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Abstract The abundance and biomass of salmon carcasses (Oncorhynchus keta and O. masou masou) were studied

in a spring-fed tributary, the Naibetsu River, Chitose River system, Hokkaido, northern Japan, during 1998-2008.

Almost all adult salmon are caught by an adult salmon trap each fall at the lower reach of the Chitose River for

a salmon enhancement program. The abundance and biomass fluctuated annually and seasonally, with two peaks in

the fall and winter. The range in carcass biomass was 0.05-10 kg 100 m” in fall and 0.4-61 kg 100 m™ in winter.

In some years, the biomass was greater than the lowest effective biomass for stream production, 5 kg 100 m”, which

was evaluated in previous studies. The total number of carcasses in the fall was significantly correlated with the high-

est water level at the lower reach of the river, indicating that adult salmon swam over the trap at flood stage. Carcass

abundance in winter may depend on the population size spawned in the wild at the upper reach.
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Introduction

In the last two decades, studies conducted mostly in the
Pacific Northwest have revealed that salmon carcasses are
important for production in river and riparian ecosystems
(reviewed by Kline et al., 1997; Cederholm et al., 1999;
Ito et al., 2006). In rivers, salmon carcass nutrients are
consumed directly by benthic macroinvertebrate scavengers
and indirectly through benthic algae or fungus by grazers
and detritus feeders. Because salmon carcasses are carried
to riparian zones by birds, mammals, and floods, they are
also available for many terrestrial animals and plants.

The consumption of carcass nutrients by aquatic in-
vertebrates results in the rapid growth and high survival
rate of salmon juveniles. For example, the growth rate
of juvenile coho salmon (Oncorhynchus kisutch) is
higher in carcass-rich streams than in streams without
carcasses (Bibly er al., 1998; Wipfli et al., 2003), and
the return rate of adult coho salmon is higher when

their juveniles grow in carcass-rich years than in car-

abundance, biomass, fish trap, flood, salmon carcass

cass-poor years in the same stream (Michael, 1995).
In northern Japan, almost all of the adult chum
salmon (O. keta) that return to spawn have been cap-
tured over the past several decades by adult salmon traps
in lower reaches of rivers for artificial fertilization and
enhancement (Nagata, 2003). However, since the mid
1990s, the adult catch has decreased in many rivers from
mid-October to November (Nakajima and Ito, 2003).
We studied the abundance of carcasses in Naibetsu
River, a tributary of the Chitose River, which is located
upstream from adult salmon traps, in Hokkaido, northern
Japan from 1998-2008 and reported the abundance of
carcasses, mass-loss process, and the positive effect of
carcasses on benthic amphipod reproduction based on
the first 5 years of observation (Ito et al., 2004, 2005;
Kusano and Ito, 2005). The aims of the present study
were to estimate the seasonal and annual fluctuation of
carcass abundance and to eclucidate the factors influenc-
ing the abundance based on observations over 10 con-

secutive years.

* E-mail: tobikera@siren.ocn.ne.jp



Ito and Nakajima

Methods

Study site

The Naibetsu River, a second-order spring-fed stream,
originates 50 m above sea level, meanders through a de-
ciduous forest for about 3 km, and flows into the
Chitose River, where almost all adult salmon are caught
at the lower reach for artificial enhancement (Fig.1). In
1964, a 2-m-high dam (without a fish road) used for
city water was constructed 300 m upstream from the
mouth (the point where the Naibetsu River flows into
the Chitose River), which prevents farther upstream mi-
gration by salmon. The study site was approximately
2100 m’ in area (300 m in length and 7 m in average
width) between the dam and stream mouth.

At the study site, the stream discharge is about 0.33
m’ s and the gradient is about 0.5° as measured from
a 1/25000 map. Crowfoot (Ranunculus yezoensis) and
water speedwell (Veronica americana) reside in the
middle and edge of the stream. Large boulders are ab-
sent and a few fallen trees exist, but some pools can
hold carcasses. The water temperature ranged from 4.
2°C (January 16, 2000) to 11.7°C (September 8, 2006),
and electric conductivity (HORIBA ES-12; Horiba,
Tokyo, Japan) ranged from 5.5 ms m' (October 10,
2000) to 9.9 ms m" (September 9, 2001).

