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INTRODUCTION

In many migratory bird species, individuals of different sex or age
differ in their routes and timing of annual migration (Cristol et al.
1999). Several hypotheses have been proposed to explain these
differential migrations, focusing on differences in territorial
behaviour, body size and behavioural dominance. The arrival time
hypothesis proposes that certain individuals winter closer to the
breeding grounds because competition for mates or territory
favours early arrival to the breeding grounds (see Morbey &
Ydenberg 2001). The body size hypothesis proposes that the
larger-bodied sex can winter at higher latitudes due to larger fuel
reserves and better thermal efficiency (see Catry et al. 2005). The
dominance hypothesis suggests that the dominant sex will out-
compete the less dominant one for resources, forcing the less
dominant sex to migrate longer distances or winter in inferior
habitats (see Marra 2000). Testing these hypotheses is difficult
because they often are not mutually exclusive. An early test of these
hypotheses by Myers (1981), using data from several shorebird
species, found that the sex that arrived earlier at the breeding
grounds was the sex that wintered at higher latitudes. He proposed
that, regardless of size and behavioural dominance, difference in
arrival time alone is sufficient to predict a latitudinal cline in
wintering shorebirds.

Dunlin Calidris alpina is a long-distance migratory shorebird,
breeding along the Arctic rim in Europe, Iceland, Scandinavia,
Siberia, North America and Greenland (Piersma et al. 1996) and
wintering in temperate and tropical regions throughout the
Northern Hemisphere (Wenink & Baker 1996). Studies on
wintering Dunlin in Hong Kong have found two distinct
mtDNA haplotypes, Siberian and Alaskan (Wenink & Baker
1996). Significant differences exist in culmen length and
mtDNA haplotypes among Dunlin of different breeding
populations (Wenink & Baker 1996, Wenink et al. 1996). Dunlin
ringed in Taiwan have been recaptured on breeding grounds in
both Alaska and Siberia, and in Taiwan we have re-sighted Dunlin
which were ringed in Alaska and Sakhalin Island (Lanctot et al.
2009, Fernández et al. 2010, CC pers. obs.). During the non-
breeding season, significant numbers migrate from breeding
grounds to winter in eastern China, Japan, Korea, Hong Kong and
Taiwan (Bamford et al. 2008). Around 950,000 Dunlin use this
flyway every year, making the East Asian–Australasian Flyway
(EAAF) one of the five major flyways for this species (Bamford
et al. 2008).

Female Dunlin are larger than males, but it is the males that
arrive earlier at their breeding grounds and defend territories each
spring (Holmes 1966). According to the arrival time hypothesis,
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males should winter nearer the breeding grounds than females,
whereas the dominance and body size hypotheses predict the
opposite.

The sex of wintering Dunlin is difficult to identify in the field,
even in the hand (Prater et al. 1977). In many studies, sex is assigned
by difference in bill length (e.g. Chao et al. 1991, Warnock et al.
1997, Shepherd et al. 2001, Shepherd & Lank 2004). However,
bill length overlaps to some extent among the sexes (Brennan et al.
1984, Shepherd et al. 2001, Meissner 2005) and geographically
distinct groups of Dunlin also vary in bill length (Wenink & Baker
1996). Instead, by amplifying fragments of sex-specific DNA
sequences, the sex of all individuals of monomorphic bird species
like Dunlin can be accurately determined (e.g. Baker & Piersma
1999, Fridolfsson & Ellegren 1999).

Differential migration of Dunlin has been reported in North
America (Shepherd et al. 2001), but their migration patterns have
not been explored in the EAAF. In this study, we present data on
the sex ratio of Dunlin wintering in central Taiwan, one of their
southernmost wintering areas (Wei et al. 2009). In addition, using
the results of molecular sexing, we derive a discriminant function
and examine its accuracy in distinguishing the sex of Dunlin in
Taiwan.

METHODS

Field methods
Our study area is Han Pao wetland, Changhua County, Taiwan
(23.95°N 120.36°E). Each year, more than 10,000 Dunlin migrate
through or winter here (Hu 2005). This area is one of the largest
intertidal mudflats in Taiwan (c.38 km2). It has a long history of
shellfish and oyster farming, and shorebirds often rest and feed in
these habitats (Hu 2005).

