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Salmincola edwardsii (Copepoda: Lernaeopodidae)
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Females of the lernaeopodid copepod Salmincola edwardsii (Olsson, 1869) were found parasitizing the gill area of
southern Asian Dolly Varden, Salvelinus malma krascheninnikova Taranetz, 1933, from four rivers (Rusha River, Rausu
River, Shari River, Shibetsu River) in and near the Shiretoko Peninsula, eastern Hokkaido Island, Japan. The females are
briefly described as the first record of S. edwardsii from Hokkaido Island and the southernmost distribution record for the
species in Asia. The branchial chamber was the most frequently used site for attachment by the females, followed by the gill
filaments and the inner surface of the operculum. The overall prevalence of infection was 42.1%, and intensity ranged from
1 to 6 (mostly 1 or 2). The species was not collected from the central and western regions of Hokkaido Island, and the re-
striction of its distribution to eastern Hokkaido Island is discussed in terms of anadromy of the host species. The impact of
global climatic warming on the Hokkaido populations of S. edwardsii is also discussed.
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Introduction

Salmincola edwardsii (Olsson, 1869) is a lernaeopodid
copepod parasitic on chars (the salmonid genus Salvelinus
Richardson, 1836) in the Northern Hemisphere (Kabata
1969). Little information is available on the species in Japan,
where it has been reported from Kunashir Island and Itu-
rup Island, the southern Kuril Islands, east of Hokkaido Is-
land, one of the four major islands of the country (Shedko
and Shedko 2002). Specimens of S. edwardsii were collected
from southern Asian Dolly Varden, Salvelinus malma kra-
scheninnikova Taranetz, 1933 (Salmoniformes: Salmonidae),
caught in 1993 on Hokkaido Island. This represents the first
record of S. edwardsii from Hokkaido Island and the south-
ernmost distribution record for the species in Asia. This
paper briefly describes S. edwardsii using the specimens col-
lected and reports on its attachment sites, distribution on
Hokkaido Island, and prevalence and intensity of infection
on southern Asian Dolly Varden.

Materials and Methods

Southern Asian Dolly Varden were caught by electrofish-
ing by the staff of the Hokkaido Fish Hatchery from August
to November 1993 during a survey of the distribution and
abundance of the species on Hokkaido Island (Takami et

al. 1995). Most of the fish caught were released back into
each collection site not to reduce the population size of the
species after they were counted, whereas others were fixed
in 10% formalin for subsequent examination of stomach
contents. In June 2006, some of the latter fish from nine
rivers (Table 1) were sent to the laboratory of Hiroshima
University, where they were measured for fork length (FL,
mm) and examined for endo- and ectoparasitic metazoan
parasites. When ectoparasitic copepods were found, they
were carefully removed and preserved in 70% ethanol after
their attachment sites were recorded. The copepods were
examined for their morphology using an Olympus SZX10
stereo microscope and an Olympus BX51 compound mi-
croscope. Two specimens from the Shari River were soaked
in lactophenol for 2-3h, and dissected and observed using
the wooden slide method of Humes and Gooding (1964).
Drawings were made with the aid of drawing tubes fitted on
the stereo microscope (for the habitus) and the compound
microscope (for the second antenna, mandible, first maxilla,
and maxilliped). Morphological terminology follows Kaba-
ta (1979) and that for the armature of the endopod of the
second antenna is based on Kabata (1969). Voucher speci-
mens of S. edwardsii (five and four females from the Shari
and Shibetsu rivers, respectively) have been deposited in the
Crustacea collection of the National Museum of Nature and
Science, Tsukuba, Ibaraki Prefecture (NSMT-Cr 28183 and
28184), and the remaining specimens are retained by the
author for a taxonomic study of Salmincola spp. from fresh-
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Table 1. Occurrence of Salmincola edwardsii on southern Asian Dolly Varden in nine rivers, Hokkaido.
Collection locality ‘ o Fork length Perc?sfz::;} ence Intensity Total number of No. of Cf)pepods ;fer attachment site
River Site N_°~ n (mean) in mm examined) (mean) copepods found Branchial Gill Operculum
Fig. 3 chamber filaments
Rusha River Lower reaches of 5 6 October 1993 62-174 (118) 36.4 (4/11) 1(1.0) 4 2 0 2
the main stream
Rausu River Lower reaches near 6 5 October 1993 72-182(127) 33.3(1/3) 2(2.0) 2 2 0 0
the river mouth
Shari River Sattsuru Stream 7 5 October 1993 110-145 (128) 41.7 (5/12) 2-6(3.2) 16 9 5 2
Shibetsu River ~ Upper reaches of 8 7 October 1993 88-198 (143) 50.0 (6/12) 1-4 (1.7) 10 6 3 1
the main stream
Saru River Uenzaru Stream 9 8 October 1993 103-173 (138) 0(0/3) 0(—) 0 0 0 0
Yoichi River Miginomata Stream 10 15 October 1993 105-159 (117) 0(0/7) 0(—) 0 0 0 0
Shiribetsu River Makkari Stream 11 25 August 1993 90-129 (110) 0(0/10) 0(—) 0 0 0 0
Pépenai Stream 11 2 November 1993 53-131 (96) 0(0/6) 0(—) 0 0 0 0
Notto River Upper reaches of 12 21 August 1993 118-162 (141) 0(0/5) 0(—) 0 0 0 0
the main stream
Chihase River ~ Nagumo Stream 13 13 October 1993 83-141 (112) 0(0/10) 0(—) 0 0 0 0
Grand total: 32 19 8 5

