the molecular sexing method
based on a universal primer pair 2550F/2718R
(Fridolfsson & Ellegren 1999) that had been exam-
ined and found effective to amplify avian CHD genes
for a number of non-ratite bird groups (Fridolfsson
& Ellegren 1999), following the same molecular
methods for the buccal cells described in Arima &
Ohnishi (2006). The gender of each bird was identi-
fied if obvious amplification of expected length rep-
resenting CHD-W (between 400 and 450 bp in size)
and/or CHD-Z (between 600 and 650 bp) genes was
obtained by polymerase chain reaction (PCR) (see
Fridolfsson & Ellegren 1999, and Arima & Ohnishi
2006). However, as obvious amplification to identify
gender could not be obtained by PCR at high rates
using the previously known universal primer pair
(see RESULTS), we designed two new primer pairs
which specifically amplify the Streaked Shearwater
CHD-W and CHD-Z genes, as described below.
First, a region including intron 9 of the Streaked
Shearwater CHD genes was amplified by PCR using
a primer pair 1237L/1272H (Kahn et al. 1998) from
four genomic DNA samples. Those DNA samples
were from buccal cells of two males and two females
randomly selected from 22 birds whose genders were
identified by the universal primer pair 2550F/2718R
as described above (see also RESULTS: Molecular
sexing with the universal primer pair 2550F/2718R).
Each PCR was carried out in 12.5 ul volumes con-
taining 10 mM Tris-HCI (pH 8.3), 50 mM KCl, 1.5
mM MgCl,, 0.2 mM of an equimolar solution of
dNTPs, 2.5 ug of bovine serum albumin (BSA), 0.4
units of Ex Tag DNA polymerase (Takara), and 2
pM of each primer. Each PCR mixture contained
genomic DNA of each bird as a template. The ther-
mal profile comprised an initial denaturing step at
94°C for 2 min followed by 30 cycles of denaturing
at 94°C for 30 s, annealing at 55°C for 30 s, and
extension at 72°C for 60 s. A final extension step
of 72°C for 5 min was added after the last cycle.
Each amplified fragment was cloned into the plasmid
vector pCR2.1 (TOPO TA Cloning kit, Invitrogen,
California), and was sequenced using the T7 pro-
moter primer (GTAATACGACTCACTATAGGGC)
and ABI 3130XL genetic analyzer (Applied Biosys-
tems, Foster City, CA). The sequences were aligned
with the chicken CHD-W (GenBank accession No.
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AF181826, Fridolfsson & Ellegren 1999) and CHD-Z
(GenBank accession No. AF004397, Griffiths &
Korn 1997) genes using BioEdit version 7.2.0 soft-
ware (Hall 1999, http://www.mbio.ncsu.edu/bioedit/
bioedit.html), and partial sequences of the Streaked
Shearwater CHD-W and CHD-Z genes were identi-
fied by homology with their chicken counterparts.
The percentages of common identity between aligned
sequences were calculated with the identity matrix
module of BioEdit.

Then, sequences of the Streaked Shearwater
CHD-W and CHD-Z genes were aligned with each
other, and we designed two new primer pairs for
specific amplification of the Streaked Shearwater
CHD-W and CHD-Z genes, based on the discrep-
ancy between intron sequences of these genes:
primer pair 1238F (5'-AAACAGGGGTTTTGAC-
CAACTAAC-3") and WIR (5'- AATTTCAGATTA-
AGTAGTTCAAAGCTATGTG-3") for the Streaked
Shearwater CHD-W gene, and primer pair ZIF
(5-GTGTCTTTTCGTTCTGACTGACTTG-3") and
Z1R (5’-CGCCTCCCTTCACTTCCATTAAAGC-3")
for the Streaked Shearwater CHD-Z gene. These
primers were checked and simulated with pPDRAW32
Ver. 1.0 (ACACLONE software, http://www.acaclone.
com/) and FastPCR (Kalendar et al. 2011).

4) Molecular sexing based on the Streaked Shear-
water CHD genes

Two PCR analyses were performed for each bird
to identify its gender; one with the primer pair 1238F
and WIR (for CHD-W gene), and the other with the
primer pair Z1F and Z1R (for CHD-Z gene). The
thermal profile comprised an initial denaturing step
at 94°C for 3 min followed by 30 cycles of denatur-
ing at 94°C for 30 s, annealing at 55°C for 30 s, and
extension at 72°C for 60 s. A final extension step of
72°C for 5 min was added after the last cycle. The
makeup of reaction mixtures was identical to those
above. PCR products were resolved by 1.5% agarose
gel electrophoresis applied with High Ranger Plus
100 bp DNA Ladder (Norgen, Canada), and the DNA
fragments were visualized by UV light trans-illumina-
tion and ethidium bromide staining. Male birds were
identified when the PCR for CHD-Z gene produced
amplification of expected length (see RESULTS) but
that for CHD-W gene did not. Female birds were
identified when both PCRs for CHD-W and CHD-Z
genes produced amplification of expected length (see
RESULTS).