Adult salmon traps were set 7 km downstream of the
study site from late August to early December every

year (Fig. 1). Every fall since 2004, a number of male

Hatchery

chum salmon have been released on the upper side of
the trap by the Chitose Salmon Museum for observation
by the general public. Other features of the study site
are shown in Ito et al. (2005).

Methods

Carcasses were counted and weighed from September
to March 2008, biweekly from 1998 to 2000 and
weekly during 2000-2008 to estimate their abundance
and biomass. At each visit, the carcasses were counted,
identified as to species, and wet weighed to the nearest
0.1 kg using spring scales (Kamoshita or Zanko).
Following the data collection, the carcasses were gently
placed back in the position where they were found. In
subsequent visits, if the same carcass was present at the
study site, it was counted and weighed again.
Abundance and biomass of carcasses were calculated in
100m* units at each visit.

Each carcass was tied at the mouth and opercle with
a numbered tape. The total number of carcasses found
in the study site was noted by counting the plastic tapes
used in each season. The tapes were not used in 1998
and 1999, so we substituted the maximum number
counted first for the total number in a season.
Therefore, the total number was underestimated in 1998
and 1999.

Because we found many carcasses from mid-January
to mid-February 2008, we weighed 20 randomly chosen

carcasses and substituted the total weights at each visit.

Water Level
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Dam for City Water
Naibets,, River l Chitose RiVEL
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Z

Fig. 1 Map of the study site, adult salmon trap, and water level observatory in
the Chitose River system. Open arrows along the river show the direction of flow.
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Fig. 2 Biomass of salmon (chum and masu) carcasses at the study site, 1998-2008.
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Results

Species of salmon carcasses

Almost all carcasses were chum salmon, but a few
masu salmon (O. masou masou) were found almost every
year: 1/44 (1 masu among a total of 44 carcasses) in
1998 and 1999, 1/7 in 1999 and 2000, 4/8 in 2000 and
2001, 1/48 in 2001 and 2002, 1/63 in 2002 and 2003,
0/66 in 2003 and 2004, 0/67 in 2004 and 2005, 0/199 in
2005 and 2006, 1/183 in 2006 and 2007, and 2/746 in
2007 and 2008. The masu salmon carcasses were found

from September to November, but never in other months.

Influence of release by the Chitose Salmon Museum
on carcass abundance

In every fall of 2004-2007, a number of male chum
salmon have been released on the upper side of the trap
by the Chitose Salmon Museum. Numbers of the salmon
released and numbers of male chum carcasses found in the
study site after the release dates were 300 and 5 in 2004,
400 and 1 in 2005, 200 and 1 in 2006, and 80 and 0 in
2007.

number of the salmon released (=0.422, p>0.05), sug-

Number of the carcasses was not correlated to

gesting that the salmon release by the museum did not in-

fluence on the carcass abundance in the study site.

Seasonal changes in carcass biomass

Carcass biomass at the study site is shown in Fig. 2.
The biomass in the fall fluctuated from one peak (9 years
except 2004) (2004).
biomass in the fall ranged from 0.05 kg 100 m> (2002)
to 10 kg 100 m” (2005). The winter biomass peaked in

mid or late January and decreased to zero until February

to two peaks The maximum

or March. Maximum biomass in the winter ranged from
0.4 kg 100m™> (2000 and 2001) to 61kg 100 m> (2008).

Annual fluctuation in carcass abundance

The total number of carcasses in the study site is shown
Fig. 3. In the fall, carcasses ranged from 1 (2002) to 28
(2001), while in the winter, they ranged from 3 (2000
and 2001) to 746 (2008). A gradual increase was ob-
served in the number of carcasses found in winter during
the last 3 years of the study, and they were extremely
abundant in 2008.

