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Abstract White-spotted charr (Salvelinus leuco-
maenis) typically occupy the upstream reaches of
Japanese streams, whereas masu salmon (Oncorhynchus
masou) are generally found downstream. Temperature
varies predictably with altitude; thus, it is thought to be
an important determinant of the altitudinal niche parti-
tioning. We examined (i) the species composition and
habitat availability (e.g., water temperature and velocity)
in reaches along an altitudinal gradient (elevation:
0-270 m, gradient: 0.6-11%), (ii) microhabitat use at
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the individual level, and (iii) swimming stamina against a
fixed water flow velocity using stamina tunnel tests in the
Ohkamaya River, Hokkaido, Japan. The proportion of
white-spotted charr increased in an upstream direction
from 5 to 95%, whereas summer water temperature and
average velocity increased downstream (temperature:
15-18°C, velocity: 1740 cm s_l). Underwater obser-
vations revealed that white-spotted charr used slow
velocity microhabitat more than masu salmon under
sympatric and allopatric conditions (charr: 7-13 cm s/,
salmon: 15-23 cm sfl). Masu salmon swam twice as
long as white-spotted charr against a fixed-velocity
(66 cm s~ ). Our results suggest that velocity was an
important determinant of the observed altitudinal distri-
bution patterns of masu salmon and white-spotted charr.

Keywords Coexistence - Competition - Elevational
shift - Gradient - Longitudinal change - Trout

Introduction

Many animal and plant species coexist but their
compositions often change spatially along altitudinal/
latitudinal gradients (Tokeshi, 1999). Because tem-
perature notably changes with altitude/latitude, it has
often been suggested as a major determinant of the
altitudinal/latitudinal distributions of organisms.
However, other abiotic factors (e.g., productivity and
humidity) can also co-vary with altitudinal/latitudinal
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gradients. Therefore, it is important to identify species
habitat requirements for a comprehensive understand-
ing of the altitudinal/latitudinal distribution of a
species.

Riverine animal species also exhibit longitudinal
changes in composition (Rahel & Hubert, 1991;
Growns & Davis, 1994; Taniguchi et al., 1998;
Torgersen et al., 2006; Ogitani et al., 2011; Kimoto
et al., 2015). For example, Dolly Varden (Salvelinus
malma) inhabit upstream areas and white-spotted
charr (Salvelinus leucomaenis) inhabit downstream
areas in the rivers of northern Japan (Fausch et al.,
1994). Taniguchi & Nakano (2000) demonstrated that
water temperature affects the outcome of inter-specific
competition, suggesting that altitude-related tempera-
ture is a major determinant of altitudinal distribution
of Dolly Varden and white-spotted charr.

White-spotted charr and masu salmon (On-
corhynchus masou) are common in Japanese mountain
streams (Fig. 1). White-spotted charr primarily
occupy the upstream reaches, whereas masu salmon
are typically found downstream (Imanishi, 1951;
Miyasaka et al., 2003; Tsuboi et al., 2013). Compet-
itive relationships between white-spotted charr and
masu salmon are well recognized based on behavioral
observations and diet analyses between allopatric and

Fig. 1 White-spotted charr,
Salvelinus leucomaenis
(upper), masu salmon,
Oncorhynchus masou
(lower), and their hybrid
(inset)
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sympatric populations (Furukawa-Tanaka, 1988;
Nakano, 1995; Morita & Suzuki, 1999; Miyasaka
et al. 2003). Imanishi (1951) suggested that water
temperature is a key factor causing the distribution
shift and that the maximum summer water temperature
for the transition is 15°C.

Although the altitudinal shifts from masu salmon to
white-spotted charr toward upstream reaches are
widely accepted, the temperature hypothesis is often
criticized because temperature alone does not explain
this altitudinal distribution pattern. Maruyama (1977,
2005) and Yamamoto (1991) suggested that gradient-
related habitat features (e.g., water velocity, shelter
availability, and food availability) are key factors
affecting the relative abundance of white-spotted charr
and masu salmon. A higher gradient has been
hypothesized to induce lower water velocity areas,
abundant shelters, and decreased food availability, all
of which benefit charr in comparison with salmon
(Maruyama, 1977, 2005; Yamamoto, 1991). In fact,
the probability of white-spotted charr occurrence
increases significantly with gradient and is indepen-
dent of altitude (Morita & Yamamoto, 2002). How-
ever, few attempts have been made to relate riverine
environmental data with the altitudinal distributions of
white-spotted charr and masu salmon.
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The objectives of this study were to identify
proximate factors that influence altitudinal niche
partitioning between white-spotted charr and masu
salmon and to address whether the temperature or
gradient hypothesis explains their altitudinal distribu-
tion in nature.