When neither of the PCRs for CHD-W and CHD-Z
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genes produced amplification, we performed two-step
PCRs as follows. First PCR was performed using
primer pair 1237L/1272H (Kahn et al. 1998) and the
genomic DNA of each bird as a template. Second
PCR for CHD-W gene was performed using primer
pair 1238F/W1R and 5% of the first PCR product as
a template, and second PCR for CHD-Z gene was
performed using primer pair Z1F/Z1R and 5% of the
first PCR product as a template. The thermal profile
and makeup of reaction mixtures were identical to
those described above.

Gender identification by PCR analyses with the
primer sets developed in this study was performed
for 22 birds whose genders were identified by the
universal primer pair 2550F/2718R (see RESULTS:
Molecular sexing with the universal primer pair
2550F/2718R) to check whether genders identified
by primer sets developed in this study were consis-
tent with genders identified by the universal primer
pair 2550F/2718R. Then, genders of all birds were
identified by PCR analyses with the primer sets
developed in this study.

5) Statistical analysis

As we studied measurements of birds from two
islands, we analysed measurements focusing on the
effects of population as well as those of gender.
Among the 69 study birds we lacked several mea-
surements of nine birds from Kanmuri Island. There-
fore we analysed, by multivariate analysis of variance
(MANOVA), the effects of gender and population
and the interaction between them on: body dimen-
sions (total head length, exposed culmen length, bill
depth at anterior edge of nostril, natural wing length,
tail length, and tarsus length), using measurements
taken from the remaining 60 birds (22 from Kanmuri
Is. and 38 from Mikura Is.). After MANOVA, we
assessed which variables were responsible for the
significant main effects by a univariate analysis of
variance (two-way ANOVA) of each response vari-
able. Both were tested using JMP software package
(http://www.jmp.com/). The level of significance of
all statistical analyses was P<0.05. Measurements
were given as means = SE.

RESULTS

1) Nucleotide sequences of the Streaked Shear-
water CHD gene

A total of 228 bp of a region including intron 9 of
the Streaked Shearwater CHD-W and CHD-Z genes
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were determined from four genomic DNA samples.
Both the Streaked Shearwater CHD-W and CHD-Z
sequences were constructed with 34 bp of exon
(Kahn et al. 1998) and 194 bp of intron. The calcu-
lated percentage of common identity between intron
sequences of the Streaked Shearwater CHD-W and the
chicken CHD-W genes was 0.531, and that between
the Streaked Shearwater CHD-Z and the chicken
CHD-Z genes was 0.562. The calculated percentage
of common identity between intron sequences of the
Streaked Shearwater CHD-W and CHD Z genes was
0.684. Sequence data of the Streaked Shearwater
CHD-W and CHD-Z genes have been submitted
to the GenBank database under accession numbers
AB279887 and AB279888, respectively.

2) Molecular sexing with the universal primer
pair 2550F/2718R

No obvious amplification to identify gender was
obtained by single PCRs using the known universal
primer pair 2550F/2718R for all of the examined
31 DNA samples purified from buccal cells. Second
PCRs using 5% of the single PCR product as a tem-
plate (two-step PCR; see Arima & Ohnishi 2006)
yielded obvious amplification of expected length
representing CHD-W (between 400 and 450 bp in
size) and/or CHD-Z (between 600 and 650 bp) genes
for 22 (71.0%) out of the 31 birds examined, which
enabled us to identify their genders (11 males and
11 females). In the remaining nine birds, however,
obvious amplification could not be obtained by the
universal primer pair, even after the second PCRs.

