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ABSTRACT.—Little is known about the abundance and distribution of Chinese Goshawks (Accipiter soloensis)
during spring migration along the Western Pacific flyway around Taiwan. This species is the most numerous
migratory raptor in East Asia. In April 2004, we employed weather radar at Kenting and Chiku to study the
spatial and temporal distribution and flying behavior of migrants in the Taiwan area. Goshawk flocks
migrating across Luzon Strait toward Taiwan (n = 193) averaged 3.1 km in length (SD = 3.41, range
1.0-27.5 km) and 0.7 km in width (SD = 0.30, range 0.3-2.5 km). Using a regression model relating bird
numbers to the reflectivity of radar images, we estimated that at least 225 935 Chinese Goshawks passed
through the study area during 5 d in the month of April. Flocks crossing the Luzon Strait approached the
Hengchun Peninsula, at the southern tip of Taiwan, along several inland and offshore routes, making it
difficult to obtain accurate and complete observations from the ground. Farther north at Chiku, we used
radar imaging to estimate 150 619 northbound migrants, 67% of the number detected by the Kenting
radar. Of these, 24% bypassed Taiwan and flew nonstop to mainland China via the Pescadores, located off
the west coast of Taiwan. Another 55% flew over the southern end of Taiwan and then across the Taiwan
Strait to the mainland. The remaining 21% continued north over Taiwan after spending up to 2 d in the
central mountains of Taiwan. This likely explains why relatively small numbers of goshawks are observed in
central and northern Taiwan. Chinese Goshawks flew more slowly and higher over land than over water,
and their ground speed increased with favorable winds.
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MIGRACION DE PRIMAVERA DE ACCIPITER SOLOENSIS

RESUMEN.—Se sabe muy poco sobre la abundancia y distribucion de Accipiter soloensis durante la migracion
de primavera a lo largo de la ruta del Pacifico oeste por Taiwan. Esta especie es el ave rapaz mas abundante
en el este de Asia. En abril de 2004 empleamos radares meteorologicos en Kenting y Chiku para estudiar la
distribucién espacial y temporal, y el comportamiento de vuelo de individuos migratorios en el area de
Taiwan. Las bandadas de A. soloensis que se encontraban migrando a través del estrecho de Luzon hacia
Taiwan (n = 193) tuvieron en promedio 3.1 km de largo (DE = 3.41, rango 1.0-27.5 km) y 0.7 km de ancho
(DE = 0.30, rango 0.3-2.5 km). Utilizando un modelo de regresion que relacion6 los nimeros de aves con
la reflectividad de las imagines de radar, estimamos que pasaron por lo menos 225 935 individuos por el
area de estudio durante un periodo de 5 dias en el mes de abril. Las bandadas que cruzaron el estrecho de
Luzon llegaron a la Peninsula Hengchun por la punta sur de Taiwan, a lo largo de varias rutas tierra
adentro y mar afuera, lo que hace dificil obtener observaciones exactas y completas desde tierra. Mas al
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norte en Chiku, usamos imagenes de radar para estimar 150 619 individuos que migraban hacia el norte,
67% del namero registrado por el radar de Keanting. De estos, 24% no pasaron por Taiwan y volaron sin
parar hasta China continental via el Pescadores, que se localiza al oeste de Taiwan. El 55% de estos volo

sobre el extreme sur de Taiwan y después cruzo el estrecho de Taiwan hacia el continente. E1 21% restante
continud hacia el norte sobre Taiwan después de pasar 2 dias en las montanas centrales de Taiwan. Esto

probablemente explica porqué son observados numeros relativamente bajos en el centro y norte de Tai-
wan. Los halcones volaron mas lentamente y mas alto sobre tierra que sobre agua, y su velocidad de vuelo

aumento6 con los vientos favorables.

Chinese Goshawks (Accipiter soloensis) breed in
southern Ussuriland, Korea, and in central and
southeastern China. They are the most numerous
migratory raptor in East Asia (Chen 2005, Germi
et al. 2009). In autumn, they migrate south via Ja-
pan, Taiwan, the Philippines, Thailand, and Malay-
sia to wintering grounds in Sumatra, Java, Bali, and
Sulawesi (Ferguson-Lees and Christie 2001). Along
the oceanic flyway of East Asia, they pass the island
of Taiwan, which lies 160 km off the southeastern
coast of mainland China. During September and
October 2004, observers recorded 221 615 migrants
at Hengchun Peninsula on the southern tip of Tai-
wan (Chen 2005), which was the largest migratory
concentration of this species ever reported.