Methods
Study site

A field study was undertaken in the Ohkamaya River,
Hokkaido, the northernmost island of the Japanese
archipelago (Fig. 2). Ten 70-m-long study reaches
were established from the river mouth to an impass-
able waterfall (Fig. 2). This river is relatively pristine
because no dams have been built, no records of

salmonid hatchery releases have been found, and only
one private house lies within the watershed. White-
spotted charr and masu salmon are the dominant fish
species in the river, but the river also contains river
sculpins (Cottus nozawae, C. amblystomopsis, and C.
hangiongensis), freshwater gobies (Chaenogobius
urotaenia and Rhinogobius brunneus), dace (Tri-
bolodon hakonensis), ayu (Plecoglossus altivelis),
and chum salmon (O. keta). All species are diadro-
mous, except C. nozawae.

Altitudinal distributions

White-spotted charr and masu salmon were collected
using a backpack electrofishing unit (300-400 V DC,
model 12B, Smith-Root, Inc., Vancouver, WA, USA)
and a 3-mm mesh dipnet (width, 30 cm) in the 10
study reaches during August 2010. A numbers of each

Fig. 2 Map of the study
area showing the 10 study
reaches (white squares) with
the longitudinal profile of
the Ohkamaya River,
Hokkaido, Japan. Dashed
gray lines show contours
and dot-and-dash line shows
boundary lines of the
watershed
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species within a reach were estimated using the two-
pass removal method (model Pollock and
Otto’s Mh), program CAPTURE, available at http://
www.mbr-pwrc.usgs.gov/software/index.html). The
captured fish were anesthetized with phenoxyethanol
(ca. 0.5 ml/l water), fork length was measured to the
nearest 1 mm, and body weight was measured to the
nearest 0.1 g. Condition factor [(body weight)-(fork
length)_3- 1 04] was calculated for each fish. Young-of-
the-year charr and salmon were distinguished as <67
and <81 mm fork lengths, respectively, based on
length-frequency histograms (Electronic Supplemen-
tary Material Appendix). A total of 514 charr, 362
salmon and six hybrids (charr x salmon) were cap-
tured in the 10 study reaches. The hybrids were easily
distinguished externally (Kato, 1977; Sato et al., 2008;
Miyazawa et al., 2010) and were excluded from the
analysis. Some early run anadromous adults were
collected (26 anadromous charr and four anadromous
salmon), and these fish were also excluded from the
analysis. Only parr were used in this study.

Abiotic environmental variables of the 10 study
reaches were measured during August 2010. Stream
width was measured and substrate composition was
determined at 15 transects spaced at 5-m intervals.
Substrate composition was numericalized (Bain et al.,
1985). Water depth and velocity available for fish
were measured at three evenly spaced points (1/4, 1/2,
and 3/4) along the 15 transects (i.e., 3 x 15 points in
each study reach). Water velocity was measured at
60% of the depth from the surface to the bed using a
propeller-type meter (VR-301; Kenek Co., Tokyo,
Japan). The study reaches were located using a
portable GPS receiver (GPSMAP60CSx, Garmin
Ltd., Olathe, KS, USA), and the altitude and gradient
were determined using 1:25000 scale topographic
maps (http://maps.gsi.go.jp). Water temperature was
measured at each study reach at hourly intervals using
data loggers (Stow-Away TidbiT, Onset Computer
Corp., Bourne, MA, USA) deployed on the stream
beds during August 1-22, wherein the maximum
temperature was registered. Mean (averaged for all
study periods) and maximum temperatures were
obtained for analysis.

Kendall’s rank correlation analysis was used to
examine the relationships between the altitudinal
distributions of charr and salmon and the abiotic
environmental variables. Because most of these vari-
ables covaried with altitude, the residuals of the
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regression on altitude were calculated for each vari-
able for the Kendall’s rank correlation analysis.

