
1) Aqua Restoration Research Center, Public Works Research Institute, Kawashima Kasada, Kakamigahara, Gifu 501-6021, Japan
2) River Restoration Team, Water Environment Research Group, Public Works Research Institute, 1-6, Minamihara, Tsukuba, 

Ibaraki 305-8516, Japan
3) Mie University Research Center, 1577 Kurimamachiya, Tsu, Mie 514-8507, Japan
4) Mount Ontake Volcanic Eruption Research Group of the Tokai Branch of the Japanese Society of Limnology (with Drs. Kentaro 

NOZAKI, Takashi TASHIRO, and Tomomasa TANIGUCHI)

Report

Comparison of fish fauna in a river that received pyroclastic flow from the 
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Abstract

Impacts of the 2014 eruption of Mt. Ontake on fish distribution were preliminarily evaluated by 
undertaking fish censuses in five streams near the mountain in 2015. The Nigorigawa River, which 
received pyroclastic flow, was used as an impact site. Another two rivers (the Shinokurosawa River 
neighboring the Nigorigawa and the Ohtakigawa River, which has confluence with the Nigorigawa) 
were used for evaluating whether the impacts extended beyond the Nigorigawa River. The other two 
rivers (the Shirakawa and Kurokawa), which received no pyroclastic flow from Mt. Ontake, were used as 
control sites. Fish censuses were conducted from September to November in 2015 by snorkeling for 5 to 
50 minutes, according to observed fish density, the exception being the upstream site of the Ohtakigawa 
where collection was conducted for 5 minutes using a brail net. Approximately 1800 individual belonging 
to six taxa (Japanese charr, Salvelinus leucomaenis; red spotted masu trout, Oncorhynchus masou 
ishikawae; Japanese dace, Tribolodon hakonensis; Japanese fat minnow, Rhynchocypris logowskii 
steindachneri; juvenile cyprinidae; common freshwater goby, Rhinogobius sp.) were observed. Although 
no fish was observed at the Nigorigawa site or in the Ohtakigawa River downstream of its confluence with 
the Nigorigawa, the same absence of fishes had been reported before the eruption occurred. Additionally, 
the other censused sites, including those in the neighboring streams, contained some fishes, suggesting 
that the impacts of the eruption (if any) were locally limited. The fact that the Nigorigawa had previously 
experienced disturbance following a landslide suggests that mountain streams that have undergone 
disturbance once may tend to experience successive disturbances due to geomorphic changes such as 
valley deepening. Accordingly, even neighboring mountain streams may have contrasting disturbance 
regimes that influence the recovery of fish fauna from stream disturbances. Further studies involving large-
scale and long-term surveys are necessary to accumulate data on the relationships between the presence/
absence of fishes and water environments associated with disturbance.
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Introduction

Volcanic eruptions are among the largest and most broad-
scale disturbances, and assessing the associated destruction 

and recovery of ecosystems can provide opportunities for 
elucidating the important processes that determine the 
distribution of organisms. Accordingly, the effects and 
impacts of volcanic eruptions on ecosystems and organisms 
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should be examined. In previous studies, the repercussions 
of such eruptions have been almost exclusively assessed in 
terrestrial ecosystems (Griggs, 1915; Yoshii, 1932; Yoshioka, 
1966; Tagawa, 1989; reviewed in Tsuji and Kosugi, 1991; 
Nakashizuka et al., 1993; Hasegawa and Abe, 2006), with 
few surveys in aquatic ecosystems, particularly in Japan (but 
see Kimura et al., 1978; in addition to Newcomb and Flagg, 
1983; Brusven and Horning, 1984; Martin et al., 1984). 
However, volcanic eruptions can also have impacts on 
aquatic organisms by causing changes in water quality, such 
as decreases in pH and increases in turbidity, due to inflows 
of tephra into streams and rivers (Stewart et al., 2006). For 
example, low pH and high turbidity can impact fish species 
in a number of ways, including perturbation of responses, 
such as avoidance behavior; reduced feeding and growth; 
immunological depression; and decreases in migration and 
reproductive success (for pH: Ishio, 1963; Ikuta, 1999; 
for turbidity: Japan Fisheries Resource Conservation 
Association, 1994; Waters, 1995). Of these reactions, the 
change in avoidance behavior is initially caused by moderate 
changes in pH and turbidity, and this may potentially change 
fish distribution (see Waters, 1995; Ikuta, 1999). Thus, 
impacts associated with volcanic eruptions can be examined 
by assessing changes in fish distribution (before–after 
design). In cases without data collection before eruptions, 