Fig. 1.

Salmincola edwardsii, female, from southern Asian Dolly Varden, Salvelinus malma krascheninnikova, from the Shari River, Hokkaido

Island. A, habitus, anterolateral view; B, second antenna, lateral view; C, mandible, lateral view; D, first maxilla, lateral view; E, maxilliped,
lateral view. Abbreviations: ant2, second antenna; b, bulla; ¢, cephalothorax; es, egg sac; ex, exopod; hl, hook 1; mx2, second maxilla; mxp,
maxilliped; p, palp; p4, process 4; p5, process 5; s2, spine 2; sy, sympod; t, trunk. Scale bars: A, 1 mm; B, 50 pm; C, 20 pm; D, 100 pm; E, 200 pm.

water salmonids of Japan. Prevalence, intensity, and mean
intensity follow the definitions of Bush et al. (1997).

In the past parasitological papers, several scientific names
were used for southern Asian Dolly Varden from Japan
[Salvelinus malma (Walbaum, 1792) (Seki 1975; Ito et al.
1987; Shedko and Shedko 2002); S. m. krascheninnikovi
(Katahira et al. 2017)] and the Russian Far East [S. malma
(Shedko and Shedko 2002); S. curilus (Pallas, 1814) (Shedko
et al. 2005)], but S. m. krascheninnikova is herein used based
on WoRMS Editorial Board (2020). Following Dunham et
al. (2008: 539), “southern Asian Dolly Varden” is used as the
common name of S. malma krascheninnikova. The scientific
and common names of other fishes mentioned in this paper
follow Froese and Pauly (2019).

Results

Adult females of S. edwardsii were collected from south-
ern Asian Dolly Varden from four of the nine rivers sur-
veyed on Hokkaido Island (Table 1).

Description of adult female. Cephalothorax (Figs 14, 2)
subtriangular, shorter than trunk, slightly swollen in pos-
terolateral portions, and separated from trunk by shallow
constriction. Trunk (Figs 1A, 2) from orbicular to suboval
with rounded margins, 1.3-1.7 (mean=1.5) mm long
(n=17). Total body length (excluding egg sacs) 2.1-2.9 (2.5)
mm (n=17).