Microhabitat use

The foraging microhabitats of the charr and salmon
parr were compared by underwater observations
during July 2011. One observer equipped with a
wetsuit, mask, and snorkel entered the stream at the
lower end of study reach #2 (downstream) or #8
(upstream) and crawled slowly upstream in a zigzag
pattern between 10:00 and 17:00 h. Fish encountered
without a disturbance were observed for up to 5 min to
determine their primary holding position. The holding
position was marked with a ribboned peg. Water
velocity at the holding position was measured using
the propeller-type meter. The height of the holding
position above the bottom was measured using a ruler.
Water temperature at the holding position was mea-
sured using an electric thermometer. A total of 54
charr and 79 salmon were observed under natural
sympatric conditions. A digital video of the foraging
microhabitat during the underwater observations is
available in Supplementary Material (Video A).

Allopatric experiments was conducted during July
2013 to evaluate the intrinsic microhabitat preferences
of the two species. First, all fish were removed by
intensive electrofishing in a pool and adjoining riffles
in study reach #6, and individual charr or salmon were
allowed to enter the pool alternately. The foraging
microhabitat of the charr or salmon parr under
allopatric conditions were observed underwater using
the same protocol described above. Many fish did not
display natural behavior (i.e., hid under cover or
moved away) after entering the experimental pool.
The holding positions of nine charr and 10 salmon
were determined.

Two-way or one-way analysis of variance (ANOVA)
was used to test the differences in foraging microhabitat
metrics between charr and salmon. Species (chart/
salmon) and study reach (upstream/downstream) were
used as independent variables.

Swimming stamina trial

Swimming stamina trials were conducted in the field
during July 2012. A small water cascade was
constructed using sandbags to induce rapid flow in
the upper end of study reach #1. Then, a stamina tunnel
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(cylindrical transparent tube, 65-cm long with an 8-cm
internal diameter) was installed with an experimental
fish. Both ends of the stamina tunnel were closed with
I-cm mesh caps. Swimming endurance time (SET),
which was the time when the fish could no longer
swim despite prodding from the downstream end, was
recorded. Velocity at the tunnel outlet was
66.4 + 1.6 cm s~ ' (mean + SD). Water temperature
during the experiment was 14.4-16.1°C. A total of 30
charr and 30 salmon were tested alternately. After the
swimming stamina trial, the fish were anesthetized
with phenoxyethanol, fork length was measured to the
nearest 1 mm, and body weight was measured to the
nearest 0.1 g. Condition factor [(body weight)-(fork
length) >-10%] was calculated for each fish. Digital
videos of the swimming stamina trials are available in
Supplementary Material (Videos B and C).

One-way ANOVA and analysis of covariance
(ANCOVA) were used to test for differences in the
SET between charr and salmon. Natural logarithmic
transformation was used for the SET. Either fork
length or condition factor was used as the covariate in
the ANCOVA. The adjusted means of the model were
tested again after excluding the interaction term when
the interaction between the covariate and independent
variable (species) was not significant (P > 0.05)
(Sokal & Ronhlf, 2011).

All statistical analyses were performed using IBM
SPSS Statistics (Version 20, IBM Corp., Armonk, NY,
USA).

Results
Altitudinal distributions

Charr density (per 70 m of reach) was higher in the
upstream reaches, whereas salmon density was higher
in the downstream reaches, resulting in changes in the
proportion of charr from 5 to 95% in the upstream
direction (Fig. 3). The proportion of charr rebounded
somewhat in the most downstream reach near the river
mouth.

The abiotic environment available for fish changed
along the altitudinal gradient. Both water temperature
and velocity decreased towards the upstream reaches
(Fig. 4). The environmental gradient in the upstream
area was characterized by narrow, shallow, steep, and
low-water discharge habitats, resulting in changes in
the width from 6.2 to 2.2 m, depth from 25 to 15 cm
and gradient from 0.6 to 11% in the upstream
direction. Significant correlations were detected
between the proportion of charr, the charr/salmon
densities, and the abiotic environmental variables

Fig. 3 Numbers of white- _ — 100%
spotted charr, Salvelinus 140
leucomaenis, and masu B |:| Charr 4
salmon, Oncorhynchus B
masou, (bars), and the 120 — l:l Salmon — 80%
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(Table 1); however, the correlation coefficients for
temperature relations were not higher than those for
gradient and water velocity. Very small differences in
temperature were observed between reaches #3 and #7
(A = 0.2°C), even though salmon and charr were most
abundant in reaches #3 and #7, respectively (Fig. 3).

Residuals of the altitude-proportion of charr rela-
tionship were also negatively correlated with residuals
of the altitude-velocity relationship (Table 1), indi-
cating that water velocity was consistently linked to
the proportion of charr even after taking account of
altitudinal trends.

