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Birds of different ages or sexes may select different migration strategies. We studied the spring and
autumn migration as well as the body condition of different ages and sexes of the Blue-and-white
Flycatcher Cyanoptila cyanomelana at a migration corridor in Yancheng, Jiangsu, China, in 2017. A total
of 121 individuals were captured in mist nets, 62 in spring and 59 in autumn. We found that adult males

were caught significantly earlier than females in both seasons (Mann-Whitney U test, spring, P = 0.012; manuscript.
autumn, P=0.019), but the migration timing of immature birds was much the same as adults of the same
sex in both seasons (Mann-Whitney U test, spring, P=0.571; autumn, P=0.236). Body size and sex were Key words

Blue-and-white flycatcher, Protandry,
Body condition, Timing of migration,
Age and sex

found to affect body mass significantly (ANCOVA, wing length P =0.001; sex P=0.001). No individuals
were recaptured in both migration seasons, hence the Blue-and-white Flycatcher may adopt a strategy of
one-day stopovers. The Yancheng seawall forest may represent a low-quality habitat for this species, and

birds pass this location quickly in search of other suitable habitats.

INTRODUCTION

irds regularly migrate between their breeding and

wintering grounds allowing them to adapt to the
changing environment while adjusting their migratory
behavior and migration time in a way that maximizes their
reproductive success and/or survival (Gienapp ez al., 2014).
However, birds need to consume large amounts of energy
during migration; therefore, most long-distance migratory
birds must stopover at feeding grounds to replenish
their energy before completing migration. Therefore,
establishing patterns of migratory connectivity at the
population level is important; this involves linking breeding
and wintering grounds as well as migratory stopover
sites (Gonzalez-Prieto et al., 2011; Hobson et al., 2014).

Migratory birds usually have differential migration
strategies based on gender and age. Protandry occurs
when males precede females when arriving at breeding
grounds, stopover sites, or wintering places (Rubolini ef
al., 2004; Markovets et al., 2008; Tettrup and Thorup,
2008; Mckinnon et al., 2016). Protogyny occurs when
females precede males during spring or fall migration

*  Corresponding author: luchanghu@nijfu.edu.cn
0030-9923/2021/0005-1695 $ 9.00/0
Copyright 2021 Zoological Society of Pakistan

(Oring and Lank, 1982; Reynolds et al., 1986). Most
scholars generally believe that adults arrive at breeding
grounds, stopovers, or wintering places earlier than
immatures (Dariusz and Wojczulanis-Jakubas, 2010;
Mckinnon et al., 2016). Several possible factors have
been suggested to explain these patterns, such as the
differences in body size and physiology between the sexes
(Mgller, 2004; Saino et al., 2010), the pressure of sexual
selection on the breeding ground, and even the differential
investment in breeding (Meissner and Kamont, 2005;
Studds and Marra, 2011; Maggini and Bairlein, 2012). For
subadults, the lack of migration experience, low foraging
efficiency, and poor ability to resist predatory risk often
result in a lower migration speed; thus, subadults arrive at
their destination later than adults (Moore and Yong, 1991;
Aborn, 1994).

The blue-and-white flycatcher is a small bird
that belongs to the family of old world flycatchers
(Muscicapidae, Passeriformes). During spring, this
species migrates to Changbai Mountain and the small
Xing’an Ridge in northeast China or North Korea, Japan,
for breeding, crossing the east coast of Jiangsu Province,
China during migration. In autumn, the birds return from
the breeding grounds to their wintering places, such as
Guangdong and Hainan province of China and Malaysia
and the Philippines (Qian et al., 1982). The prefecture-
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level city of Yancheng in northeast Jiangsu is almost in
the middle of the migration route and serves as a very
important stopover for many species. Nevertheless, little
is known about the migration phenology of the blue-and-
white flycatcher in the Yancheng stopover.

We studied the spring and autumn migration
phenology of the male and female blue-and-white
flycatcher Cyanoptila cyanomelana in the Yancheng
coastal region, with regard to their age and body condition.
We hypothesized that the blue-and-white flycatcher would
show different migration patterns between sexes, with
protandry in spring and autumn. We hypothesized that the
body mass of males would be higher than females, because
the males appeared to be larger. We also hypothesized that
the habitat of the Yancheng seawall forest maybe a very
important corridor to the migratory passerines.

Study sites

This study was carried out at Dafeng Milu National
Nature Reserve, Yancheng City, Jiangsu Province, China
(32°59°N-33°03’N, 120°47-120°53’E), one of the most
important stopover sites for migratory birds. The reserve,
located on the eastern coast of Jiangsu Province, was
established to protect a typical coastal beach wetland. The
average elevation is 2—4 m. The climate falls between the
subtropical and warm temperate zones with an annual
average temperature of 14.1°C and an annual average
precipitation of 1068 mm of which about 63% falls from
June to September. Fieldwork was performed from 7%
April to 31% May, and from 3™ September to 31% October,
2017, covering almost the entire passerine migration time
in spring and fall.