3) Molecular sexing with the primer sets
developed in this study

Two primer sets developed in this study, one set for
the Streaked Shearwater CHD-W gene and the other
for the Streaked Shearwater CHD-Z gene, amplified
196 bp and 223 bp fragments, respectively (Fig. 3).
Genders identified by PCR analyses with the primer
sets developed in this study was perfectly consistent
with gender identification by the universal primer
pair 2550F/2718R for all of the 22 birds examined.
Then, genders of a total of 69 birds were identified by
PCR analyses with the primer sets developed in this
study. Among the 63 birds we examined for which
gender was also associated with call type, 32 were
identified as males and 31 as females. Among them,
the gender of 35 birds (19 males and 16 females) was
identified by single PCR, and that of the remaining
28 birds (13 males and 15 females) was identified by

13

Female
Z

W

Fig. 3. Gender identification of Streaked Shearwaters exam-
ined by CHD genes. A 196 bp fragment was amplified from
the Streaked Shearwater CHD-W gene by PCR with a primer
pair 1238F/W1R, and a 223 bp fragment was amplified from
the Streaked Shearwater CHD-Z gene by PCR using a primer
pair Z1F/Z1R. The lane marked “M” contains High Ranger
Plus 100 bp DNA Ladder (Norgen, Canada).

two-step PCR. Measurements of 60 birds (30 males
and 30 females) were analysed, as several measure-
ments of nine birds from Kanmuri Is. were lack-
ing. There were no cases involving any inhibition of
PCR amplification, even after two-step PCR or extra
amplification, as can be caused by contamination, so
severe as to make sex identification impossible with
either buccal cell or plumage samples.

4) Sexual dimorphism in calls

Among the 63 birds we examined for gender asso-
ciated with call types, all 32 of the birds that gave
high calls were confirmed to be males, and all 31 of
the birds that gave low calls were confirmed to be
females (Table 1). The high and low calls differ so
obviously from each other (Fig. 1) that they can be
distinguished easily and reliably in the field.

5) Gender and population dimorphism in body
dimensions

There were significant multivariate effects asso-
ciated with both gender and population on body
dimensions, but there was no significant interaction
between gender and population (Table 2). Subsequent
ANOVAs showed that gender and population sig-
nificantly affected all measurements with the excep-
tion of tail length (Table 3), although the interaction
between gender and population had no effect on any
of these variables (Table 2). In summary, overall,
males were significantly larger than females in five
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Table 1.
genes.

Agreements of 63 Streaked Shearwaters between call type and gender determined by CHD

Call type a) Number of birds

b) Results of gender determination by
molecular method based on CHD genes

Agreement in % (b/a)

32
31

High call
Low call

All males
All females

100 (32/32)
100 (31/31)

Table 2. The results of MANOVA of six morphological characters of
Streaked Shearwaters to test the effects of gender and population.

Approxmated

Factors Wilks’ A df P
or exact F
Whole 0.2649 5.9297 15, 143.95 < 0.0001
Gender - 7.3089 5,52 < 0.0001
Population - 10.9844 5,52 <0.0001
Gender*Population - 1.233 5,52 0.3071

body size variables (total head length, exposed cul-
men length, bill depth at anterior edge of nostril,
natural wing length, and tarsus length) but not in tail
length. More specifically the Kanmuri Island popula-
tion was significantly larger than the Mikura Island
population in five body size variables (total head
length, exposed culmen length, bill depth at anterior
edge of nostril, natural wing length, and tail length),
but with slightly shorter tarsi (Table 3).

DISCUSSION

In this study, obvious amplification to identify
gender by PCR using the previously known univer-
sal primer pair 2550F/2718R could not be obtained
at a satisfactory rate with DNA from buccal cells.
Although buccal cells have previously been used suc-
cessfully for non-invasive genetic analysis in birds,
lower yields of DNA from buccal cells than from
blood samples and potential contamination of buc-
cal cell samples by PCR inhibitors (which may be
contained in residue inside the oral cavity) have been
reported (Seki 2003; Arima & Ohnishi 2006). There-
fore, we infer that these potential defects of the non-
invasive samples may have caused the unsatisfactory
success rate of PCR using a universal primer pair in
this study. On the one hand, considering that the gen-
ders of all of the DNA samples tested, including those
from buccal cells, could be successfully identified by
using the newly developed primer pairs in this study,
the two new primer pairs should surpass the universal
primer pair for gender identification of the Streaked
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Shearwater from non-invasive DNA samples with
low yields of DNA, such as those from buccal cells.
On the other hand, considering that Genovart et al.
(2005) successfully used the previously described
primer pair 2550F/2718R to determine the gender
of the congeneric Cory’s Shearwater C. diomedea
diomedea, the previously known primers may work
properly in the Streaked Shearwater too, if adequate
amounts of purified DNA, such as those from blood,
are tested.