We mist-netted Dunlin from September 2007 to May 2008,
three to four times every month, at night from evening to high tide.
Most ringing sites were on agricultural lands with some shallow
water. We defined birds netted from September to November 2007
as the autumn population, December 2007 to February 2008 as
the winter population, and March to May 2008 as the spring
population. We ringed and weighed each Dunlin captured and, for
most, measured (to the nearest mm): maximum wing length, tarsus
length, total head length and bill length. We then extracted 20– 40
μl of blood by venipuncture from the brachial vein and placed the
blood in SET buffer (0.15 M NaCl, 0.05 M Tris, 0.001 M EDTA,
pH = 8.0). We aged the Dunlin based on the presence of either
buffy-edged inner median coverts (first-years) or white-edged inner
median coverts (after first year) (Choi et al. 2010). We could



identify birds as first-years before February, but coverts became
worn and buffy fringes disappeared from March.

Molecular sexing
We extracted DNA from blood using standard methods (Gemmell
& Akiyama 1996). Fragments of the chromo-helicase-DNA
binding protein (CHD) gene from the sex chromosomes were
amplified by polymerase chain reaction (PCR), using the primers
2550F and 2718R (Fridolfsson & Ellegren 1999). The reaction
volume was 20 μl and contained c.10 ng DNA, 0.8 μl dNTP
(2.5 mM of each nucleotide), 0.4 μl 2550F primer (10 mM), 0.4 μl
2718R primer (10 mM), 2.0 μl 10 × PCR buffer, 15.92 μl dH2O
and 0.4 U μl Taq DNA polymerase (Protech). The PCR included
3 minutes at 95°C, followed by 35 cycles of 30 seconds at 95°C, 40
seconds at 46°C and 50 seconds at 72°C, and a final extension
reaction at 72°C for 5 minutes. The PCR products were
electrophoresised in 1% agarose gel, using a Bio-100TM DNA
Ladder (Protech) as size reference. We then dyed the gels in
ethidium bromide and examined them under ultra-violet light. We
identified the sex of birds by the presence or absence of the female-
specific DNA fragment of the CHD-W gene.

Statistical analysis
We used a chi-square goodness-of-fit test to determine if the sex
ratio significantly deviated from 1:1 for both adult and juvenile
Dunlin. We also compared the difference of sex ratios within each
season with the same test. Mean bill length, total head length,
maximum wing length and tarsus length were compared between
sexes using the Student’s t-test. We used three measurements
(maximum wing length, tarsus length and bill length) to derive a
discriminant function using SPSS 14.0 to assign sex.

RESULTS

From September 2007 to May 2008, we caught and sexed 748
Dunlin in the Han Pao wetland (Figure 1). Excluding recaptured
individuals, 693 birds were ringed (Table 1). The sex ratio was
significantly different from 1:1 (χ1

2= 23.27, P < 0.001): 410
individuals were female (59.2%) and 283 individuals were male
(40.8%). We identified 138 Dunlin as juvenile (<20%), but failed
to age some individuals because the buffy-edged inner median

coverts were unclear after midwinter. Among juveniles, 94 were
female (68.1%) and 44 were male (31.9%), significantly female-
biased (χ1

2=18.1, P < 0.001). Combining data from all captures,
the sex ratio did not significantly deviate from 1:1 in autumn (73
females, 61 males, χ1

2 = 1.07, P = 0.3). However, in winter and
spring, the sex ratio was significantly female-biased (winter: 238
females, 163 males, χ1

2 = 14.03, P < 0.001, spring: 137 females, 76
males, χ1

2 = 17.47, P < 0.001 respectively).
Of Dunlin that were both sexed molecularly and measured

(n = 565 individuals), females were significantly larger than males.
However, these measurements showed overlap between the sexes
(Table 2). For discriminant analysis, we excluded total head length
in the analysis because it was not independent from bill length and
both were highly correlated (Pearson’s correlation coefficient
r =0.92, P < 0.001).

The best discriminant function included bill length (BL), tarsus
length (TL) and wing length (WL). The resulting function was:

Table 1. Number of Dunlin ringed from September 2007 to May 2008
at Han Pao Wetland, Taiwan.

Females Males Total

Number of birds ringed 410 283 693
Adult 316 239 555
First-year young 94 44 138

Figure 1. Number of female and
male Dunlin captured from
September 2007 to May 2008 at Han
Pao Wetland, Taiwan.

Table 2. Measurements (mean ± SE, with ranges below in parentheses)
of Dunlins captured from September 2007 to May 2008 at Han Pao
Wetland, Taiwan.

