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Introduction
Rainbow trout, Oncorhynchus mykiss, is 

one of the most widely introduced fish species 
in the world (Crawford & Muir 2008), and its 
negative impacts on native fishes and ecosystems 
are of considerable concern (Dunham et al. 
2004; Fausch 2007; Stanković et al. 2015). 
The presence of introduced rainbow trout 
has been widely confirmed in Japan (Morita 
2019; Hasegawa 2020), and the species has 
been reported to inhabit several rivers on 
the Shiretoko Peninsula (Morita et al. 2003; 
Yamamoto 2008; Kasai et al. 2010). One of the 

rivers on the Shiretoko Peninsula where rainbow 
trout is distributed is the Chinishibetsu River, 
where rainbow trout is collected every year in the 
lower river reaches during monitoring surveys 
carried out by the Shiretoko World Natural 
Heritage Site (Hokkaido Regional Forest Office 
& Forest Realize Co., Ltd 2022). The origin of 
the rainbow trout in the Chinishibetsu River is 
thought to be Lake Chinishibetsu in the upper 
reaches of the system, where private stocking 
of rainbow trout was conducted in the 1960s 
(Kaizaki 1990). However, no basic biological 
information has been reported for the non-
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native trout population of Lake Chinishibetsu. 
This study examined the population density, 
distribution of body sizes, age composition, and 
maturity of rainbow trout in the inlet tributaries 
of Lake Chinishibetsu through fish sampling 
during the rainbow trout spawning season.

Materials and methods
This study was conducted in May 2017 

and April 2020 on two inlet tributaries of Lake 
Chinishibetsu (Fig. 1). The river flowing out 
of Lake Chinishibetsu has a natural waterfall 

near its confluence with the main stream that 
does not allow fish to migrate upstream (Fig. 
1). Thus, any non-native fish found in the inlet 
tributaries of Lake Chinishibetsu are assumed 
to have been introduced artificially rather than 
naturally invading from other water sources. 
Fish sampling was conducted in May 2017 
in Tributary A (river width 2.9 ± 1.1 m), and 
in April 2020 in Tributaries A and B (Figs. 
1, 2). Fish were collected using a backpack 
electrofishing unit (200–300 V DC, model 12B 
or LR-20B; Smith-Root, Vancouver, WA, USA) 
and a dip net (30-cm width, a mesh size 3 mm). 
All salmonid fishes obtained during sampling 
were promptly frozen in the laborator y. 
After defrosting , the fork length (FL), sex, 
reproductive state (mature or immature), and 
age were determined for each individual (age 
was determined by using otoliths). For the fish 
sampling in 2017, a 40-m long study reach was 
established in Tributary A (Fig. 1), and rainbow 
trout densities in the reach were estimated using 
the two-pass removal method (model M[b], 
program CAPTURE, Rexstad & Burnham, 
1991;  https ://www.mbr-pwrc.usg s .g ov/
software/capture.html).

Results
A  t o ta l  o f  1 0 4  r a i n b ow  tro ut  w ere 

collected from the two inlet tributaries of Lake 
Chinishibetsu (Fig. 2). The sampled trout 
included 21 immature males, 36 immature 
females, 42 mature males, and 5 mature females 
(Fig. 3; Table 1). The density of rainbow trout 
in Tributary A was estimated at 0.04 ind./m2. 
In addition, 7 white-spotted charr Salvelinus 
leucomaenis and more than 50 Siberian stone 
loach Barbatula oreas were collected in the two 
tributaries (Fig. 2). However, no southern Asian 
Dolly Varden charr Salvelinus curilus, which are 
widely distributed in the rivers of the Shiretoko 
Peninsula, were collected in either tributary.

Rainbow trout ranged in FL from 51 to 383 
mm (Fig. 3; Table 1). The FL distribution of 
mature females was bimodal (Fig. 3). Rainbow 
trout of various ages were collected, ranging 
from age 1+ to 8+ ( Table 1). The oldest 
rainbow trout was a male aged 8+ (Table 1). 
Age at first maturity was 2+ for males and 3+ 
for females (Table 1). The sex ratio of mature 
rainbow trout was significantly male-biased at 

Fig. 1. Maps of the study area. (a) Location of the 
Chinishibetsu River. (b) Locations of the two study 
inlet tributaries (Tributaries A and B) and Lake 
Chinishibetsu. Black lines indicate the river’s course, gray 
lines show roads, and dotted lines show topographic 
contours. The hatched area indicates the 40-m long study 
reach established in 2017 to evaluate the population 
density of rainbow trout in Tributary A.
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Fig. 2. Photographs of the study site and of fish collected in the inlet tributaries of Lake Chinishibetsu. (a) Confluence 
of Tributary A and Lake Chinishibetsu. (b) Rainbow trout Oncorhynchus mykiss. (c) White-spotted charr Salvelinus 
leucomaenis. (d) Siberian stone loach Barbatula oreas.

