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Yuya Makiguchi, Lin-Yan Liao, Yoshifumi Konno, Hisaya Nii, Katsuya Nakao, Jin-Chywan Gwo, Hiroshi
Onozato, Yii-Shing Huang, and Hiroshi Ueda (2009) Site fidelity of and habitat use by the Formosan
landlocked salmon (Oncorhynchus masou formosanus) during typhoon season in Chichiawan Stream, Taiwan as
assessed by nano-tag radio telemetry. Zoological Studies 48(4): 460-467. Movements of (time-series horizontal
position) and habitat use by adult Formosan landlocked salmon (Oncorhynchus masou formosanus) were
examined in a Taiwanese stream, (Chichiawan Stream) using nano-tag telemetry in summer (typhoon season)
2007. A great flood caused by a typhoon occurred during the tracking period in this study, but the flood did not
change the positions or habitat use by the adult salmon. Ten tagged fish predominately used microhabitats
near boulders and made frequent short movements of < 200 m between habitats. Our results suggest that adult
salmon are basically sedentary in summer, but undertake small-scale movements to secure food. In conclusion,
this study provides useful information for the conservation of the Formosan landlocked salmon by showing that
boulders in streams may serve as refuges from floods brought by typhoons.
http://zoolstud.sinica.edu.tw/Journals/48.4/460.pdf
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T

he Formosan landlocked salmon
(Oncorhynchus masou formosanus) is known
as the most southerly distributed salmonid in
the world, and it is only found in the Chichiawan
Stream basin and Hsuehshan Creek (Tachia River
system) located in Shei-Pa National Park, central
Taiwan (Oshima 1955, Lin et al. 1990, Fig. 1). This
is a subspecies of the masu salmon complex (O.

masou) and spends its entire life in freshwater
streams. The fish was formerly abundant in 6
tributaries of the upper Tachia River basin including
Chichiawan, Kaoshan, Yousheng, Nanhu, Sakaran,
and Hohuan Streams (Lin et al. 1990, Tsao et al.
1998, Fig. 1). However, the number of salmon in
the basin has drastically declined in recent years
to approximately 200 individuals due to habitat
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alterations such as construction of erosion-control
dams and agricultural land development (Lin
and Chang 1989). Because of the decline in the
number of individuals, the salmon was listed as
an endangered species by the Republic of China
(ROC) on Taiwan in 1984. Further, the World
Conservation Union, IUCN (Kottelat 1996) listed
this species as a critically endangered species
in its Red Data Book in 1996. The Taiwanese
government is concerned about the species and
has undertaken projects to restore its habitats. The
Shei-Pa National Park Administration launched a
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program for its restoration, including maintenance
of salmon refuges and spawning sites, provision of
fish passage through erosion-control dams, and so
on. Moreover, artificial propagation of the salmon
has been ongoing since 1985. Nevertheless,
the number of fish was still decreasing in the late
1980’s and 1990’s (Lin et al. 2004). At present,
several small populations are maintained only in
short reaches of the Chichiawan Stream basin and
Hsuehshan Creek of Shei-Pa National Park (Fig.
1).
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Fig. 1. Study sites along the Chichiawan Stream basin, Taiwan and the erosion-control dams installed in the basin (#1 - #4).
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Recent advances in biotelemetry technology
enable the tracking of animal behavior or
movements at the individual level (Cooke et
al. 2004), which is a powerful tool to study the
behavior of fish in their natural environments.
Biotelemetry studies have shown that streamdwelling salmonids commonly migrate
between feeding, refuge, and reproductive
sites (Schmetterling 2001, Meka et al. 2003,
Muhlfeld and Marotz 2005). Thus, maintaining
connectivity among habitats may lead to
successful conservation and management of
fluvial populations of salmonids including the
Formosan landlocked salmon (Rieman and
Mcintyre 1995). A better understanding of
seasonal movement patterns of the salmon can
potentially help in the conservation of this species.
Several studies examined the relationship
between habitat use of Formosan landlocked
salmon and physical parameters in streams using
underwater observations (Lin et al. 1990, Day et
al. 1993, Tsao et al. 1998, Lin et al. 2004, Chung
et al. 2007 2008). However, little is known about
seasonal movement patterns of the Formosan
landlocked salmon. Furthermore, every year,
typhoons hit Taiwan and sometimes cause great
floods in Chichiawan Stream. Previous studies
indicated that floods often have severe deleterious
effects on fluvial salmonid fish and their habitat
corridors (Elwood and Waters 1969, Dolloff et
al. 1994, Carline and McCullough 2003, Sato
2006). However, there is no information about the
effects of typhoon floods on the movements of and
habitat use by Formosan landlocked salmon using
biotelemetry techniques because no biotelemetry
instruments were available for such a small-size
species until recently.
The objectives in this study were (i) to
describe the movement patterns of and habitat
use by adult Formosan landlocked salmon in
Chichiawan Stream in summer, and (ii) to evaluate
the effects of floods caused by typhoons on their
movements and habitat use using a recently
developed nano-tag radio telemetry technique.
MATERIALS AND METHODS
Study site
Chichiawan Stream (24º21'-24'N, 121º17'19'E) is located at Wuling Farms, on the upper
reach of the Tachia River, in central Taiwan (Fig.
1) and drains 3 mountains over 3000 m (Tao,