Observers have long postulated that Chinese Gos-
hawks flying south in autumn from southeastern Chi-
na, Korea, and the Okinawan Islands converge over
northern Taiwan, continue south along the central
mountain range, funnel together as they head down
the narrow Hengchun Peninsula of southern Tai-
wan, and then cross the Luzon Strait to the Philip-
pines (Severinghaus 1992, Tsai 1996, Tsai et al.
2003), with some perhaps continuing farther south
to Indonesia (Germi 2005, Germi and Waluyo 2006,
Germi et al. 2009). Previous observations suggested
that roughly two-thirds fewer migrants returned
northward along this route in spring (Severinghaus
1992, Lin 1993, Chen 2004, Liu 2004), with alterna-
tive northbound routes unknown prior to our study.

In 2001 and 2002, Taiwan’s Central Weather Bu-
reau installed two weather radar stations in south-
ern Taiwan to monitor typhoon activity. These sta-
tions allowed us to monitor passage of Chinese
Goshawks during spring migration. We applied this
remote-sensing technology to determine the abun-
dance, migration routes, and flight behavior of Chi-
nese Goshawks over water and land.

METHODS

We used data from two weather-radar stations lo-
cated at Kenting, Hengchun Peninsula (21°54'N,

[Traduccion del equipo editorial]

120°53'E) and Chiku, Tainan County (23°08'N,
120°04'E) in southern Taiwan (Fig. 1). The heights
of the two radar antennas were 48 m and 30 m
above mean sea level, respectively. The radar sys-
tems were METEOR 1000S S-band (10.3-11.1 cm)
Doppler weather radars (AMS-Germatronik, Neuss,
Germany) with an operating frequency range of
5.6-5.65 GHz and maximum ranges of 500 km (re-
flectivity) and 250 km (velocity). Peak transmitter
power was 750 kilowatts, the half-power beam width
was 1.0°, and the antenna dish diameter was 8.5 m.
Computers connected to the radar systems automat-
ically produced radar images at 8-min (Kenting) or
10-min (Chiku) intervals. The resolution of the im-
ages was 250 m X 250 m, exceeding the 1 km X 1 km
resolution of WSR-88D (Gauthreaux and Belser
1998). We used the base reflectivity product with
the lowest elevation angle (0.5°) and a range of
100 km, because we did not detect any goshawks
beyond that range. When needed, we also used
the base velocity product to sieve small flocks from
weather systems (Gauthreaux and Belser 1998).

We examined 5360 radar images taken between
0500 and 1930 H (GMT/UTC + 8:00) during 1-30
April 2004 at the Kenting station. The Kenting radar
produced a fan-shaped image because mountains to
the north blocked radio waves emitted in that direc-
tion. The Chiku radar, located 142 km northwest of
Kenting, partially compensated for this topographic
limitation, and we examined the same number of
images from that site.

After filtering out echoes of low radial velocity
(Gauthreaux et al. 2000), we were able to distin-
guish flocks of Chinese Goshawks from weather
phenomena based on three characteristics: relative-
ly high travel speed (>30 km/hr); movement in
disparate directions or not with the wind; and the
unique, worm-like shapes of flocks (Lan 2003). Dur-
ing daytime ground observations conducted during
the study period in April 2004 at Fenshan Reservoir,
75 km northeast of Kenting, observers identified
99.8% of 53 390 migrants as Chinese Goshawks,
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Figure 1. Locations of radar stations in southern Taiwan and percentages of detected Chinese Goshawks on different

migratory routes to (gray lines) and over or past (black lines) Taiwan in April 2004. We calculated percentages separately

for each part of the two-stage journey.
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with the remainder being Gray-faced Buzzards (Bu-
tastur indicus; Hong 2004).

To estimate goshawk flock sizes from the radar
images, we developed a linear regression model re-
lating flock size to the reflectivity value of pulse vol-
ume (measured in decibels of reflectivity [Z] or
dBZ) using data collected from 15-17 September
2002 and 17-18 September 2004. We correlated da-
ta collected by ground observers at Sheding, where
observers have monitored the autumn raptor migra-
tion since 1990 (Tsai et al. 2003), with radar images
of goshawk flocks recorded 6 km south of Sheding.
Data collected by the ground observers included
general flight direction, the number of birds in each
flock, and the time the flock passed the observers.
To determine the distance from which observers
could detect a flock on a clear day using binoculars,
we communicated simultaneously by cellular phone
with observers at different locations and compared
their observations with flock-location information
derived from radar images. We included in the re-
gression analysis only flocks detected on radar at
distances of <7 km west or east of the observation
station, because the probability that birds passing
beyond that range could be seen by ground observ-
ers was very low.