0.89 (Binomial test, P < 0.001).
White-spotted charr ranged in FL from 63 

to 132 mm (Fig. 4). Ages ranged from 1+ to 
3+ years, and all collected fish were immature 
(Table 2).

Discussion
Rainbow trout were collected from the inlet 

tributaries of Lake Chinishibetsu. The collected 
trout included immature fish, mature males, 
and mature females and ranged in age from 
1+ to 8+ years, including age 1+ individuals 
that may have been born in the previous year. 
Additionally, several spawning adults and 
spawning redds were obser ved during the 
study (the author’s personal observation). This 
suggests that rainbow trout are reproducing in 
the inlet tributaries of Lake Chinishibetsu.

The sex ratio of mature rainbow trout was 
significantly male-biased, which is typical of 

Fig. 3. Distribution of body sizes of rainbow trout in 
the inlet tributaries of Lake Chinishibetsu, Shiretoko 
Peninsula.
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charr were also collected in the inlet tributaries 
of Lake Chinishibetsu. The presence of natural 
waterfalls in the outlet river, which prevent 
fish from migrating upstream, suggests that 
these fish did not reach the inlet tributaries 
through natural migration. Artificial expansion 
of the range of Siberian stone loach can 
occur as a byproduct of the transplantation 
of salmonids (Hatakeyama & Kitano 2018). 
Additionally, Kishi et al. (2002) have suggested 
that the Siberian stone loach population in 
the Chinishibetsu River might originate from 
past artificial releases. White-spotted charr has 
been thought to be absent from the Shiretoko 
Peninsula, including in rivers downstream of 
the study site (Fausch et al. 1994; Yamamoto et 
al. 2006; Tsuboi et al. 2021; Hokkaido Regional 
Forest Office & Forest Realize Co., Ltd. 2022). 
Therefore, Siberian stone loach and white-
spotted charr are likely to have invaded our 

Table1. Biotic characteristics of rainbow trout of various ages. Numbers of fish are shown in parentheses.

Sex 1+ n 2+ n 3+ n 4+ n 5+ n 6+ n 7+ n 8+ n

Male 62±9 (4) 96±14 (17) 162±47 (16) 215±46 (13) 267±94 (7) 325±7 (2) - (0) 315 (1)

Female 69±13 (7) 94±8 (16) 146±63 (9) 183±77 (3) 286 (1) 358 (1) - (0) - (0)

(a) Fork Length (mm) 

Sex 1+ n 2+ n 3+ n 4+ n 5+ n 6+ n 7+ n 8+ n

Male 0 (4) 53 (17) 69 (16) 92 (13) 100 (7) 100 (2) - (0) 100 (1)

Female 0 (7) 0 (16) 11 (9) 67 (3) 100 (1) 100 (1) - (0) - (0)

(b) Maturity rate (%)

salmonid populations that experience partial 
migration (Morita et al. 2009; Morita 2018). 
In contrast to the middle reaches of the 
Chinishibetsu River, where migration to lakes 
and to the sea is blocked by impassable dams 
and where all rainbow trout collected were 
smaller than 250 mm FL (Tsuboi et al. 2021), 
several large individuals (>250 mm FL) were 
collected in our study. The distribution of body 
sizes of mature females was bimodal. Taken 
together, these results indicate the presence of 
two life-history types, namely river residents 
and lake migrants, among both sexes in the inlet 
tributaries of Lake Chinishibetsu.

Siberian stone loach and white-spotted 

Fig. 4. Distribution of body sizes of white-spotted charr 
in the inlet tributaries of Lake Chinishibetsu, Shiretoko 
Peninsula.

Sex 1+ n 2+ n 3+ n

Male - (0) 97 (1) 162±47 (2)

Female 63 (1) 102 (1) 146±63 (2)

Sex 1+ n 2+ n 3+ n

Male - (0) 0 (1) 0 (2)

Female 0 (1) 0 (1) 0 (2)

Table2. Biotic characteristics of white-spotted 
charr of various ages. Numbers of fish are shown in 
parentheses.