Our study sites were in the seawall forest. The
seawall forest, as defined here, grows behind the seawall
parallel to and between the sea and road, and is about 20
meters wide. That is, open wetland habitat lies one side
of the road while farmland stands on the other (Fig. 1).
Between the seawall forest and the wetland/farmland the
main plants are Imperata cylindrica and reed Phragmites
communis. No other typical forest habitat exists within 10
km. The dominant trees in the seawall forest are Robinia
pseudoacacia with a height of 8-10 m, including a small
number of other trees such as Ligustrum lucidum. The
shrub layer vegetation mainly includes Rosa multiflora,
Lycium barbarum, Morus alba, and herbs and vines
such as Phytolacca americana, Paederia scandens, and
Cayratia japonica.

Many bird species use the seawall forest during
migration, especially small songbirds such as Arctic
Warbler Phylloscopus borealis, yellow-browed warbler
Phylloscopus  inornatus, eastern crowned warbler
Phylloscopus coronatus, and Asian brown flycatcher

Muscicapa latirostris, grey-streaked flycatcher Muscicapa
griseisticta, and Mugimaki flycatcher Ficedula mugimaki.

Fig. 1. Location of the study site in Yancheng seawall
forest, China.

MATERIALS AND METHODS

Captured the birds in eight mist nets (each 12 m long,
3 m high, with a 36 mm mesh) placed in the seawall forest
along the sea embankment road; the distance between each
net was about 300 m. Mist nets were placed perpendicular
to the road; the number of nets and their locations were
similar among days and seasons. Nets were opened daily
from 0600 to 1700 (net opened 11 h each day) except
for days with rain and wind (spring, 5 days; autumn,
5 days); nets checked every hour. The captured period
of blue-and-white flycatcher was carried out from 18™
April to 16" May in spring, and from 7" September and
6" October in autumn, 2017.

Birds were banded with uniquely numbered metal
bands from National Bird Banding Center, China. For
all the blue-and-white flycatchers, we recorded date
and time of capture, age, and sex (Brazil, 2009). We
also measured the right wing with a ruler (£0.1 cm)
to provide a surrogate measure of body size. Body
mass was measured using an electronic scale (+£0.1g)
(Manufacturer: Airui Trading Co., Ltd., Yongkang,
Zhejiang, China; Maximum range: 200g). The bird was
released as soon as possible.

In spring, the first date for capture of this species
was 18" April (April 18= Day 1 of spring banding);
the last capture date was 16" May (May 16= Day 29
of spring banding). In autumn, the first date for capture
of the bird was 7™ September (September 7= Day 1 of
autumn banding), the last captured date was 6 " October
(October 6= Day 29 of autumn banding). Days with no
birds captured were recorded as 0.
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Data analysis

We compared the median migration dates of each sex
using different age classes both in spring and autumn to
get an overview of the migration pattern of this species
using a Mann-Whitney U test.

We found that the individuals coming to our study site
were almost fat-free, with the fat score classified from 0
(almost no fat) to 1 (a little fat), according to Kaiser (1993).
Therefore, we used the measured body mass as the lean
body mass. Analysis of covariance was used to analysis
the relationship between the body mass and the body size,
age, sex, and season. Taking body mass as the dependent
variable and body size (wing length) as the covariate, we
then used age, sex, and season as fixed factors.

We compared the difference in body mass between
ages and sexes by #-test. The significance level was 0.05.
All analyses were carried out in SPSS 21.0 and Origin 7.5.

RESULTS

Bird captured number

Actotal of 121 individuals of blue-and-white flycatcher
were captured in 2017. Sixty-two were captured in spring
and 59 in autumn, the sex ratios were 1:0.7 in spring and
1:0.8 in autumn, and the ratios of adults to immatures were
1:0.2 and 1:0.5, respectively.

Most birds were captured in May in spring and
September in autumn with 44 and 55 birds captured in
those months, respectively (Fig. 2).

Fig. 2. The number of blue-and-white flycatchers captured
in different months.

Timing of migration phenology

In spring, blue-and-white flycatchers were captured
on 18" April and 16" May, which means that the species
visited the Yancheng stopover site during a period of at

least 29 days in spring. The number of birds captured per
day increased gradually from the date of the initial capture,
peaking on 12 ™ May and then declining rapidly; No
individual of this species was captured after 16™ May (Fig.
3a). In autumn, the trend of the number of captured birds
per day varied little with two peaks, one on 8™ September
and another around 22/23™ September. The initial capture
occurred on 7™ September in autumn and ended after 6
t Qctober (Fig. 3b). The birds stayed at this stopover
location for at least 29 days.

Fig. 3. The number of blue-and-white flycatchers captured
per day in different seasons: (A) spring, (B) autumn.

