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ABSTRACT 

Nibutani fishway was installed in 1996 at Nibutani Dam, Hokkaido, Japan. The 
fishway is special as its body can automatically move up and down to a maximum 
height of 5.9m, in response to the water-surface level of the reservoir, so that the 
flow rate is always almost constant. We carried out an evaluation study of the 
fishway, with special focus on masu salmon. The study includes a field survey of 
juvenile masu salmon upstream, inside and downstream of the dam, and fish-trap 
investigation of downstream migrating smolt and upstream migrating adult at the 
fishway and some other watercourses. As a result, we found that: (1) the fishway is 
effective for upstream migrating adults, even though some of them stay downsteam 
of the dam for long time, (2) almost every smolt appear to pass through the dam to 
downstream safely because the ratio of the reservoir's capacity/inflow is so small that 
the water in the reservoir is flowing, (3) the salmon resource appears to have been 
maintained after the dam was installed even though there is a big fluctuation of  
salmon numbers year by year. 
Keywords：Up and Downstream migration,  Masu Salmon, Fishway 
  

INTRODUCTION 
Nibutani Dam, a multipurpose dam with a dam height of 32.0 m and a crest length 

of 550.0 m, was completed 21 km upstream from the mouth of the Saru River 

(figure1.photo1). It was completed in 1996 as part of the Saru River General 

Development Project.  The Saru River, with a catchment area of 1,350 km2 and a 

length of 104 km, rises in the Hidaka Mountains in Hokkaido and flows into the 

Pacific Ocean.  The river holds an important position as a reproductive river of 
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important marine resources, such as salmon, trout 

and surf smelt.  Many spawning grounds and 

habitats of masu salmon are upstream of the dam site.  

Therefore, a fishway was built at Nibutani Dam to 

secure a passage for upstream migration.  To meet 

a water level fluctuation of 5.9 m, a fishway with a 

lower part that is fixed and an upper part that has a 

(swinging-chute gate) was developed (figure2).  As 

this is the first use of such a fishway in the nation, its 

effect is being observed. 

Because many masu salmon in the Saru River pass through Nibutani Dam when 

migrating upstream from and downstream to the ocean, the quality of the passage 

greatly influences the preservation of resources.  Since before the completion of the 

dam, the authors and other researchers have investigated the habitat conditions of 

young fish and the situation of upstream migration of adult fish.  Since the dam 

completion, we have carried out additional investigations according to fish life cycle, 
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such as investigations focusing on 

upstream and downstream migration 

through the fishway and on fish 

distribution within the dam, and we have 

clarified the function of the fishway and 

other items.  This paper reveals the state 

of upstream and downstream migration 

of fishes and examines the movement of 

masu salmon resources before and after 

the construction of the dam, in order to  

evaluate the functional performance of the fishway. 

 

LIFE CYCLE OF MASU SA
Masu salmon (Oncorhynchus masou, 

photo 2) spawn at the upper reaches of 

rivers in autumn.  They hatch the 

following spring, and young fish 

spend a year in the river.  Their body 

length is about 10 - 20 cm.  They run 

down to the sea in the second spring 

after hatching, spend a year in the sea, 

run up the river in the third spring 

(April - June) and spawn in autumn 

(September - October) at the upper 

reaches of the river, together with 

salmon that have remained in the river.  

The body length of large adult salmon 

that have migrated upstream from the 

sea reaches 60 cm or more.  Salmon 

Figure2. 
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migrating downstream become smolts with a silvery body color and run down to the 

sea in April - June.  Most female salmon and about half of male salmon run down to 

the sea.  Most of the salmon 

remaining in the river are male.  Masu 

salmon have the life cycle shown in 

Figure3.  They pass through Nibutani 

Dam twice: once when migrating 

downstream, and once upstream.  

Accordingly, the dam passage 

conditions greatly influence the 

resources of masu salmon. 

 

INVESTIGATION
1.The population of young salmon 

At reaches above and below Nibutani Dam, w

density of young masu salmon that had hatched that y

the trend of young salmon resources and the num

upstream. 

2.The adult salmon migrating upstream 

We investigated the number of adult masu salmon

river around Nibutani Dam fishway. 

3.The state of downstream migration 

Investigation was carried out to clarify through w

run down from the dam reservoir. 

In this investigation, a mark was put on 10,000 m

reservoir (body length: about 13 cm, weight: 25 g)

upstream of the dam site in late May, the season

downstream, every year since 1997. 

(1) Each downstream migration route in Nibutani Dam

We recaptured fish in May - June with downst

downstream migration routes: a channel for power ge
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the main discharging gate, and the fishway.  We used the results to examine 

downstream migration routes. 

(2) Within the reservoir of Nibutani Dam 

To clarify downstream migration conditions of smolts and the state of emergence 

of lake salmon, we captured fish with a gill net within the dam reservoir in June - 

August. 

(3) Coastal areas 

We decided to use reports from coastal fishermen and recreational anglers, and 

results of market research by research institutions. 

(4) Within the watercourse of the Saru River 

We captured fish in June, a period of upstream migration of adult fish, with a gill 

net immediately downstream of the dam, in order to check for marked individuals 

that had homed. 