The mean fork lengths of charr and salmon varied
among study reaches (charr, 85-134 mm; salmon,
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86—-137 mm). However, neither charr nor salmon fork
length changed along the altitudinal gradient (all
P > 0.05). The charr and salmon condition factors
decreased in the upstream direction (Fig. 4). Signif-
icant correlations were observed between the charr
and salmon condition factors and the abiotic environ-
mental variables (Table 1).

Foraging microhabitats

The underwater observations revealed that charr
favored slower water velocity and were positioned
closer to the bottom than masu salmon, regardless of
whether they were in an upstream or downstream
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Table 1 Kendal‘l’s Charr proportion  Charr density  Salmon density Charr CF Salmon CF
correlation coefficient
analysis for the altitudinal Altitude +0.867%%* 40.733%* —0.600% —0.867%%% (). 733%*
variations in abiotic and Gradient +0.854%%% +0.764%% —0.584* —0.899%#%  —(,764%*
biotic variables
(+0.111) (+0.467) (—0.289) (=0.111)  (—0.200)
Width —0.689%** —0.644%* +0.511* +0.689%* +0.556*
(—0.067) (—0.244) (—0.378) (+0.067) (4+0.289)
Depth —0.689%* —0.556* +0.511%* +0.778%%  40.733%%*
(—0.289) (—0.467) (4+0.200) (+0.556) (4+0.156)
Velocity —0.822%** —0.778** +0.644%* +0.733%%* +0.600*

) ) (—0.733%%) (—0.378) (4+0.022) (4+0.378) (—0.111)
Numerical values in Substrate size  -+0.200 +0.244 —0.111 —0.289 —0.067
parentheses represent
Kendall’s correlation (+0.289) (—=0.467) (+0.022) (+0.111) (+0.156)
coefficients for the residuals Temp. Mean ~ —0.600% —0.556* +0.333 +0.600* +0.644%
of the regression on altitude (40.244) (+0.333) (—0.333) (+0.111) (+0.511%)
CF, condition factor Temp. Max  —0.539% —0.494% +0.225 +0.494%  40.764%*
* P <005 ** P <00l (+0.200) (+0.289) (—0.289) (+0.067)  (+0.378)
kP < (0.001
Fig. 5 Water velocity at the (@) Upstream (reach 8)
holding position, height
above the bottom, and water 357 257 18
temperature (mean + SD) 30 20l —

. - * %k * %k N
of white-spotted charr, w 25f - < 6l ns
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masu salmon, Z s e © +
Oncorhynchus masou, in the 3 [ '2-_,0 10+ g 14l
upstream (a) and L 10p * T s £
downstream (b) reaches 5F i =
under natural conditions. ns, 0 : : ) ‘ 12 :
P> 0.05; ***P < 0.001 Charr Salmon Charr Salmon Charr Salmon
(b) Downstream (reach 2)
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it om £ 10/ Dog
E 10} T % 14+
sl 5t s
O T T 0 T T 12 T T
Charr Salmon Charr Salmon Charr Salmon

reach (Fig. 5, Table 2). Microhabitat temperature did
not differ between charr and salmon found within the
same reaches (Fig. 5, Table 2). Charr favored slower
water velocity and tended to be found closer to the
bottom under the allopatric conditions, although a
significant difference was only detected for water
velocity (Fig. 6, Table 2).

Swimming stamina trial

Swimming endurance time (SET) against a fixed water
velocity was significantly longer for masu salmon than
for charr (Table 3). SET increased with fork length but
was longer for salmon than that for charr at a given
fork length (Fig. 7a). ANCOVA did not identify a

@ Springer



100

Hydrobiologia (2016) 783:93-103

Table 2 Results of analyses of variance (ANOVAs) for three foraging microhabitat metrics

Velocity

Height above bottom Temperature

Two-way ANOVA for natural conditions observation

Fi120 = 28.1, P < 0.001
F1120 = 9.68, P = 0.002
Fi120 = 0.54, P = 0.464
One-way ANOVA for alone conditions observation
F,17=17280, P =0.013

Species: charr/salmon
Reach: upstream/downstream

Species x reach

Species: charr/salmon

Fi129 = 1.07, P = 0.303
Fi.120 = 26.1, P < 0.001
Fi 129 = 0.024, P = 0.878

F1,129 = 15.8, P < 0.001
F1129 = 0.66, P = 0.420
Fi 129 = 0.067, P = 0.797

F1‘17 = 194, P =0.182 n.a.