Chihyu, and Pingtien Mountains). The stream is
approximately 3.0 km in length and 7.1-12.3 m
in width with a mean gradient of 118 m/km and a
total stream basin area of 76 km2 (Lin et al. 1990).
The elevation is approximately 1700-1800 m,
and water temperatures of the stream are usually
< 17°C. The study reach was characterized as
predominantly rubble-boulder substrates. There
are some erosion-control dams in Chichiawan
Stream, which are approximately 10 m high
and prevent the salmon from migrating up- and
downstream. After the #2 erosion-control dam
was broken by typhoons in the 1990s, Formosan
landlocked salmon could then move between the
#1 and #3 erosion-control dams.
Transmitter attachment
Tracking surveys were conducted in Aug. and
Sept. 2007 (summer; typhoon season). Salmon
used for the tracking surveys were captured using
a cast net between the #1 and #3 erosion-control
dam just before tagging. Ten individuals (with
fork lengths of 20.3-28.9 cm and body weights of
97.5-238.5 g) were used in the study. Fish in this
survey could not be sexed by appearance because
the majority of fish showed no characteristics of
sexual maturity. Fish were tagged with nano-tag
radio transmitters (NTC-3-2, Lotek Engineering,
Newmarket, Ontario, Canada: 1.1 g in air, 15.5 mm
long, 6.3 mm wide, and 4.5 mm high with a 28 cm
long antenna) and were assumed to be adults as
previous studies suggested that fish over 20 cm
in fork length are adults (Day et al. 1993). Each
fish was transferred to a tank with water containing
FA100 (eugenol; Tanabe Seiyaku, Osaka, Japan)
at a dose of 0.5 ml/L. The fish were placed on
a surgical table, ventral side down. During the
surgical procedure, the gills were continuously
perfused with water containing FA100 at a dose
of 0.1 ml/L. A 10 mm incision was made on the
ventral surface in a cephalic-caudal direction
posterior to the origin of the pelvic fins. The
transmitter, previously sterilized in ethanol, was
inserted into the body cavity above the pelvic
girdle. The antenna was pushed through the
body wall using a hollow needle. The incision
was closed using 3 independent permanent
silk sutures (3/0 Akiyama, Tokyo, Japan). The
operation took approximately 5 min per fish. In
addition, an aminoglycoside antibiotic (kanamycin
ointment, Meiji Seika Kaisha, Tokyo, Japan) was
applied to the incision. After surgery, the fish
were allowed to recover from the anesthesia for
TAO
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at least 1 d in a water tank before being released.
The nano-tag accounted for 0.72% ± 0.18%
(range, 0.46%-1.13%) of a fish’s body weight.
Winter (1983) recommended that the weight of
the transmitter should be < 2% of a fish’s body
weight. Previous studies suggested that surgically
implanted radio and acoustic transmitters do not
affect the feeding, growth, or physiological states
or swimming performance of juvenile Atlantic
salmon (Salmo salar L.; Moore et al. 1990),
chinook salmon (O. tshawytscha; Adams et al.
1998, Martinelli et al. 1998, Jepsen et al. 2001), or
rainbow trout (O. mykiss; Lucas 1989, Martin et al.
1995). Thus, it is unlikely that there were adverse
effects from the surgical implantation of tags on the
movement and behavior of the tagged fish in this
study.
Radio telemetry tracking
The tagged fish were released at 2 points
between the #1 and #2 dams (see Fig. 1), and
tracked from 7 Aug. to 1 Sept. 2007. The locations
of tagged fish were intermittently determined by
manual bank-side tracking with 3 radio receivers
(model SRX600; Lotek Engineering). Signals from
the transmitters were received through a hand-held
directional Yagi antenna, which had 8 elements. In
preliminary tests, hidden transmitters were easily
