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Abstract Like most seabirds Streaked Shearwaters Calonectris leucomelas have 

not be obtained at high rates using a known universal primer pair, we developed 

low calls.
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#

-
lutionary biology, ethology, and conservation biol-
ogy related to gender. Many terrestrial birds have 
evolved external appearance, such as plumage color 

-

on sexual characteristics other than visual appearance 

The Streaked Shearwater Calonectris leucomelas, 

-
-
-

-

in November, they are nocturnal, returning to their 

-

-

Shearwater Calonectris diomedea, Ristow and Wink 
-

pitched calls with males and the low-pitched calls 
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-

-

on partnerships, parental attentiveness, and growth 

Streaked Shearwaters, using a molecular sexing 
method based on avian chromo-helicase-DNA-bind-

molecular sexing method in relation to sexual dimor-
phism in calls and body dimensions.

MATERIALS AND METHODS

1) Study sites and sampling

-

We captured adult birds on the ground or in bur-
rows by hand and collected non-invasive samples 

Kanmuri Is., we collected buccal cells by rolling a 

using another swab and put the swab into the same 

and kept them in an envelope in a dry box with desic-

handling, as many birds made calls when collecting 
uWi-

a

-

even when they produced only a short call.

Fig. 1. 
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-

collection at the study sites. The dimensions mea-
sured were: total head length, exposed culmen, tar-

We collected non-invasive samples and measured 

) DNA e traction and puri cation

g proteinase 

) Design o  new primer pairs or speci c ampli-
cation o  t e Strea ed S earwater HD genes

-

Shearwaters, using the molecular sexing method 

-

-
-

resenting CHD-W
and/or CHD-Z

using the previously known universal primer pair 

CHD-W and CHD-Z genes, as described below.

l volumes con-

Ex Taq

-

-

-

with the chicken CHD-W

Fig. 2. Morphometric measurements taken in this study. 
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CHD-Z 

-

Shearwater CHD-W and CHD-Z genes were identi-

CHD-W and CHD-Z genes were aligned with each 

CHD-W and CHD-Z genes, based on the discrep-

-
-

Shearwater CHD-W

CHD-Z gene. These 

) Molecular se ing based on t e Strea ed S ear-
water HD genes

CHD-W
CHD-Z

-

-
tion and ethidium bromide staining. Male birds were 

CHD-Z gene produced 

CHD-W
CHD-W and CHD-Z 

CHD-W and CHD-Z 

CHD-W

CHD-Z gene was 

those described above.

Molecular sexing with the universal primer pair 

by primer sets developed in this study were consis-

developed in this study.

5) Statistical analysis

Among the 69 study birds we lacked several mea-
-

and the interaction between them on: body dimen-

-

all statistical analyses was P

RESULTS

1) Nucleotide se uences o  t e Strea ed S ear-
water HD gene

the Streaked Shearwater CHD-W and CHD-Z genes 
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Both the Streaked Shearwater CHD-W and CHD-Z 

-

CHD-W and the 
chicken CHD-W
the Streaked Shearwater CHD-Z and the chicken 
CHD-Z

Streaked Shearwater CHD-W

CHD-W and CHD-Z genes have been submitted 
to the GenBank database under accession numbers 

2) Molecular se ing wit  t e uni ersal primer 
pair 2550F/2718R

-

representing CHD-W
CHD-Z

) Molecular se ing wit  t e primer sets 
de eloped in t is study

the Streaked Shearwater CHD-W gene and the other 
CHD-Z

-
-

either buccal cell or plumage samples.

) Se ual dimorp ism in calls
-

5) ender and population dimorp ism in body 
dimensions

-
ciated with both gender and population on body 

ANOVAs showed that gender and population sig-
-

Fig. 3. -

the Streaked Shearwater CHD-W

the Streaked Shearwater CHD-Z

Female Male 
M W Z W Z 

 
 

100bp 
200bp 
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-

-

length, exposed culmen length, bill depth at anterior 

DIS USSION

-

Although buccal cells have previously been used suc-

-

-

this study. On the one hand, considering that the gen-

using the newly developed primer pairs in this study, 
the two new primer pairs should surpass the universal 

On the other hand, considering that Genovart et al. 

C. diomedea 
diomedea, the previously known primers may work 

are tested.

in which males produce higher pitched calls than 

such as Manx Shearwater Puf nus puf nus
P. yelkouan 

Shearwater 

the Streaked Shearwater, wherein males are larger 

the general biological rule in numerous avian species 
that lower pitched calls are associated with larger 

the Streaked Shearwater, males return to their breed-

Table 2. 

Approxmated 

Whole
Gender

Gender*

Table 1. 
genes.

High call All males
Low call 31
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-

Streaked Shearwater are typically densely covered 

Male Streaked Shearwaters may have evolved higher 
pitched calls under such environmental selection 
pressures to overcome the ambient sound at their col-

-

-

As shearwaters become silent at their colonies as 
the breeding season progresses, calls may prove to be 

only between genders, but also between populations 

Short-tailed Shearwater Puf nus tenuirostris
-

tens individuals, may be too small to prove the poten-
tial geographical variations in morphology between 

A KNO LED MENTS

-

Ta
bl

e 
3.

 
*

A
N

O
VA

M
al

es
 

 
M

ik
ur

a 
 

K
an

m
ur

i  
**

To
ta

l h
ea

d 
le

ng
th

B
ill

 d
ep

th
 a

t 
an

te
rio

r 

Ta
il 

le
ng

th
Ta

rs
us

 le
ng

th

**



16

H. ARIMA et al.

REFEREN ES

Shearwater Calonectris leucomelas breeding on 
-

Lagopus mutus japonicus. 

Calonectris dio-
medea

Albatrosses and petrels across the 
world.

individual vocal recognition in the Manx Shearwaters 
Puf nus puf nus

-
nal petrels, the White-chinned Procellaria aequinoc-
tialis and the Grey P. cinerea

comparisons and assortative mating in the short-tailed 
Puf nus tenuirostris

-
vergence and divergence in two sympatric burrowing 

CHD-based molecu-

-
mosome linked in the chicken Gallus domesticus. 

-

-

Nihon chourui daizukan II

Shearwaters in incubation period on Sangan Island. 

Calo-
nectris leucomelas Per-
sea thunbergii

Molecular 
cloning, a laboratory manual.

-
ity in colonial waterbirds: occurrence special adap-

Current Ornithology, Vol 10

decisions by the streaked shearwater Calonectris leu-
comelas

-

Shearwaters Calonectris leucomelas on Mikura Island 



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

-
Spheniscus 

magellanicus
 

Robins Erithacus komadori using buccal cells as a 

-

calls in Streaked Shearwater Calonectris leucomelas. 
-

Takahashi A, Ochi D, Watanuki Y, Deguchi T, Oka N, 

The behaviour, population biology and 
physiology of the petrels

The Life of Birds, Fourth 
Edition

Yamamoto T, Takahashi A, Oka N, Iida T, Katsumata 

streaked shearwaters in relation to seasonal changes 

Yamamoto T, Takahashi A, Oka N, Shirai M, Yamamoto 
M, Katsumata 

-


