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Abstract.— Infection levels of the salmon louse Lepeophtheirus salmonis were examined for coho
salmon (Oncorhynchus kisutch) and rainbow trout (O. mykiss) cultured in seawater net pens in
northern Japan. The prevalence of L. salmonis on coho salmon gradually increased from 59.2% in
late June to 84.6% in August when fish were harvested, but the mean intensity remained less than
3.2 parasites per fish. The prevalence of parasite on rainbow trout increased to 92% in November
with a mean intensity of 4.1 parasites per fish. The low infection levels of L. salmonis among sea-
water cultured salmonids in Japan may be largely attributable to the complete single year class cul-
ture system harvested within one year, and to relatively low susceptibility of host fish to the para-

site.
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Introduction

The salmon louse Lepeophtheirus salmonis
(Krgyer, 1837) is a marine ectoparasitic copepod
infecting wild and cultured salmonids in the northern
Hemisphere. The heavy parasite infections cause
serious problems in marine salmonid farms in the
Atlantic coasts of Scotland, Norway, Ireland, and
Canada (see Boxshall and Defaye 1993). In addi-
tion, the parasite has impact on wild populations of
sea trout (Salmo trutta) and sockeye salmon
(Oncorhynchus nerka) (Birkeland 1996; Johnson et.
al. 1996).

In Japan, marine farms annually produce approxi-
mately twenty thousand tons of coho salmon (O.
kisutch) (Mahnken 1991). Most salmon farms are
located along the northeast coast of Honshu Island in
the Sanriku District. In addition, several farms
attempt rainbow trout (O. mykiss) cultures in seawa-
ter net pens in Japan. The salmon louse was record-
ed from these farmed coho salmon and rainbow trout
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(Nagasawa and Sakamoto 1993) as well as from wild
fishes (Nagasawa and Yanagisawa 1992; Nagasawa
et al. 1993), but the impact of L. salmonis on
salmonid mariculture have not been well known.
The aim of the present study is to assess the infection
level of L. salmonis on scawater-reared coho salmon
and rainbow trout in Japan.

Materials and Methods

Coho salmon

Coho salmon were reared in net pens in
Shizugawa Bay along the Pacific coast of northeast-
ern Honshu (Fig. 1). Underyearling coho salmon
smolts (body weight about 150 g) were stocked in
seawater net pens in the middle of October, 1991,
and farmed by the early August of the next year (see
Mahnken 1991). Fish harvested in the Shizugawa
Market were bi-weekly examined for parasites
between June and August in 1992,

Rainbow trout

A marine rearing experiment was conducted for
rainbow trout in Katsurakoi Harbor near Kushiro
along the Pacific coast of eastern Hokkaido (Fig. 1)
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Fig. 1. Maps showing the sampling locations for parasite sur-
vey of seawater-cultured coho salmon and rainbow trout
in northern Japan.

for 6 months in 1988. One thousand rainbow trout
(mean weight 215 g) previously reared in a freshwa-
ter hatchery for two years were held in a seawater net
pen on June 14, 1988. Fish anaesthetized after cap-
ture using MS222 were examined for parasites on
September 2, October 6, and November 22, 1988. No
treatment was conducted for salmon lice throughout
the rearing period.

Parasite survey
Fish were examined for L. salmonis including
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young and adult stages. The fork length and body
weight of each fish were also measured. Some lice
were preserved in 10% formalin for species identifi-
cations. The terms indicating the level of parasite
infections (prevalence, mean intensity, and abun-
dance) were accordance with those proposed by
Margolis et al. (1982).

Results

Coho salmon

The prevalence of L.salmonis gradually in-
creased from 59.2% in late June to 84.6% in August
(Table 1). The mean intensity also increased to 3.2
parasites per fish in late July, but slightly decreased
when water temperature became close to 20°C (Fig.
2). There were no significant relations between the
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Fig. 2. Seasonal changes in prevalence (columns in %) and
intensity (closed circles) of Lepeophtheirus salmonis on
coho salmon, and surface water temperature (closed
squares) in Shizugawa Bay, northeastern Honshu.

Table 1. Prevalence, intensity and abundance of Lepeophtheirus salmonis on coho salmon reared in Shizugawa Bay, northeastern Honshu,

and on rainbow trout reared in Katsurakoi, eastern Hokkaido.