found within 1 m2 ranges using the receivers and
Yagi antennas. Positions of tagged fish more
than 3 m apart were considered distinct. The
identification (ID) number of the radio transmitter
was displayed and recorded when signals from the
radio transmitters were received. Fish movements
in the river were plotted on a map of the stream
during tracking. When tracking, observers tried
to see each fish before approaching its position
to record habitat characteristics such as whether
or not there were boulders, deep pools, or
large woody debris. Tagged fish were usually
checked twice during the daytime by walking
within 30 m of the stream bank until a signal was
detected. Observers did not disturb the fish or
enter the stream during monitoring. To quantify
movements of the tagged fish, observers marked
the bank at a point perpendicular to the thalweg
and measured the distance to the nearest mark
using a combination of maps after identifying a
fish’s position. Daily movement consisted of the
different locations through the tracking period.
The total movement was defined as the sum of all
movements recorded during tracking.
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Daily average water temperatures during the
tracking periods were 14.5-16.9°C in Aug. and
Sept. 2007. A water-level gauge was installed
1.3 km upstream from #1 erosion-control dam to
measure water levels during the tracking periods.
Water levels were recorded once every morning
during the tracking periods. All statistical analyses
were performed using R statistical software (http://
www.r-project.org).
RESULTS
Ten tagged fish were released on 7 and 9
Aug. 2007 and were intermittently tracked for 2325 d. Five tagged fish moved upstream in the
first few days after release (ranging 330-1570
m; Fig 2a) and were generally sedentary after
that upstream movement. One tagged fish (ID
28) moved upstream after release and then
downstream in the initial few days following
tagging (Fig 2a) and then was also sedentary. On
the other hand, 4 fish did not move from the area
of the release sites during the survey (Fig. 2b).
Typhoon Sepat passed through the middle of
Taiwan during the study, and the typhoon’s heavy
rains caused a flood in Chichiawan Stream on 18
Aug. 2007. The water level in Chichiawan Stream
on 18 Aug. rose approximately 3 m compared to
the normal water level on 7 Aug. (Fig. 3). The
water level remained high for several days after
18 Aug. Water level data could not be collected
after 23 Aug. because the water-level gauge
was washed away by the flood. Contrary to our
expectations, the positions of the tagged fish did
not change during the heavy floods (Fig. 2).
Tagged fish predominantly used “a boulder
habitat” (microhabitat near boulders) throughout
the tracking survey (Table 1). The proportions of
habitat types used by tagged salmon were similar
before and after the typhoon event (Chi-squared
test, p = 0.62; also see Table 1).
To understand daily movements of the
tagged fish, the percent of fish moving different
distances among habitats was examined (Fig.
4). The proportions of fish moving upstream and
downstream were nearly equal (52.7% moving
upstream vs. 47.3% moving downstream; Chisquared test, p = 0.43; Fig. 4), and the proportion
of “short movements” (movement distance
between habitats of < 200 m) was 95.0%.
TAO
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Fig. 2. Movement distances of 6 (a) and 4 tagged fish (b) during the tracking periods. Symbol shapes denote each individual. Y-axes
show the distance toward upstream. The gray line shows water levels measured in the tracking section. The vertical arrow shows the
flood caused by typhoon Sepat on 18 Aug. 2007.