Measurement Females N=325 Males N=240 t-test (two-tailed)

Weight (g) 57.92 ± 5.79(41.70–79.90) 53.36 ± 5.91(33.6–75.30) t
563

= 9.15, p < 0.001

Bill (mm) 37.61 ± 1.81 33.69 ± 1.58 t
563

= 26.83, p < 0.001
(31.81–37.61) (28.89–38.26)

Head (mm) 62.33 ± 1.93 58.09 ± 1.81 t
563

= 26.50, p < 0.001
(55.97–68.38) (50.57–63.45)

Tarsus (mm) 26.95 ± 1.06 25.87 ± 1.09 t
563

= 11.75, p < 0.001
(23.80–31.33) (21.14–29.00)

Wing (mm) 127.09 ± 2.77 123.89 ± 3.14 t
563

= 12.81, p < 0.001
(119.00–134.00) (114.00–134.00)
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D = 0.515 × BL + 0.05 × TL + 0 .105 × WL – 33.018 (Wilks’
lambda = 0.413).

The value of D < 0 was identified as male and D > 0 was
identified as female. This function correctly identified the sex of
89.03% of Dunlin, with 92.9% of males and 86.2% of females
respectively (Figure 2). This function performed better in
identifying males than in females (χ2 = 6.46, P = 0.011).

DISCUSSION

The wintering sites of Dunlin in East Asia range from the eastern
coast of Liaoning province, China (45°N), Japan, South Korea to
Hong Kong (22°N). Few Dunlin are found wintering farther south
than Hong Kong (Bamford et al. 2008). As our study site (Han Pao
wetland) is located at 23.95°N, we assume it is one of the southernmost
wintering sites. Numbers of Dunlin reached their peak from
December to February, indicating that most Dunlin used the Han
Pao wetland as a wintering ground, instead of as a stopover site.

Within the EAAF, at least three species of shorebirds show sex-
biased migration: Curlew Sandpiper Calidris ferruginea males
winter farther south; and Eastern Curlew Numenius
madagascariensis and Bar-tailed Godwit Limosa lapponica males
winter farther north (Nebel 2007). We found that the overall sex
ratio of Dunlin in central Taiwan is significantly female-biased. Both
the body size hypothesis and the dominance hypothesis predict that
females, which are larger and therefore presumably more dominant
than males, would winter at northern sites. Our data thus support
the arrival time hypothesis, which states that the sex that arrives
later at the breeding grounds will winter farther south (Morbey &
Ydenberg 2001). The arrival time hypothesis also predicts more
male Dunlin in the northern wintering grounds, such as Japan,
Korea or northern China. With further studies from these regions,
this hypothesis can be further tested.

In North America, Shepherd et al. (2001) found male-biased
populations of Dunlin at higher latitude wintering areas and
suggested that there is a latitudinal cline in the sex ratio of wintering
Dunlin populations. Our data are consistent with this. Another
possibility for the female-biased sex ratio in our study site comes
from local differences in habitat preference between sexes. Shepherd
& Lank (2004) reported that male Dunlin preferred agricultural

land and females preferred mudflats on wintering grounds in British
Columbia. All Dunlin we sampled were caught on agricultural land,
but we found more females, suggesting that the findings of
Shepherd & Lank (2004) are not generally applicable. Our
sampling, however, was conducted during high tides when all
Dunlin came into agricultural lands, thus minimising such habitat-
based sex bias.

We used the results of molecular sexing to develop a
discriminant function to identify Dunlin sex by morphological
measurements. For sex-size dimorphic species, discriminant function
analysis of morphometric data is a common technique to sex birds
that are monomorphic in plumage (Brennan et al. 1984, Iko et al.
2004). Previous discriminant function and maximum likelihood
function analyses have correctly identified the sex of over 90% of
non-breeding Dunlin (Brennan et al. 1984, Shepherd et al. 2001,
Meissner 2005), but were all conducted on a single subspecies. In
Taiwan, wintering Dunlin come from several geographically distinct
subspecies (Lanctot et al. 2009), which differ in body size (Wenink
& Baker 1996, Bamford et al. 2008). The mix of subspecies in our
study site may result in the lower discriminant power of the function,
or might be a result of differing morphological measurements among
ringers in our study (Barrett et al. 1989).

CONCLUSION

We found a significant female-biased wintering Dunlin population
in central Taiwan. This is the first study to reveal a differential sex
ratio in this species in the EAAF. East Asia has one of the highest
human population densities in the world and the fastest population
and economic growth, especially in coastal areas (Liu 2009).
Shorebird habitats are therefore being rapidly altered (Ge et al.
2007). The loss of Dunlin habitats used heavily by either sex could
result in disproportionate population declines (Steifetten & Dale
2006). Identification of sites that are preferred by members of one
sex is crucial for conservation (Nebel 2007). Our data alone are
not sufficient to test hypotheses for the differential migration of
Dunlin in this region. More long-term data from different latitudes
in the EAAF, such as eastern China, Korea, Japan and other parts
of Taiwan, will help the understanding of the migration ecology of
this species.