however, a viable alternative is to compare fish distribution 
among both impacted and non-impacted streams (control–
impact design).
   Mount Ontake, a volcanic peak locates on the border 
between Nagano and Gifu prefectures in central Japan, 
erupted on September 27, 2014 (see Oikawa et al., 
2014; Iguchi and Nakamichi, 2015), and in this study we 
conducted a preliminary evaluation of the impacts of this 
eruption on aquatic organisms by comparing fish distribution 
among streams in the vicinity of the volcano.

Methods

Six sites were established in five streams to assess impacts 
of the eruption on fish distribution (Fig. 1). A site in the 
Nigorigawa River (st.1) was used as an impact site since 
this river received considerable amounts of pyroclastic flow 
following the eruption (Oikawa et al., 2014; Yamamoto, 
2014). This was a consequence of the deepening of the 
valley of a tributary, the Denjogawa River, by land-sliding 
associated with an earthquake in 1984 (Nakamura et al., 
1987). To assess the effects of the inflow, two sites (st. 2 
and 3) in the Ohtakigawa River were located downstream 
and upstream, respectively, of its confluence with the 
Nigorigawa. A site in the Shimokurosawa River (st. 4) 

Fig. 1. Study sites and streams around Mt. Ontake. Filled and open circles indicate 
potentially impacted (Nos. 1–4, with inflow from southern side of Mt. Ontake) and 
reference (Nos. 5 and 6) sites, respectively. The distribution of pyroclastic flow and 
ash fall was redrawn from Iguchi and Nakamichi (2015).
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was used to examine whether the eruption (pyroclastic 
flow, in particular) also has impacts on neighboring rivers. 
These four sites could potentially have been impacted by 
pyroclastic flow because they are located on the southern 
side of Mt. Ontake, parts of which experienced heavy 
pyroclastic flow (Oikawa et al., 2014; Yamamoto, 2014). 
Sites in the Shirakawa River (without inflow from Mt. 
Ontake) and Kurokawa River (on the western side of Mt. 
Ontake) (st. 5 and 6, respectively) were used as reference 
sites, since they were likely to receive little pyroclastic 
flow. In each of the six sites, a study section was established 
to include one or more of pool-riffle sequences, so as to 
potentially encompass all species within the reach.
   Fish censuses were performed in all sections from 
September to November in 2015 by snorkeling for 5 to 50 
minutes according to observed fish density and river width; 
the exception being st. 3, at which collection was performed 
for 5 minutes using a brail net. Numbers of individuals in 
fish schools, which consisted mainly of juveniles, were 
approximately estimated to the nearest ten or hundred. Fish 
species were identified as accurately as possible, with the 
exception of Rhinogobius sp. and juveniles of cyprinidae 
fishes, which are difficult to identify in water. Scientific 
and English names of fishes follow those of Nakabo (1993) 
and Yuma et al. (1998), respectively. Observed numbers 
were divided by searching times to convert counts into 
counts per unit effort (CPUE) as relative density. This was 
done because the area searched, which was inconsistent 
during the study period, is unsuitable for calculating relative 
density.

Results

A total of approximately 1800 individuals belonging to 
six taxa (Japanese charr, Salvelinus leucomaenis; red 
spotted masu trout, Oncorhynchus masou ishikawae; 
Japanese dace, Tribolodon hakonensis; Japanese fat 
minnow, Rhynchocypris logowskii steindachneri; juvenile 
cyprinidae; common freshwater goby, Rhinogobius sp.) 
were observed in this study (Table 1). Among the four sites 
located on the southern side of Mt. Ontake, no fish was 
observed in the Nigorigawa River (st. 1) or at the site in 
the Ohtakigawa River downstream of its confluence with 
the Nigorigawa (st. 2), whereas some fishes were observed 
in the Shimokurosawa River (st. 4) and in the Ohtakigawa 
site upstream of its confluence with the Nigorigawa (st. 3). 
The other two sites (st. 5 and 6) without inflow from the 

southern side of the mountain also contained some fishes. 
Although the Kurokawa site contained  a greater number 
of fishes compared to those at the other sites, most of them 
were mainly consisted of  juvenile cyprinidae, Japanese fat 
minnow, and common freshwater goby, which tend to be 
distributed further downstream than the red spotted masu 
salmon (Niwa, 1954). Thus, the relative density of the other 
species at the Kurokawa site was similar among all the sites 
where fishes were observed.