Because of their size, large flocks were not fully
displayed on radar images until they were 50-70 km
from the radar station. To calculate a flock’s ground
speed (km/hr), we measured the distance it moved
on consecutive images to the nearest 0.01 mm with
calipers. We made measurements at 24-min and 20-
min intervals; i.e., the time intervals between three
consecutive Kenting radar images and two consecu-
tive Chiku images, respectively. We determined the
altitude at which a flock was flying using the formula
developed by Rinehart (1997).

To examine the effect of wind on flight speed and
altitude, we estimated wind direction with a protrac-
tor and wind velocity based on movements of clouds
near migrating flocks on radar images. We then clas-
sified wind speeds based on the Beaufort scale (Ah-
rens 2000) and wind directions as follows: tail wind,
337.6° to 22.5°%; following crosswind, 22.6° to 67.5° or
292.6° to 337.5°%; opposing crosswind, 226° to 270° or
112.6° to 157.5° and head wind, 157.6° to 202.5°.

We used #tests to compare differences in flight
speed and altitude under different wind conditions
and during passage over various land and water
crossings. We conducted all statistical analyses using
SPSS (1997) and equated statistical significance with
P = 0.05.
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Figure 2. Relationship between numbers of migrating

Chinese Goshawks and the reflectivity value of pulse vol-
ume (dBZ) shown on radar images from Taiwan. Data
were collected from 15-17 September 2002 and 17-18
September 2004.

RESULTS

Goshawk flock size and the reflectivity value of
pulse volume were strongly and positively correlated
(Fig. 2).

During the April study period, we detected on Kent-
ing radar images 193 flocks of Chinese Goshawks fly-
ing over the Luzon Strait. Flocks averaged 3.1 km long
(SD 3.41 km, range 1.0-27.5 km) and 0.7 km wide (SD
0.30 km, range 0.3-2.5 km). Using the regression
model, we estimated that these flocks contained a to-
tal of 225 935 Chinese Goshawks, with flock size aver-
aging 1166 birds (SD 2173, range 181-22 842).

Most (96%) of the migrants detected on Kenting
radar images over Luzon Strait passed through on
just three days: 74 576 (32% of the whole 5-d count)
on 18 April; 13 392 (6%) on 19 April, and 134 652
(58%) on 22 April. The remainder (4%) passed
through on 12 and 23 April. The largest flock of
about 24 000 birds (27.5 X 2.5 km in size) first
appeared 87.5 km southwest of the Kenting radar
station at 1524 H on 22 April, took 30 min to fly past
the Hengchun Peninsula, and was accompanied by
several smaller flocks (Fig. 3).

The arrival times of Chinese Goshawks along the
Hengchun Peninsula ranged from 0948 H to after
sundown (1916 H); however, most birds arrived in
late afternoon from 1500-1700 H (Fig. 4).

Migrating Chinese Goshawks flew northward over
Luzon Strait toward Taiwan across a broad front
(Fig. 1). The majority (65%) flew to the Hengchun
Peninsula from the south. Roughly one third (30%)
flew toward Taiwan, but veered northwest toward
the Pescadores and Taiwan Strait. Another 5% re-
mained over the ocean east of Taiwan, heading to-
ward Orchid Island and Green Island.
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Figure 3.

Radar image of the largest flock of migrating Chinese Goshawks (indicated by arrow) observed approaching

Hengchun Peninsula, Taiwan, at 1636 H on 22 April 2004. The radius of the ring is 100 km. The flock was accompanied

by two smaller flocks.

After flocks flew beyond the range of the Kenting
radar, the Chiku station picked up the radar echoes
sequentially. Using the regression model, we esti-
mated that the Chiku radar detected 150 619 birds
or 67% of the number detected by the Kenting ra-
dar. Of the number detected by the Chiku radar, we
discovered that about 113 717 birds or 75.5% flew
inland to roost in the mountains of southern Tai-
wan for up to 2 d before continuing their journey
(Fig. 1). Subsequently, they appeared between
0600-1300 H on the south and southeast sections
of the radar. The remaining 36 902 birds or 24.5%
did not roost in Taiwan, but made a nonstop flight
across the Luzon Strait directly to the Pescadores,
located about 50 km west of Taiwan, arriving there