Second antenna (Fig. 1B) biramous with spiny pad on
sympod; exopod slightly bulbous, unsegmented, equipped
with scattered spines and two papillae; endopod two-seg-
mented; basal segment with spiny pad; distal segment with
armature comprising prominent process 4, smaller process
5, projecting hook 1, and small spine 2. Mandible (Fig. 1C)
with six teeth; first and second distal teeth slightly smaller
than third tooth being largest; two proximal teeth small.
First maxilla (Fig. 1D) uniramous with three papillae on
endopod; exopod lateral. Second maxilla (Figs 1A, 2) cylin-
drical, originating from base of cephalothorax at junction
with trunk; bulla (Fig. 1A) with subconical anchor and short
manubrium. Maxilliped (Figs 1E, 2) positioned in ventrolat-
eral region of cephalothorax, tapering to its tip; corpus with
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prominent conical palp; subchela with small seta near base
and patch of denticles near base of claw, ending in small
claw.

Attachment sites. All specimens (n=32) of S. edward-
sii were found attached to the gill area of the fish. The wall
of the branchial chamber was the most common attach-
ment site (59.4%), followed by the gill filaments (25.0%)
and the inner surface of the operculum (15.6%) (Table 1).
Infected gill filaments were often abbreviated in length, and
the host tissue enveloping the bulla was bulbously enlarged
(Fig. 2).

Distribution on Hokkaido Island. Salmincola edward-
sii was collected from four rivers (Rusha, Rausu, Shari, and
Shibetsu rivers) in and near the Shiretoko Peninsula, eastern
Hokkaido Island (localities 5-8 in Fig. 3; Table 1). The spe-
cies, however, was not found from five rivers [Saru, Yoichi,
Shiribetsu (two sites), Notto, and Chihase rivers] in the cen-
tral and western regions of the inland (localities 9-13 in Fig.
3; Table 1).

Prevalence and intensity. The overall prevalence of
S. edwardsii on southern Asian Dolly Varden [62-198
(mean=117) mm FL, n=38] from the four rivers was
42.1%: prevalence in each river ranged from 33.3-50.0%
(Table 1). The overall mean intensity was 2.6 copepods, and
mean intensity in each river was 1.0-3.2 copepods (Table 1).
One copepod (50.0%) was most commonly found per in-
fected host, followed by 2 (31.3%), 4 (12.5%), and 6 (6.2%)
copepods. The smallest infected fish was 71mm FL from
the Rusha River, and 6 copepods were found on a fish of
123 mm FL from the Shari River.

Remarks. The morphology of the copepod specimens
from southern Asian Dolly Varden from Hokkaido Island
corresponds well to the diagnosis of S. edwardsii reported by
Kabata (1969) based on his revision of the genus Salmincola
C. B. Wilson, 1915. The most important key to separate S.
edwardsii from its congeners is the presence of a large pro-
cess on the endopod of the second antenna (Kabata 1969),
which is confirmed in the present study (p4 in Fig. 1B).
Other morphological characters of the specimens also fit
those of S. edwardsii reported before (Kabata 1969; Fryer
1981; Shedko and Shedko 2002; Ruiz et al. 2017). Therefore,
the specimens collected in this study are considered conspe-
cific with S. edwardsii.

The trunk length of S. edwardsii is known to differ be-
tween the Nearctic and Palearctic regions: individuals from
the former region were reported to have shorter trunks
(1.60-2.00mm) than those from the latter region (2.96-
3.00mm) (Kabata 1969). Actually, the trunks of specimens
from North Carolina, US.A., in the Nearctic region are
similarly short [1.6-2.1 (mean=1.9, n=16) mm] (Ruiz et al.
2017). However, those of specimens from Far East Asia in
the Palearctic region are unexpectedly as short as 1.50-2.25
(2.05, n=40) mm (Shedko and Shedko 2002) and 1.3-1.7
(1.5) mm (this paper), which suggests that regional varia-
tions in trunk length of S. edwardsii are more complicated
than those indicated by Kabata (1969). In the present study,
10% formalin used to fix the host fish might have caused a
considerable reduction in trunk length of the specimens of