Note n.a., not applicable owing to homogeneous temperature in the experimental pool

35 - 25
30}
_ 20}
E ¢ * € ns
§ 20| S 15fF
z £
£ 154 2 ol
E N ¢
o 10 |
>
* 5 | +
5k
0 - T 0 T T
Charr Salmon Charr Salmon

Fig. 6 Water velocity at the holding position and height above
the bottom (mean + SD) of white-spotted charr, Salvelinus
leucomaenis, and masu salmon, Oncorhynchus masou, under the
experimentally manipulated allopatric conditions. ns, P > 0.05;
*P < 0.05

Table 3 Results of analysis of variance (ANOVA) and anal-
yses of covariance (ANCOVAs) for the swimming stamina
trials

Swimming endurance time

One-way ANOVA
Species: charr/salmon Fiss = 13.1, P < 0.001
One-way ANCOVA
Species: charr/salmon Fis5; =194, P <0.001
Fi5; =117, P = 0.010

Fys6 = 0.031, P = 0.860

Fork length (covariate)

Species x fork length
One-way ANCOVA

Species: charr/salmon Fis57 =0.059, P = 0.810
F, 57 = 8.40, P = 0.005

Fl,56 = 0086, P = 0771

Condition factor (covariate)

Species x condition factor

significant difference in regression slopes, but identi-
fied significant differences for adjusted means (i.e.,
intercept) (Table 3). In contrast, the regression slopes
and intercepts of SET on condition factor did not differ
between charr and salmon (Fig. 7b, Table 3), indicat-
ing that the difference in SET between the species
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Fig. 7 Swimming endurance time (SET) of white-spotted
charr, Salvelinus leucomaenis, and masu salmon, Oncorhynchus
masou, against a fixed water velocity in the swimming stamina
trial in relation to fork length (a) and condition factor (b)

could be explained by the difference in condition
factor.
Discussion

We confirmed altitudinal niche partitioning between
white-spotted charr and masu salmon in accordance



Hydrobiologia (2016) 783:93-103

101

with the abiotic environmental gradient. The propor-
tion of charr increased with decreasing water temper-
ature and decreasing water velocity among reaches.
The underwater observations identified significant
differences between charr and salmon in water veloc-
ity of their preferred microhabitat but not in micro-
habitat temperature within reaches. Therefore, water
velocity significantly affected the distributions of
charr and salmon within and among reaches. The
proportions of charr and charr density were more
closely related with gradient and water velocity than
with water temperature. Our results support the
gradient-induced habitat availability hypothesis (Mar-
uyama, 1977, 2005; Yamamoto, 1991), rather than the
temperature hypothesis (Imanishi, 1951).

Mean water current velocity decreased in the
upstream high-gradient reaches. This result is not
intuitive but such a pattern has been observed in other
rivers (Rahel & Hubert, 1991; Growns & Davis, 1994,
Torgersen et al., 2006). A high gradient induces many
water cascades, which generate turbulence and lower-
velocity habitats in headwaters (Yamamoto, 1991). In
addition, lower discharge decreases water velocity in
headwaters. Although the water current velocity
initially increases downstream, it decreases subse-
quently in downstream lowland areas. Our results
show that both water velocity and the proportion of
charr rebounded somewhat in the most downstream
reach near the river mouth. A similar pattern (i.e.,
upstream: masu salmon, downstream: white-spotted
charr) was also noted by Sato (1958), who suggested
that the distribution pattern was explained by the
bottom-dwelling lentic propensity of white-spotted
charr. Maruyama (2005) reported that white-spotted
charr occurred in a low-gradient river mouth owing to
the presence of lush shrub and reed shelters.

The finding that white-spotted charr prefer lower
water velocity and swim closer to the bottom than
masu salmon has been reported previously (Sato,
1963; Furukawa, 1978; Furukawa-Tanaka, 1988;
Nakano, 1995; Yamamoto et al., 2001; Miyasaka
et al., 2003) and was confirmed in the present study.
Nakano (1995) suggested that the different use of
foraging microhabitat is species-specific rather than a
result of inter-specific competition, which is consistent
with our finding that the species-specific propensity of
foraging microhabitat did not change between sym-
patric and allopatric conditions. Moreover, adult
female charr select lower water velocity areas as

spawning sites compared with female masu salmon
(Maruyama, 1981; Nakamura, 1999); therefore, a
difference in spawning activity between the two
species may be another factor affecting the altitudinal
distributions of offspring (parr). Arctic charr (Salveli-
nus alpinus) also prefer lower water velocity habitats
compared with those of Atlantic salmon (Salmo salar)
and brown trout (Salmo trutta) (Heggenes & Saltveit,
2007). Therefore, charrs (Salvelinus spp.) and salmon
(Oncorhynchus spp./Salmo spp.) have distinct funda-
mental niches with respect to water current velocity.