 

RESULTS OF THE INVESTIGATION 
1. The population of young salmon  

The results of the investigation of young salmon conducted in 1991 - 2000 show 

that the estimated population changed between 4,199 and 49,511, indicating a great  

fluctuation (figure4).  The largest estimated population was 1997 year class fish 

born from adult salmon which migrated upstream immediately after the start of use 

of the fishway.  The population of 1998year class fish born from a group that 
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migrated upstream in the second year after the completion of the dam was low, as 

was that of the 1993 year class fish.  This was attributed largely to the influence of 

the destruction of spawning beds by a rise in the river that resulted from rain (about 

200 mm in five days) on November 26 - 30, 1997 

2.The adult salmon migrating upstream 

Upstream-migrating adult fish immediately downstream of the head works of the 

Saru River numbered 0 - 4 per 25-m-long gill net per 24 hours until the completion 

of Nibutani Dam (1996) and varied in a three-year cycle (Figure4).  However, the 

greatest capture (7 fish) was in June 1998, showing a tendency to increase that was 

unlike the past pattern.  In the investigation of fish migrating upstream through the 

fishway in the five years from 1996 to 2000, 27 of 30 fish migrated upstream in 

September and 3 fish did so in June. 

3. The state of downstream migration 

(1) Each downstream migration route in Nibutani Dam 

As shown in Figure5, the number of recaptured smolts was the highest in the 

channel for power generation, followed by the main discharging gate, with a small 

number of smolts recaptured in the fishway.  It was understood from this that the 

channel for power generation was heavily used for downstream migration. 

  

Figure5. Recapture results of each down stream migration route in Nibutani dam 
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(2) State of fish remaining in the reservoir of Nibutani Dam 

The number of smolts 

recaptured within the dam 

reservoir was large in June, a 

downstream migration period, and 

small from July.  Only one lake 

salmon was captured in August 

during the four years of 

investigation (figure6). 

 

(3) Recapture condition in coastal ar

We obtained a report that 71 fis

coastal areas .  As shown in Table

15 and 23 for ones released in 1997

the highest recapture was January - 

fish). 
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DISCUSSION 
We examined the state of downstream migration based on the recapture condition 

of smolts released until 1999. 

(1) State of downstream migration in Nibutani Dam 

From the result of the investigation, it was judged that smolts run down the dam 

without remaining within the dam reservoir.  As for downstream migration routes, 

the channel for power generation was the most heavily used and the fishway was the 

least heavily used. 

(2) State of recapture in sea areas 

Recapture points of 71 fish recaptured in sea areas are indicated in Figure7.  

According to the figure, many smolts were around Erimo Point for a month after the 

release and faster smolts reached the sea off Kushiro in 48 days.  While the number 

of recaptured smolts was very small in September - December, the number increased 

in January – March and nearly half of recapture reports focused on this period.  

Those reports concentrated on the coast of Iburi from Muroran to Tomakomai and on 

the coast of the Kameda Peninsula in southern Hokkaido or the Shimokita Peninsula 

in Aomori Prefecture. 

Erimo 

図-5 海域でのサクラマス再捕状況 
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(3) State of recapture within the river 

Homing of released smolts was confirmed by the fact that one fish was recaptured 

immediately downstream of the dam.  However, because the recaptured number 

was small, the recapture rate and the homing rate have not been examined yet. 

(4) Recapture rate 

From the aforementioned results of recapture in sea areas and within the river, the 

recapture rate in this investigation was calculated at 0.18 - 0.33 %.  According to 

Mayama (1992), the recapture rate of released smolts is 0.28 - 0.90 % (0.57 on 

average) in the Shiribetsu River but the rate along the coast varies greatly according 

to how much effort is made in conducting recapture, and thus it is difficult to obtain 

an accurate number.  The recapture rate in this investigation is a little lower than 

that of the Shiribetsu River.  However, when taking into account that smolts were 

transported and released without prior work, such as selection and domestication, 

which is thought to exert a great influence on the yield after release, and that reports 

of the recapture were limited, is thought that our recapture results are generally 

accurate. 

(5) Turnover rate(the ratio of the reservoir's capacity/inflow) 

From these results, we judged that downstream migration of smolts in Nibutani 

Dam was generally favorable.  The high turnover rate of 107.2 times (1998) at 

Nibutani Dam is thought to be one of the factors in smoothing the downstream 

migration of smolts.   

(6) resources of masu salmon 

From the results of the investigation of the young salmon population and the 

investigation of adult salmon migrating upstream, adult masu salmon migrating 

upstream at a point in Nibutani Dam and young salmon living at the upper reaches 

were confirmed.  Given the life cycle of masu salmon, the existence of young fish 

means upstream migration of adult fish.  It is safe to say that measured values 

obtained so far and estimated values of adult fish based on these values indicate that 

resources have been as well-maintained after the completion of Nibutani Dam as 

before its completion. 

. 
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CONCLUSIONS 
As a result of our studies  we found that 

(1) The fishway is effective for upstream migrating adults, even though some of 

them stay downstream of the dam for long time, 

(2) Almost every smolt appear to pass through the dam to downstream safely 

because the ratio of the reservoir's capacity/inflow is so small that the water in 

the reservoir is flowing,  

(3) The salmon resource appears to have been maintained after the dam was 

installed even though there is a big fluctuation of salmon numbers year by year. 

 

Finally, there are more unknowns concerning fish, including smolts, migrating 

downstream in the dam reservoir than those concerning fish migrating upstream.  

The collection of data on fish migrating downstream in various dam reservoirs is 

desired for the future. 
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