Discussion

Estimation of impacts of the eruption on fishes
The findings of this study indicate that the volcanic 
eruption of Mt. Ontake had little overall impact on fish 
distribution, and even if there were any impacts, these 
were likely to have been confined within narrow limits. 
Although the fact that no fish was observed at two sites [one 
in the Nigorigawa River and the other in the Ohtakigawa 
River downstream of its confluence with the Nigorigawa 
(Table 1)] might be indicative of an impact caused by the 
eruption, a similar distribution pattern of fishes had been 
reported under undisturbed conditions (Niwa, 1954; Takeda, 
1985; Nagano Prefecture, 2011), probably because of the 
peculiar water quality, such as low pH, high turbidity, and 
iron-rich water (Tomatsu et al., 1994; Nagano Prefecture, 
2011). Accordingly, the absence of fishes in the two 
aforementioned sites is not necessarily a consequence of the 
volcanic eruption. Moreover, even if the eruption did have 
effects on fishes, it may not have led to the disappearance of 
fishes from the sites. Additionally, neighboring sites (in the 
Shimokurosawa River and the Ohtakigawa River upstream 
of it confluence with the Nigorigawa River) had some 
fishes, suggesting that impacts of the eruption are unlikely to 
have been wide-ranging. However, the possibility of impacts 
caused by pyroclastic inflow from the Nigorigawa through 
diffusion to more downstream sites was not examined 
in detail in this study. To comprehensively examine the 
impacts of the eruption on fishes, extensive surveys of fish 
distribution along the Ohtakigawa will be necessary.

Significance of control sites and pre-disturbance data
Establishment of appropriate control sites and collection 
of pre-disturbance data are necessary for an accurate 
assessment of ecological impacts. The present study 
attempted to evaluate the impacts of volcanic eruption 
based on only limited data. For example, the two site in the 
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Shirakawa and Kurokawa rivers might not be appropriate 
as control sites. Given the fish fauna recorded in this study 
(Table 1) and by Niwa (1954), the Shirakawa site with only 
Japanese charr may be too far upstream or too far from the 
confluence of this river with the Ohtakigawa, whereas the 
Kurokawa site with common freshwater goby and many 
juvenile cyprinidae may be too far downstream to serve as 
a suitable control site. However, in this study, we identified 
different patterns of fish distribution among four sites (st. 
1–4), which were initially assumed to have been impacted 
by the eruption because of their location. Therefore, the 
results of this study suggest that impacts, if any, were not 
extensive. Establishing suitable control sites, which have 
conditions similar to those of the impacted site, with the 
exception of water quality characteristics associated with 
volcanic eruptions, will make it possible to assess the 
impacts more precisely.
   Further, collecting pre-disturbance data is essential when 
attempting to detect impacts using a before–after design. 

For example, in the present study, the fact that no fish was 
observed at the site in the Nigorigawa River and the site in 
the Ohtakigawa River downstream of its confluence with 
the Nigorigawa should not be interpreted as an impact of 
the eruption, because previous studies had shown that there 
had been no fish at these sites prior to the eruption (Niwa, 
1954; Takeda, 1985; Nagano Prefecture, 2011). Without 
this knowledge, the observations made in this study could 
easily have led to a contrasting conclusion. Although pre-
disturbance data is therefore essential for evaluating the 
impacts of disturbance, these data are not always available 
due to difficulty in predicting the occurrence of large-scale 
disturbances like volcanic eruptions. In the event of such 
cases, it will be useful to compile recent fish distribution 
data by integrating the substantiated records of fishes caught 
by individual fishermen (e.g., Niwa, 1954; Yamamoto, 
2000) and data obtained in previous studies (Niwa, 1954; 
Takeda, 1985; Kobayashi et al., 2004; Kitano et al., 2005).