Water current velocity can affect growth and
survival of salmonids (Parker & Barnes, 2014), and
the effect of water current velocity on swimming
performance may differ by temperature (Ojanguren &
Braiita, 2000). Thus, further study is necessary to
elucidate the influence of water velocity via a
temperature change on behavior and the demographics
of white-spotted charr and masu salmon.

Masu salmon were superior to white-spotted charr
with respect to swimming stamina. The swimming
fatigue shown by charr is consistent with their habitat
preference for lower water velocity areas. Dolly
Varden also have inferior swimming speed and
stamina to masu salmon (Kyoshi, 1997). Thus, inferior
swimming ability of charrs may be genus-specific.
Interestingly, the difference in swimming endurance
time (SET) between charr and salmon was explained
by the difference in condition factor alone when
condition factor was used as a covariate. Different
condition factors are reflected by different body
shapes; i.e., salmon have deeper bodies than charr. A
deeper body is often associated with adaptation to
increased water velocity (Pakkasmaa & Piironen,
2000; Seiler & Keeley, 2007). We speculate that the
longitudinal gradient in condition factor observed in
the present study may be adaptive phenotypic plastic-
ity to the longitudinal gradient in water velocity.
However, condition factor is a measure of growth
condition; therefore, a higher condition factor toward
downstream areas may simply be owing to the
temperature-related growth condition (Morita et al.,
2011).

Environmental factors other than water velocity
should not be ruled out to comprehensively under-
stand the altitudinal distributions of white-spotted
charr and masu salmon. First, altitudinal gradients in
stream productivity may affect charr and salmon
distributions. Higher gradients usually increase the
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proportion of pools and decrease the proportion of
riffles. Because most aquatic insect production
occurs in riffles, food availability decreases toward
upstream areas (Yamamoto, 1991). Finstad et al.
(2011) demonstrated that the optimal water temper-
ature ranges for growth and feeding of Arctic charr
and brown trout are almost identical. However,
Arctic charr exhibit double the growth efficiency
throughout the temperature range; therefore, Arctic
charr would outcompete brown trout in cold low-
productivity habitats (Finstad et al., 2011). A similar
situation may occur during altitudinal niche parti-
tioning between white-spotted charr and masu
salmon (Yamamoto, 1991).

Higher gradient channels usually have abundant
shelters for charr, such as rock interstices (Maruyama,
1977). Behavioral observations suggest that white-
spotted charr require shelter in contrast to masu
salmon (Sato, 1958; Maruyama, 1977; Furukawa,
1978). The common Japanese name for S. leucomaenis
is “IWANA,” which means fish living in a rock hole
(Kitahara et al., 2001), indicating that charr prefer to
enter rock interstices. Therefore, higher gradient
streams are suitable for charr because of the abun-
dance of shelter and an increase in the amount of lower
water velocity habitat. Although this study used
coarse-grained analysis for habitat availability, Inoue
& Nunokawa (2002) successfully related habitat
structure and masu salmon density using a fine-scale
habitat availability analysis (i.e., 0.5 x 0.5 m grids).
Such a fine-scale patchiness analysis with shelter
availability would help demonstrate the habitat suit-
ability of charr in the upstream high-gradient reaches.

In conclusion, our results suggest that gradient- or
velocity-related habitat feature was a major determi-
nant of the observed altitudinal distribution pattern of
masu salmon and white-spotted charr during the
summer. Habitat heterogeneity related to velocity
would play an important role for the coexistence of
white-spotted charr and masu salmon. However, the
proportions of charr and salmon often change with
season, and the dominant species in a given reach can
reverse between summer and winter (Morita et al.,
2011; Sahashi & Morita, 2014). Altitudinal distribu-
tions during winter should be investigated in a future
study. Ecosystem heterogeneity through space and
time would guarantee the coexistence of species
(Miyashita et al., 2014).
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