Figure 2. Distribution of the D values
of the discriminant function in male
and female Dunlin captured from
September 2007 to May 2008 at Han
Pao Wetland, Taiwan.

Forktail 28 (2012) Sex bias in a wintering population of Dunlin Calidris alpina in central Taiwan 69



ACKNOWLEDGEMENTS

We thank J. Pilgrim, N. Warnock and K. Mathot for their insightful comments
on the manuscript, Taiwan Bird Banding Center for providing bird rings and
the Changhua County Government for issuing a ringing permit. The ringing
work could not have succeeded without the involvement of the wader-catching
crew of the Taiwan Wader Study Group and the students of Department of
Environmental Science and Engineering, Tunghai University. We also thank
many volunteers for their hard work with us at night.

REFERENCES

Baker, A. J. & Piersma, T. (1999) Molecular vs. phenotypic sexing in Red Knots.
Condor 101: 887–893.

Bamford, M. J., Watkins, D. G., Bancroft, W. & Tischler, G. (2008) Migratory
shorebirds of the East Asian-Australasian Flyway: population estimates
and important sites. Canberra: Wetlands International–Oceania.

Barrett, R. T., Peterz, M., Furness, R. W. & Durinck, J. (1989) The variability of
biometric measurements. Ringing & Migration 10:13–16.

Brennan, L. A., Buchanan, J. B., Schick, C. T., Herman, S. G. & Johnson, T. M.
(1984) Sex determination of Dunlins in winter plumage. J. Field Orn.
55: 343–348.

Catry, P., Lecoq, M., Araujo, A., Conway, G., Felgueiras, M., King, J. M. B.,
Rumsey, S., Salima, H. & Tenreiro, P. (2005) Differential migration of
Chiffchaffs Phylloscopus collybita and P. ibericus in Europe and Africa. J.
Avian Biol. 36: 184–190.

Chao, A., Chang, S. H. & Tsung, Y. H. (1991) [‘Sexing Dunlins of Kung-Du
area by a statistical method.’] J. Chinese Stat. Assoc. 29: 131–143 (In
Chinese.)

Choi, C., Hua, N., Persson, C., Chiang, C. Y. & Ma. Z. (2010) Age-related
plumage differences of Dunlins along the East Asian-Australasian
Flyway. J. Field Orn. 81: 99–111.

Cristol, D. C., Baker, M. B. & Carbone, C. (1999) Differential migration revisited:
latitudinal segregation by age and sex class. Current Orn. 15: 33–87.

Fernández, G., Buchanan, J. B, Gill, Jr. R. E., Lanctot, R. & Warnock, N. (2010)
Conservation plan for the Dunlin with breeding populations in North
America (Calidris alpina arcticola, C. a. pacifica, and C. a. hudsonia),
Version 1.1. Manomet Center for Conservation Sciences, Manomet,
Massachusetts. Available at http://www.whsrn.org/sites/default/files/
file/WHSRN_Dunlin_Conservation_Plan_10_02-28_v1.1.pdf.

Fridolfsson, A. K. & Ellegren, H. (1999) A simple and universal method for
molecular sexing of non-ratite birds. J. Avian Biol. 30: 116–121.

Ge Z.-M., Wang T.-H., Zhou X., Wang K.-Y. & Shi W.-Y. (2007) Changes in the
spatial distribution of migratory shorebirds along the Shanghai
shoreline, China, between 1984 and 2004. Emu 107: 19–27.

Gemmell, N. J. & Akiyama, S. (1996) An efficient method for the extraction
of DNA from vertebrate tissues. Trend. Genet. 12: 338–339.

Holmes, R. T. (1966) Breeding ecology and annual cycle adaptations of the
Red-backed Sandpiper (Calidris alpina) in Northern Alaska. Condor 68:
3–46.

Hu W.-Y. (2005) [‘Population estimate of Dunlin (Calidris alpina) at Changhua
coastal area.’] Taichung: M.Sc. dissertation, Tunghai University. (In
Chinese.)

Iko, N. M., Dinsmore, S. J. & Knopf, F. L. (2004) Evaluating the use of
morphometric measurements from museum specimens for sex
determination in Mountain Plovers (Charadrius montanus). Western N.
Amer. Nat. 64: 492–496.