Gender dimorphism in the calls of the Streaked
Shearwater was clearly shown and unequivocal;
adult males give high calls and adult females give
low calls. This gender dimorphism in vocalizations,
in which males produce higher pitched calls than
females, is common among nocturnal petrels and
has been reported for other shearwater species too,
such as Manx Shearwater Puffinus puffinus (Brooke
1978), Yelkouan Shearwater P. yelkouan and Cory’s
Shearwater (Cure et al. 2009). Those shearwaters
also exhibit gender dimorphism in body size, as does
the Streaked Shearwater, wherein males are larger
than females. These characteristics seem to contradict
the general biological rule in numerous avian species
that lower pitched calls are associated with larger
size, as calls are suspected of reflecting body size
or mass (Wallschldger 1980; Fletcher 2004). As for
the Streaked Shearwater, males return to their breed-
ing islands at night more frequently than do females
during the pre-laying period (Yamamoto et al. 2011)
and vocalize loudly, possibly for mate recognition, to
attract potential mates, and also for territorial defense



Table 3. Results of ANOVA of six morphological characters of Streaked Shearwaters to test the effects of gender and population. Data are presented as means = SE (mm).

Interaction effects (Gender*Population) were excluded because of non-significance in the MANOVA.

Population

Gender determined by CHD genes

ANOVA

Kanmuri

Females Mikura

Males

Sexual dimorphism of the calls of Streaked Shearwater examined by CHD genes

(N=22%%)

(N=30) (N=38)

(N=30)

27.40, P<0.0001
7.06, P=0.010

98.9+£0.43 103.5+1.57

48.7+0.23

97.5+0.51
47.7+0.28

103.6+0.49
50.7+£0.27

Total head length

Population: F, 57

Gender: F, 5;=64.43, P<0.0001

Gender: F1’57

Population: F, 57

7.06, P<0.0001

50.2+0.31

Exposed culmen length
Bill depth at anterior
edge of nostril

Population: F, 5;,=10.59, P=0.019

Gender: F,5,=76.89, P<0.0001

11.6+0.10 12.4+0.14

11.1+0.12

12.7+0.12

303.7+1.13 312.6+1.49
140.7+1.20

303.3+1.32

310.5+1.28
139.4+1.03

Wing length (natural)

Tail length

Population: F, 5,=17.977, P<0.0001

Gender: F,5,=11.37, P=0.0013
Gender: F,5,=0.911, P=0.3437

4.515, P=0.0038

5.92, P=0.018

137.3+£0.91
51.3+0.23

137.6+1.07

Population: F, 57

50.6+0.30

50.1+0.26

51.9+0.26

Tarsus length

Population: F, 57

Gender: F, 5,=27.20, P<0.0001

** We excluded 9 out of 31 birds from Kanmuri Is., for which some measurements were lacking.
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and competition for mates, as is the case in other
nocturnal shearwaters (McNeil et al. 1993; Warham
1996; Cure et al. 2009). To our knowledge, with the
exception of Cure et al. (2009) there have been few
studies of vocalizations in nocturnal petrels in rela-
tion to intraspecific behavior and habitat-dependent
environmental sounds. The breeding islands of the
Streaked Shearwater are typically densely covered
with warm-temperate evergreen forest (Jida et al.
1987; Maesako 1991) with a sound environment
that includes wind, waves and the rustling of leaves.
Male Streaked Shearwaters may have evolved higher
pitched calls under such environmental selection
pressures to overcome the ambient sound at their col-
onies, as the further their calls carry, and the clearer
their acoustic signals are in the dark, the more effec-
tive they should be in mate recognition, attraction of
potential mates, territorial defense, and in competi-
tion for mates.

As shearwaters become silent at their colonies as
the breeding season progresses, calls may prove to be
an uncertain method for gender identification during
certain periods of the breeding season. Then, instead
of vocalizations, body size may prove to be more
useful criteria for discriminating gender. However,
we found that morphometric dimorphism occurs not
only between genders, but also between populations
(between populations breed at similar latitudes, but
in different oceans separated by Honshu, an island
approximately 1,800 km in length). This may indicate
the existence of geographical morphological variation
in the Streaked Shearwater, as has been shown for the
Short-tailed Shearwater Puffinus tenuirostris (Carey
2011). If so, a discriminant model for sex identifica-
tion developed from measurements of just one colony
may not correctly discriminate between the sexes of
birds from other colonies. Our sample size, a few
tens individuals, may be too small to prove the poten-
tial geographical variations in morphology between
populations. Further biometric studies are essential
to understand the degree of conspecific geographical
variation in body size of the Streaked Shearwater.
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