In spring, the median capture dates for different
sex and age groups ranged from 29 ™ April to 7 May.
For adults, the timing of migration differed significantly
between sexes (Mann-Whitney U test, Z = —2.492, P =
0.012), with the median date for males being 8 days earlier
than for females. Immature males and females migrated at
a similar time as adults of the same sex (Mann-Whitney U
test, Z=—0.745, P = 0.571), with only a 2-day difference
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between median dates for both sexes. No significant
difference of median capture date was observed between
adult and immature males (Mann-Whitney U test, Z =
—0.705, P = 0.481), while the timing of migration was
similar for adult and immature females (Mann-Whitney U
test, Z=—1.828, P=0.068, Fig. 4a).
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Fig. 4. Timing of migration of blue-and-white flycatchers
for both ages and sexes in (A) spring and (B) autumn.

In autumn, the median capture dates for different
sex and age groups ranged from 14" September to 23
September. In adults, the median date for males was 11
days earlier than for females (Mann-Whitney U test, Z =
—2.313, P=0.019). Immature males and females migrated
at an almost similar time as adults of the same sex (Mann-
Whitney U test, Z= —1.204, P = 0.236). Adults and
immature birds of both males (Mann-Whitney U test, Z =

—1.884, P =0.06) and females (Mann-Whitney U test, Z =
—1.432, P =0.152) birds migrated at the same time for the
respective sexes (Fig. 4b)

Body condition

Body mass was not affected by age (ANCOVA, F || =
3.869, P=0.052) or by season (ANCOVA, F = 0.948,
P=0.332). However, body size and sex were found to
affect body mass (ANCOVA, wing length F | -= 12.854,
P=0.001; ANCOVA, sex F, = 11.894, P=0.001).

In adults, body mass was significantly higher in males
than females (# test, = 3.640, df= 88, P= 0.001, n= 90).
In immatures, body mass was also higher in males than

females (¢ test, = 3.980, df =29, P=0.001, n =31; Fig. 5).
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Fig. 5. Body mass in blue-and-white flycatcher of both sex
and age categories during spring and autumn.

DISCUSSION

In our study, differences were observed based on
sex in the spring and autumn migration patterns in blue-
and-white flycatcher, with males migrating significantly
earlier than females. This migration pattern accords with
a protandry strategy, which is the same as the findings of
many former research studies on other species (Cardenas-
Ortiz et al.,2017; Barton and Sandercock, 2018). In spring,
adult males of many species normally travel earlier from
wintering sites to breeding sites than females to occupy
high-quality breeding territory and to maximize their
reproductive success through mate selection (Coppack
et al., 2006; Canal et al., 2012). This supports the time-
minimization strategy, which assumes that birds migrate
as rapidly as possible given constraints on traveling speed
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and fuel deposition rate (Hedenstrom and Alerstam, 1997;
Kokko, 1999). In our study, the adult male blue-and-white
flycatcher arrived at breeding sites earlier than females
in spring to gain an advantageous position in the fierce
reproductive competition, and they also appeared earlier
than the females at the Yancheng stopover.

The breeding system and migratory behavior will
affect the timing of migration based on the breeding
investment hypothesis (Doligez et al., 2004; Mills, 2005;
Eichhorn et al., 2017). An investment in breeding may
have carry over influence and effects when either sex is
able to start migration. In some species, females depart
in autumn soon after the chicks hatch, leaving the males
to take care of the young; then, the males must depart
after the chicks have fledged and become independent
(Meissner and Kamont, 2005; Meissner and Krupa,
2009). Nevertheless, in passerines, females usually invest
more in breeding than males, which may delay their
time of departure in autumn (Jenni and Winkler, 1994;
Newton, 2011). A study of breeding behavior of blue-and-
white flycatcher in Heilongjiang Province showed that
female blue-and-white flycatcher invested more time in
incubating eggs, feeding the offspring, warming the nest,
and clearing feces than males. This shows that females of
this species invest more energy in breeding than males
(Li et al., 2017). Therefore, investing more than males in
breeding delayed the departure time of females, so that
they arrived at the stopover site later. However, we found
immature birds of both sexes migrating at a similar time.
This result is similar to findings for another species of
Aquatic Warbler Acrocephalus paludicola as well as with
duck and shorebird species (Newton, 2011).

We found that the body mass of males in both ages
was higher than that of females, as has been reported in
other studies of other species (Yosef and Chernetsov,
2004; Zakala et al., 2004; Zhao et al., 2017). The male
blue-and-white flycatcher has a larger body size than
females and they have efficient foraging strategies based
on experiences or by having higher social status than
immatures or females at stopover sites. At the study
site, no individuals were recaptured in both migration
seasons; we suspect that blue-and-white flycatcher may
adopt a strategy of one-day stopovers. The Yancheng
seawall forest maybe a migration corridor or a low-quality
stopover for this species according to the strategy of one-
day stopover adopted by it (Cardenas-Ortiz et al., 2017),
and birds pass through this place quickly in search of more
suitable habitats. As a result, further study is needed to
consider the possible importance of other stopover sites
for this species of bird.

CONCLUSION

Blue-and-white flycatcher exhibited sex-based
differences in the migration pattern, with males migrating
significantly earlier than females for both adults and
immature birds. In addition, we found that the body masses
of both adults and immature males were higher than that
of females. The Yancheng site was an important migratory
corridor for blue-and-white flycatcher in both spring and
autumn.
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