(a) Fork Length (mm) 

(b) Maturity rate (%)
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study area at the same time as rainbow trout. 
Only small, juvenile white-spotted charr 

were collected from the inlet tributaries in 
our study. In contrast to rainbow trout, which 
primarily spawns in the spring, white-spotted 
charr spawns during the fall (Morita et al. 2009; 
Morita & Morita 2009; Morita 2019). White-
spotted charr populations that can access lake 
habitats often include lake migrants, which are 
individuals born in rivers that subsequently 
migrate to lakes (Nakano et al. 1990; Yamamoto 
et al. 1992). In eastern Hokkaido, a large 
proportion of both male and female charr adopt 
migratory life histories, and it is uncommon 
for populations existing upstream of migration 
barriers to consist solely of river residents 
(Morita et al. 2009). Therefore, it is likely that 
larger, mature charr were absent from our 
sample because they migrated to the lake during 
the spring when our fish sampling were done in 
the inlet tributaries.

Af t er  th e  f in d ing s  o f  Mo ri ta  e t  a l . 
(2003), rainbow trout have subsequently 
been discovered in the Matsunori River on 
the Shiretoko Peninsula (Kentaro Morita, 
personal observation) and in Lake Onne on 
Kunashiri Island (Kaev & Romasenko 2021). 
Kaev & Romasenko (2021) have suggested 
that the rainbow trout on Kunashiri Island 
might have strayed from rivers on the main 
island of Hokkaido. Individuals collected from 
the Matsunori River and Lake Onne have a 
silvery body color and easily detachable scales, 
indicating that they are in good condition 
for migration to the sea (Kaev & Romasenko 
2021; Kentaro Morita, personal observation). 
Although expansion of the distribution of 
rainbow trout through private stocking has 
been a persistent problem in Hokkaido (Sahashi 
& Morita 2016), the possibility of expansion of 
the distribution via the sea should also be taken 
into consideration. 

The status  of  se vera l  ra inb ow trout 
populations on the Shiretoko Peninsula has 
been monitored through surveys conducted in 
association with the Shiretoko World Natural 
Heritage Site. Rainbow trout collected during 
these sur veys, including those conducted 
downstream of the Chinishibetsu River, are 
removed. However, despite ongoing removal 
efforts, rainbow trout continue to be caught 

downstream of the Chinishibetsu River (Tsuboi 
et al. 2021; Hokkaido Regional Forest Office 
& Forest Realize Co., Ltd 2022), and the 
river remains the primary habitat for rainbow 
trout on the Shiretoko Peninsula. Therefore, 
unless rainbow trout are eliminated from Lake 
Chinishibetsu, which serves as a source of non-
native species upstream of the Chinishibetsu 
River,  it  wil l  be difficult  to control  the 
distribution of this species and to minimize its 
population on the Shiretoko Peninsula.
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知床半島の知西別湖流入支流に生息するニジマスについて：佐橋 玄記・黒木 真理・野別 貴博・
森田 健太郎
ニジマスは，世界中に広く移殖放流された魚類の1種であり，在来の魚類や生態系への負の
影響が危惧されている．知床半島におけるニジマス生息河川の1つが知西別川であり，その起源
は1960年代に移殖放流が行われた水系上流部の知西別湖とされる．しかし，これまで知西別
湖周辺に生息するニジマスの基礎的な生物学的情報は明らかになっていなかった．本研究では，
ニジマス繁殖時期に行った採捕調査から，知西別湖流入支流におけるニジマスの基礎的な生物
学的情報を検討した．知西別湖に流入する2支流で1+から8+までの年齢のニジマス104尾が
採捕された．また，イワナ（アメマス）およびフクドジョウも採集され，ニジマスと同時に意図的あ
るいは非意図的に移殖されたと考えられた．採捕されたニジマスには，未成熟魚，成熟雄，成
熟雌が含まれていた．さらに，ニジマスのメス成熟魚の体長分布は二峰性を示すとともに，ニジ
マス成熟魚の性比は著しく雄に偏っていた．これらの結果から知西別湖の流入支流では継続的
に自然再生産がおこなわれているとともに，河川残留型と降湖回遊型の二型が雌雄両方に生じ
ていると考えられた．また，知西別川の下流ではニジマスが継続して捕獲され続けており，知床
半島におけるニジマスの主要な生息地となっている．よって，この知西別川の上流に位置し，ニ
ジマスの供給源と考えられる知西別湖からニジマスを排除すること無くして，知床半島における
外来種ニジマスの分布抑制または生息情報の最小化は困難であると考えられる．