Table 1. List of observed fishes at the sites regarded as potentially impacted and reference sites.

Site no.*1 Observation
Species Observed number and 

(CPUE*2/10 min.)Date in 2015 Time (min.)
Impact

1 Oct. 9 5 0 (0)
Oct. 10 30 0 (0)

2 Oct. 10 30 0 (0)
3 Nov. 29 5 Rhynchocypris logowskii steindachneri 1 (2.0*3)

4 Sep. 6 10 Salvelinus leucomaenis 2 (2.0) 
Oncorhynchus masou ishikawae 3 (3.0) 
Tribolodon hakonensis 2 (2.0) 

Oct. 8 35 Salvelinus leucomaenis 9 (2.6) 
Rhynchocypris logowskii steindachneri 1 (0.3) 

Reference
5 Oct. 9 20 Salvelinus leucomaenis 2 (1.0) 
6 Sep. 8 40 cyprinidae juvenile 1000 (250.0)

Rhynchocypris logowskii steindachneri 27 (14.3)
Oncorhynchus masou ishikawae 2 (0.5) 
Salvelinus leucomaenis 2 (0.5) 
Rhinogobius sp. 1 (0.3) 

Oct. 9 50 Rhynchocypris logowskii steindachneri 700 (140) 
Tribolodon hakonensis 6 (1.2) 
Oncorhynchus masou ishikawae 11 (2.2) 
Salvelinus leucomaenis 1 (0.2) 
Rhinogobius sp. 1 (0.2) 

*1 Detailed information on the sites is presented in the text and figure 1.
*2 Counts per unit effort
*3 No. of fishes caught using a hand net.
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Toward understanding the mechanisms maintaining fish 
fauna in mountain stream systems
This study has indicated that there are marked differences 
in fish fauna even between neighboring streams (Table 
1). This may be due to the high spatial heterogeneity of 
various factors such as water quality (Tomatsu et al., 1994) 
or disturbance regimes (Nakamura et al., 1987) in the 
Ohtakigawa watershed. Neighboring streams with high 
heterogeneity will function as refugia from disturbances 
and contribute to recovery through immigration, as pointed 
out by Sedell et al. (1990). Since fishes are sensitive to 
water quality and have relatively high mobility, temporal 
avoidance and recovery is likely to be a significant 
mechanism for maintaining fish metapopulations in 
mountain stream systems, where tributaries have high 
spatial heterogeneity and are closely located. To obtain 
a more thorough understanding of the underlying 
mechanisms, further studies need to accumulate data on the 
relationships between the presence or absence of fishes and 
water environments (e.g., water quality) associated with 
disturbances in many streams.
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摘　要

2014年の御嶽山の噴火で火砕流の流入のあった河川と 

その周辺の河川での魚類相の比較．

小野田幸生・萱場祐一

　2014年の御岳山の噴火が魚類の分布に及ぼす影響を予備的

に評価するために、御岳山周辺の5つの河川で魚類センサス

を実施した。火砕流が流入した濁川は影響区として、他の隣

接する2河川は、影響の拡散を評価するために設定された。

御岳山からの流入のない残りの2河川は対照区として設定さ

れた。2015年の9～11月にかけて、魚類密度に応じて5～50分

間のスノーケリング（1地点のみ5分間の手網採集）で魚類セ

ンサスを実施した結果、6分類群（イワナ属、アマゴ、ウグイ、

アブラハヤ、コイ科魚類、ヨシノボリ属）、約1800個体が観

察された。濁川と濁川合流後の王滝川では魚類が観察されな

かったが、同じパターンは噴火前から報告されていた。さら

に、隣接する河川の調査地点を含む他の地点では魚類が観察

された。これらの結果は、今回の噴火による魚類への影響は

それほど大きくなく、影響があったとしても局所的だったこ

とを示唆する。より詳細な評価や回復過程の把握のためには、

広域的かつ長期的な魚類調査を継続していく必要があるだろ

う。

キーワード：魚類群集，山地河川，撹乱体制，避難場所，空 

　　　　　　間的異質性
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