between 1710-1820 H. Of the birds that stopped to
rest in Taiwan, some 82 840 (or 55% of the total
number detected by the Chiku radar) then flew
from the southwestern coast of Taiwan across Tai-
wan Strait toward mainland China (Fig. 1). The re-
mainder, 31 479 birds (or 21% of the total number
detected by the Chiku radar), continued north over
Taiwan and eventually flew out of radar range.
The ground speed of most Chinese Goshawk
flocks migrating over the Luzon Strait averaged
51 km/hr (n = 183, SD = 9.2, range 29-78 km/
hr); we were unable to calculate the speed of 10
small flocks due to difficulty following their flight
trajectories. At Beaufort IV wind speeds (21-29 km/
hr), flocks flew faster with a following crosswind (n
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Figure 4. Aggregate numbers of migrating Chinese Gos-
hawks passing near the Hengchun Peninsula, Taiwan, by
hour during April 2004.

= 154, 53 £ 7.4 km/hr) than with an opposing
crosswind (n = 29, 41 * 7.6 km/hr; ¢ = 8.44, df
= 181, P < 0.001). With a weak (Beaufort II) op-
posing crosswind, flocks flew slower over land (n =
37, 34 * 6.4 km/hr) than they did over water with
an even stronger (Beaufort IV) opposing crosswind
(1= 2.68, df = 64, P = 0.009). Flocks flying over the
Taiwan Strait toward mainland China flew much
faster than flocks flying over land (¢ = —10.0, df
= 87, P < 0.001), even under similar wind condi-
tions (e.g., Beaufort III crosswind: 55 = 5.0 km/hr
over water [n = 17] vs. 34 = 5.3 km/hr over land [n
= 14]; t = —11.5, df = 29, P < 0.001).

The altitude of Chinese Goshawk flocks flying
over the Luzon Strait averaged 313 m (n = 154,
SD = 100.8, range 144-742 m). When flying over
land, their flight altitude averaged significantly
higher (n = 84, 639 * 149.0 m; ¢t = —20.0, df =
236, P < 0.001); however, the altitude of Chinese
Goshawk flocks over the Taiwan Strait (n = 93, 608
* 146.2 m) was not significantly different from their
altitude over land (¢ = 1.36, df = 175, P = 0.174).
With a Beaufort IV wind, goshawk flocks flew higher
with a following crosswind (n = 125, 307 * 77.4 m)
than they did against an opposing crosswind (n =
24, 270 = 339 m; t = 2.34, df = 147, P < 0.001).

DiscussioN

The predictive power of our linear regression
model describing the relationship between Chinese
Goshawk flock size and reflectivity was similar to the
model developed by Gauthreaux and Belser (1999),
who studied the density of birds migrating at night
using WSR-88D radar. We did not convert dBZ to Z,
as suggested by Black and Donaldson (1999), be-
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cause the model exhibited satisfactory predictive
power using dBZ. In comparing the two models,
note that 1 dBZ reflectivity corresponded to a lower
density of goshawks (25-37 cm in length; Thiollay
1994) than nocturnal birds (Gauthreaux and Belser
1999), primarily smaller passerines (Gauthreaux
1971). Unexplained variance in our predictive mod-
el likely reflects poor air clarity, which can affect the
visual range of birders and flock configuration
(Diehl and Larkin 2005).

Our regression model likely underestimated the
number of Chinese Goshawks migrating along the
oceanic flyway of East Asia. We arbitrarily chose a 7-
km radius as the maximum distance from which a
ground-based observer could spot a goshawk flock
using binoculars. The 7-km radius is much larger
than that reported by Kerlinger (1989), who deter-
mined that hawk flocks may remain unseen at dis-
tances of only 2.5-3.0 km. If this is true, the slope of
the regression model will be underestimated, and
the number derived from the equation will be small-
er than the actual number.

If Chinese Goshawks passing through Taiwan mi-
grate to and from their breeding grounds via the
same flyway, winter mortality rates could be estimat-
ed using data collected by the Kenting radar station.
There are no radar images for autumn 2003; how-
ever, ground observers counted 94 264 Chinese
Goshawks during the 2003 migration season (Y. Tsai
pers. comm.), which was significantly fewer than the
number estimated by Kenting radar for the 2004
spring migration. Birds missed by ground observers
included those flying too far offshore to be seen,
such as those heading to Orchid Island about
70 km away, and birds that arrived in the afternoon
after observations had ceased.