Because many adult salmon are caught at the fish trap
in the Chitose River, carcass abundance may have been
influenced not only by the size of the salmon population
migrating up the river but also by the high water level
over the trap. We inspected the quantitative relationship
between the carcass abundance and total adult catch in fall
at the fish trap (National Salmon Resources Center, 1995-
2008) and the highest water level at the observatory in
the lower reach of the river near the trap (Fig. 1,
http://www 1 .river.go.jp/cgi/SrchWaterData, date
2008; Ishikari

Construction, unpublished data) (Fig. 4). Based on the

access

January 31, River Development and
Pearson test, the total number of carcasses was not corre-
lated with the total adult catch (Fig. 4A, p= 0.57), but it
was significantly correlated with the highest water level
(Fig. 4B, p= 0.01) in the fall. When we analyzed the in-
fluential factors of winter carcasses, we omitted the ex-
tremely large number found in 2008. The total carcass
number in winter was not correlated with either the total
salmon catch in fall (Fig. 4C, p= 0.86) or the highest

water level in winter (Fig. 4D, p= 0.07).
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Fig. 3 Total number of salmon carcasses at the

study site, 1998-2008.

Discussion

Abundance and biomass of salmon carcasses fluctuated
seasonally and annually at the study site (Figs. 2, 3). In
the fall, carcass abundance was correlated with the highest
water level downstream of the fish trap (Fig. 4B), indicat-
ing that the abundance during this season was highly
affected by flooding over the trap. This conclusion sup-

ports the results from the first 5 years of observation at
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Fig. 4 Relationship between the total number of carcasses in Naibetsu River and the total adult catch or the highest
water level at the lower reach of the Chitose River. A. Total number of carcasses in fall versus the total adult
salmon catch in fall. B. Total number of carcasses in fall versus the highest water level in fall. C. Total number of
carcasses in winter versus the total adult salmon catch in winter. D. Total number of carcasses in winter versus the

highest water level in winter.

this study site (Ito et al., 2005). Adult salmon might be
stimulated by high flow rate at flood to move upstream
(Banks, 1969).

Because the carcass abundance in winter was not corre-
lated with either the total salmon catch in fall or the high-
est water level in winter (Fig. 4C, D), some adult salmon
may have migrated and spawned in the upper reaches of
the Chitose River during that season. Moreover, the annual
fluctuation in their abundance, including their high abun-
dance during 2007-2008, may have been influenced by the
size of the winter population each year. This estimation
coincides with our previous study (Ito et al., 2005).

The influence of salmon carcasses on stream productiv-
ity has been studied in the field and laboratory. Bibly et
(2001)

Northwest and showed that the increase in carcass-derived

al. reviewed 26 field surveys in the Pacific
nitrogen was first detected in the muscle of juvenile coho
salmon at sites with around 5 kg 100 m” of carcasses. In
the laboratory, the adult weight of a detritivorous caddisfly
increased about 10 mg by adding a small piece of salmon
flesh to a rearing bottle (20 cm’ bottle bottom area; 0.5
kg 100 m?) (Ito, 2005). Therefore, 5 kg 100 m” in field

1) Data omitted for statistical analysis: see text.

studies and 0.5 kg 100 m” of biomass in laboratory stud-
ies are the lowest estimated effective carcass biomass.
Among 20 seasons, we found four in which the biomass
was higher than 5 kg 100 m” (winter 2003, fall 2005,
winter 2007, and winter 2008) and among 15 seasons,
they were higher than 0.5 kg 100 m” (all except fall and
winter 1999-2000, winter 2001, fall 2002, and fall 2007)
(Fig. 2). Therefore, large quantities of carcasses were pre-
sent at the study site in some seasons despite the presence
of the adult salmon trap at the lower reach in the fall.
Because the river originates from a large lake (Fig. 1),
the fluctuation of water discharge from the Chitose River
is small compared to other rivers that flow from moun-
tains in Hokkaido (Japan River Association, 1974-2000).
Therefore, the possibility exists that adult salmon swim-
ming over traps would be more numerous in mountain
streams. In fact, a biomass greater than 5 kg 100 m”, the
lowest effective biomass for wild populations of salmon
(Bibly et al., 2001), was observed in several other streams
in northern Japan (Nakajima and Ito, 2003; Nagasaka
and Nagasaka, 2004). The effects of salmon carcasses on

stream productivity warrant study in northern Japan.
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