Table 1. The frequency (the number of times) of habitat type use by adult Formosan landlocked salmon
in Chichiawan stream in summer (before and after floods). Figures in parenthesis show the percentage of
habitat type used
Summer
Habitat type
Boulder
Deep pool
Large woody debris
Plunge pool
Total

Before floods

After floods

Total

188(73.2)
68(26.5)
1(0.39)
-

155(71.1)
63(28.9)
-

343(72.2)
131(27.6)
1(0.21)
-

257

218
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DISCUSSION
This study is the first attempt to examine
the effects of a flood caused by a typhoon in
Chichiawan Stream on movements of and habitat
use by adult Formosan landlocked salmon at
the level of the individual using nano-tag radio
telemetry. The flood caused by typhoon Sepat
on 18 Aug. 2007 did not change the positions
of tagged fish. The tagged fish predominantly
used boulder habitats and deep pools during the
flood, and the proportion of habitat type used by
the salmon did not vary between before and after
the flood (see Table 1). These results indicate
that boulders and deep pools may provide adult
Formosan landlocked salmon with feeding and
resting habitats or refuges during high-water-level
events as well as at times of normal water levels.
Boulders in the stream reduce energy expenditure

(a)
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by the fish (Harwood et al. 2002) and increase the
survival rate of salmon during the early life stages
(Nykanen and Huusko 2003). In addition, boulders
can provide refuges to Formosan landlocked
salmon from flood events (Chung et al. 2008;
this study). We therefore suggest that boulders
in Chichiawan Stream are an essential habitat
component for Formosan landlocked salmon.
Non-anadromous salmonids exhibit a wide
variety of migration patterns with spatial, seasonal,
and ontogenetic shifts (Northcote 1997). Sakata
et al. (2005) investigated the movement of fluvial
masu salmon in a mountain stream in Kyusyu,
Japan using mark-recapture methods and found
that they exhibited strong sedentary tendencies
in summer. Adult Formosan landlocked salmon
displayed similar patterns, but short movements
from 1 habitat to another (< 200 m) were frequently
observed in the summer (typhoon season). In
general, productivity in high-elevation streams is
usually low (Ward 1986). Wilzbach et al. (1986)
reported that cutthroat trout (O. clarki pleuriticus)
fed less efficiently in high- than in low-elevation
streams. Young (1996) examined summer
movements of cutthroat trout in a small montane
stream using radio telemetry and revealed that
cutthroat trout continually cruised, suggesting that
the supply of drifting food might not be sufficient for
salmonids to establish limited feeding territories in
such an environment. Those previous studies led
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Fig. 3. View of the #1 erosion-control dam at approximately
10 m in height in Chichiawan Stream with (a) normal flow on 7
Aug. 2007 and (b) during a flood caused by typhoon Sepat on
18 Aug. 2007.

Fig. 4. Moving percentages of tagged fish between habitats
summer in 2007 (solid bars, n = 478). “+” and “-“ respectively
indicate upstream and downstream movements.
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to the idea that frequent short-distance movements
may be more effective as a foraging strategy
in high-elevation or low-productivity streams.
Therefore, adult Formosan landlocked salmon
might undertake repeated small-scale movements.
In conclusion, our results emphasize the
importance of boulders as a habitat component for
Formosan landlocked salmon and provide some
ecological information on this subspecies.
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