Lanctot, R. B., Barter, M., Chiang, C. Y., Gill, R., Johnson, M., Haig, S., Ma, Z. J.,
Tomkovich, P. & Wunder, M. (2009) Use of band resightings, stable
isotopes and genetics to understand the migratory connectivity of

dunlin (Calidris alpina) breeding in the Circumpolar Arctic and wintering
in the East Asian-Australasian Flyway. Pp.149–164 in L.-Y. Hsieh & M.-L.
Hsueh, eds. Proceedings of the International Symposium on Coastal
Wetlands and Water Birds Conservation. Taiwan: Endemic Species
Research Institute.

Liu, G. Q. (2009) Mainstreaming in the UNDP/GEF/SFA project ‘wetland
biodiversity conservation and sustainable use in China’. Pp.89–97 in E.
D. Ongley & M. H. Allard, eds. Mainstreaming wetland biodiversity
conservation: experience and lessons learned in practical applications of
mainstreaming. Beijing: UNDP and the State Forestry Administration
of China.

Marra, P. P. (2000) The role of behavioral dominance in structuring patterns
of habitat occupancy in a migrant bird during the non-breeding season.
Behav. Ecol. 11: 299–308.

Meissner, W. (2005) Sex determination of juvenile Dunlins migrating
through the Polish Baltic region. J. Field Orn. 76: 368–372.

Morbey, Y. E. & Ydenberg, R. C. (2001) Protandrous arrival timing to breeding
areas: a review. Ecol. Lett. 4: 663–673.

Myers, J. P. (1981) A test of three hypotheses for latitudinal segregation of
the sexes in wintering birds. Canad. J. Zool. 59: 1527–1534.

Nebel, S. (2007) Differential migration of shorebirds in the East Asian-
Australasian flyway. Emu 107: 14–18.

van Gils, J. & Wiersma, P. (1996) Dunlin Calidris alpina entry in species
accounts for family Scolopacidae (sandpipers, snipes and phalaropes).
P. 526 in J. del Hoyo, A. Elliott & J. Sargatal, eds. Handbook of the birds of
the world, 3. Barcelona: Lynx Edicions.

Prater, T., Marchant, J. & Vuorinen, J. (1977) Guide to the identification and
ageing of holarctic waders. Tring: British Trust for Ornithology.

Shepherd, P. C. F. & Lank, D. B. (2004) Marine and agricultural habitat
preferences of Dunlin wintering in British Columbia. J. Wildlife Mgmt.
68: 61–73.

Shepherd, P. C. F., Lank, D. B., Smith, B. D., Warnock, N., Kaiser, G. W. & Williams,
T. D. (2001) Sex ratios of Dunlin wintering at two latitudes on the Pacific
coast. Condor 103: 352–360.

Steifetten, O. & Dale, S. (2006) Viability of an endangered population of
ortolan buntings: the effect of a skewed operational sex ratio. Biol.
Conserv. 132: 88–97.

Warnock, N., Page, G. W. & Sandercock, B. K. (1997) Local survival of Dunlin
wintering in California. Condor 99: 906–915.

Wei, D. L. Z., Bloem, A., Delany, S., Martakis, G. & Quintero. J. O. (2009) Status
of waterbirds in Asia—results of the Asian Waterbird Census: 1987–2007.
Kuala Lumpur: Wetlands International.

Wenink, P. W. & Baker, A. J. (1996) Mitochondrial DNA lineages in composite
flocks of migratory and wintering Dunlins (Calidris alpina). Auk 113:
744–756.

Wenink, P. W., Baker, A. J., Rosner, H. U. & Tilanus, M. G. J. (1996) Global
mitochondrial DNA phylogeography of holarctic breeding Dunlins
(Calidris alpina). Evolution 50: 318–330.

Dzung-Yan YANG, Institute of Natural Resources, National
Dong Hwa University, No. 1, Sec. 2, Da-Hsueh Rd. Shou-Feng,
Hualien, 97401, Taiwan. Email: dzungyun@yahoo.com.tw

Chungyu CHIANG, Department of Life Science, Tunghai
University, Taichung, 40704, Taiwan. Email:
dec.chiang@gmail.com

Yu-Cheng HSU, Department of Natural Resources and
Environmental Studies, National Dong Hwa University, No. 1,
Sec. 2, Da-Hsueh Rd. Shou-Feng, Hualien, 97401, Taiwan. Email:
ycsheu@mail.ndhu.edu.tw (corresponding author)

70 DZUNG-YUN YANG, CHUNGYU CHIANG & YU-CHENG HSU Forktail 28 (2012)