Chiku radar detected only about two-thirds of the
Chinese Goshawks detected by the Kenting radar.
Part of the difference reflects the fact that 14% of
the flocks detected by the Kenting radar flew east of
Taiwan or to the eastern side of the Hengchun Pen-
insula where they were not detectable by the Chiku
radar (see Fig. 1). We also found that Chinese Gos-
hawks flew higher over land in southern Taiwan,
where thermals are probably stronger (Wallington
1977), than they did over the Luzon Strait. It is
unlikely that radar could detect birds roosting in
the mountains and those birds may ride thermals
up and out of radar range between scans, which
occur at 10-min intervals. This factor also may have
contributed to the detection of lower numbers at
Chiku.
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Using radar, we found that massive numbers of
Chinese Goshawks migrate to and past Taiwan in
April on their way to breeding grounds north of
Taiwan. We determined that their passage in the
vicinity of the Hengchun Peninsula of southern Tai-
wan occurs across a broad front, which means that
ground-based observers at Sheding typically detect
only a portion of the species’ migration (Severing-
haus 1992). Furthermore, we discovered that most
Chinese Goshawks crossed over to mainland China
from the southern coastline of Taiwan, which ex-
plains why few birds are seen in northern Taiwan
(Lin 1993, Chen 2004, Liu 2004). These results also
provide valuable information to Korean researchers
concerning potential routes followed on the re-
maining legs of the species’ migration (C. Choi
pers. comm.).

With the assistance of radar, we learned that more
Chinese Goshawks migrate through southern Tai-
wan than previously thought. In the autumn, when
the northeast monsoon prevails, southbound gos-
hawks fly along the eastern side of the central
mountain range, where the prevailing wind creates
updrafts. In contrast, the southwest monsoon pre-
vails in the spring and northbound goshawks catch
updrafts along the west side of the central mountain
range. Such loop migration patterns have been ob-
served among other raptor species (Yossi and Yom-
Tov 1998, Meyburg et al. 2003, Bildstein 2006).

We found that a few Chinese Goshawks roosted
on two off-shore islands: Green Island and Orchid
Island. These birds probably migrate via Okinawa
and Japan to breeding sites in Korea (C. Choi pers.
comm.) and may return by the same route, never
stopping on the island of Taiwan.

Based on their flight speeds and arrival times at
Hengchun Peninsula, we have formed some ideas
about where flocks of northbound Chinese Gos-
hawks may depart from the Philippines. Most mi-
grants arrived near the southern shores of Taiwan
between 1500-1700 H. This is consistent with an 8-
9 hr nonstop journey at 50 km/hr, possibly from
Luzon Island, located >400 km to the south. Birds
arriving earlier (around midday) may have come
from the Babuyan Islands, located 290-350 km away.
The few goshawks that arrived at Hengchun Penin-
sula even earlier in the morning may have flown from
the Batan Islands, which lie only 150-200 km away.

Hundreds of Chinese Goshawks arrived about 1 hr
after dark. There are a few reports of other diurnal
raptors, such as the Peregrine Falcon (Falco peregri-
nus), Northern Harrier (Circus cyaneus), Osprey
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(Pandion haliaetus), and Levant Sparrowhawk (Accip-
iter brevipes) migrating at night (Cochran 1985, De-
Candido et al. 2006, Russell 1991, Spaar et al. 1998),
but this is the first report of such behavior among
Chinese Goshawks. We do not think flying after
dark is normal behavior for this species. Rather,
we suspect it is something individuals must do to
survive flights over water that were delayed or longer
than expected. Our study site is in a popular tourist
area with many coastal resorts and hotels. Perhaps
artificial lights help birds find their way and provide
illumination for late arrivals.

Chinese Goshawks flew faster over the sea than
over land. Gray-faced Buzzards (Butastur indicus)
in this region (Chen et al. 2007) and other raptors
(Meyer et al. 2000) also fly faster over the ocean
than over land. We suspect that Chinese Goshawks
fly faster over the sea to minimize flight time and to
avoid arriving after dark. Moreover, thermals and
other updrafts are stronger over land than over
the sea (Wallington 1977) and it is easier for mi-
grants to find a safe place to roost over land. There-
fore, rather than having to rely primarily on costly
powered flight, raptors traveling over land are able
to employ slower but more energy-efficient soaring
and gliding flight during their cross-country travel
(Hedenstrom 1993, Spaar et al. 1998). Such factors
also help explain why Chinese Goshawks flew at
higher altitudes over land than over water. Chen
et al. (2007) reported similar behavior among
Gray-faced Buzzards in the same study area.
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