Date of Fish size Number of tish Prevalence ~ Mean intensity Abundance Maximum
survey Fork length (cm)  weight (g) examined infected (%)

Coho salmon in Shizugawa in 1992

June 29 57.5 = 3.5% 3,260 £+ 600* 76 45 59.2 1.69 £ 1.20* 1.00 = 1.24* 6
July 13 548 =48 2,780 + 720 167 128 76.7 241 =147 1.85 + 1.64 7
July 28 56.0 =53 2800 + 820 91 74 81.3 322 £228 2.62 £ 241 11
August 8 57.8 £3.8 3,110 £ 680 52 44 84.6 3.05 = 1.80 2.58 = 1.99 7
Rainbow trout in Katsurakoi in 1988

September 2 270 £ 28 301 £ 119 137 3 22 1.00 £ 0 002 +0.15 1
October 6 30.0 £ 35 478 + 188 120 60 50.0 248 +1.23 1.24 £1.52 6
November 22 33.7 £ 3.6 694 + 227 123 113 91.9 4.13 £ 2.28 3.80 =246 18

*Mean + SD.
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Fig 3. Seasonal changes in prevalence (columns in %) and
intensity (closed circles) of Lepeophtheirus salmonis on
rainbow trout, and surface water temperature (closed
squares) in Katsurakoi Harbor, eastern Hokkaido.

parasite intensity and fish size (fork length, weight or
condition factor; p>0.05).

Rainbow trout

The prevalence was only 2.2% in September, but
increased to 92% in November despite of decreased
water temperature below 5°C (Fig. 3). The intensity
also increased to average 4.1 parasites per fish with a
maximum of 1§ parasites per fish in November.
There were no significant relations between the para-
site intensity and fish size (fork length, weight or
condition factor; p >0.05) throughout the parasite
surveys.

Discussion

Salmon louse causes serious problems to salmon
culture industry in Norway, Scotland, Iceland and
North America. In Japan, however, serious disease
caused by sea lice has not been reported, except that
Caligus orientalis caused heavy mortalities among
pen-reared rainbow trout along the coast of Okhotsk
Sea in eastern Hokkaido (Urawa and Kato 1991).
The present study confirmed that the infection of L.
salmonis is low levels on cultured coho and rainbow
trout in northern Japan. Hemorrahages were ob-
served in the perianal region of infected fish, but
these might not cause severe disease.

In the North Pacific Ocean the infection level of
L. salmonis was different among six species of
Pacific salmon: pink salmon (O. gorbuscha) had
highest infection levels, followed by steelhead trout
(0. mykiss), chinook (O. tshawytscha) and coho
salmon (Nagasawa et al. 1994). Salmon louse 1s
prevalent on pen-reared Atlantic salmon and chinook
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salmon (Johnson 1993), but coho salmon is more
resistant to infection than these fishes (Johnson and
Albright 1992a, 1992b). The low susceptibility of
host fish against L. salmonis may result in the low
level of the parasite infections on cultured coho
salmon in Japan.

The Sanriku District of northeastern Honshu has
an annual seawater surface temperature range from 9
to 22°C (Mahnken 1991). Then cultured salmon are
completely harvested before early August to avoid
the high summer water temperature exceeding the
upper lethal limit for coho salmon. By comparison,
seawater temperatures approach the lower lethal lim-
it for salmonids in winter months along the Pacific
coast of Hokkaido where fish are harvested by the
end of November. Thus Japanese marine salmon
culture is characterized by a fact that fish are reared
in single year class sites for less than one year. Bron
et al. (1994) found a different pattern of population
dynamics of L. salmonis on farmed Atlantic salmon
between single and multiple year class sites in
Scotland. On the single year class site, mean intensi-
ty of L. salmonis gradually increased from one to
two lice in early August to over 45 lice per fish in
October of the next year. On the multiple year class
site, however, numbers rose far more rapidly than on
single year class sites with mean intensity reaching
40 by August and peaking at over 100 lice per fish in
October of the first year. The low level of L. salmo-
nis infections on farmed salmonids in Japan may be
attributable to a single year culture that salmon are
completely reared in single year class sites for less
than one year. A main source of the initial infection
may be salmon lice infecting wild chum salmon (O.
keta), but their migration to the coastal waters of
northern Japan is limited from the late August to
December.

In conclusion, the infection level of L. salmonis is
quite low among seawater cultured coho salmon and
rainbow trout in Japan. It may be attributable to a
single year class culture system harvested within one
year and relatively low susceptiblity of host fish to
the parasite.
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