Fig. 2. Female of Salmincola edwardsii attached to the base of gill
filament of southern Asian Dolly Varden, Salvelinus malma kra-
scheninnikova, from the Shari River, Hokkaido Island. Formalin-
fixed and later ethanol-preserved specimen, lateral view. Abbrevi-
ations: ¢, cephalothorax; es, egg sac; ga, gill arch; gf, gill filament;
mx2, second maxilla; mxp, maxilliped; t, trunk. Scale bar: 1 mm.
Note most portions of the infected gill filament lost, and a bulbous
swelling (*) enveloping the bulla.
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Fig. 3. Map of Hokkaido Island and the southern Kuril Islands,
showing the collection localities of Salmincola edwardsii in the
previous (closed triangles, Shedko and Shedko, 2002) and present
(closed circles) studies. Open circles show no copepod infection on
southern Asian Dolly Varden. 1, Olya Inlet (Prostor Bay), Iturup Is-
land; 2, Kuibyshev Bay, Iturup Island; 3, Petrova River, Kunashir Is-
land; 4, a nameless creek, Kunashir Island; 5, Rusha River; 6, Rausu
River; 7, Shari River; 8, Shibetsu River; 9, Saru River; 10, Yoichi
River; 11, Shiribetsu River; 12, Notto River; 13, Chihase River.

S. edwardsii.

Salmincola edwardsii is the fourth species of the genus
found on Hokkaido Island. To date, three species of the
genus have been reported from salmonids of this island: Sal-
mincola californiensis (Dana, 1852) from masu salmon, On-
corhynchus masou (Brevoort, 1856) (Nagasawa and Urawa
2002); Salmincola carpionis (Kroyer, 1837) from whitespot-
ted char, Salvelinus leucomaenis (Pallas, 1814) [as Salmin-
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cola falculata (C. B. Wilson, 1908) (Yamaguti 1939), see
Nagasawa et al. (1995) for copepod and host identification;
Nagasawa and Urawa 2002: appendix, footnote]; and Sal-
mincola stellata Markewitsch, 1936 from Japanese huchen,
Parahucho perryi (Brevoort, 1856) (Kabata 1986; Nagasawa
and Urawa 1991; Nagasawa et al. 1994; Hiramatsu et al
2001). As stated above, S. edwardsii is easily differentiated
from these congeners by having a large ventral process on
the endopod of the second antenna. Both S. edwardsii and
S. carpionis parasitize chars (the genus Salvelinus), but their
attachment sites are different from each other: S. edwardsii
is found on the branchial cavity, gill filaments, and the inner
wall of the operculum (this paper), whereas S. carpionis in
the buccal cavity (Yamaguti 1939; see Nagasawa et al. 1995,
1997).

Discussion

Salmincola edwardsii has a holarctic distribution and oc-
curs in the UK. (Fryer 1981), Greenland (Due and Curtis
1995), Iceland (Kristmundsson and Richter 2009), Norway
(e.g., Stankowska-Radziun and Radziun 1993; Amundsen
et al. 1997; Paterson et al. 2019), Finland (Boxshall 2020),
Sweden (Boxshall 2020), Germany (Boxshall 2020), Poland
(Boxshall 2020), Russia (e.g., Gussev 1962, 1987; Pugachev
1984; Shedko and Shedko 2002), Canada (e.g., Kabata 1988;
White et al. 2020), and the U.S.A. (e.g., Hoffman 1999; Ruiz
et al. 2017). In Japan, the species is known from the south-
ern Kuril Islands (Shedko and Shedko 2002) and eastern
Hokkaido Island (this paper). To date, two sites on Kunashir
Island (the Petrova River and a nameless creek: localities
3 and 4 in Fig. 3 respectively; Marina B. Shedko, personal
communication) have been recognized as the southern-
most localities of S. edwardsii in Asia. However, the Shibetsu
River (locality 8 in Fig. 3), from which the species was col-
lected in this study, is more southerly located than the two
sites and represents a new southernmost locality for S. ed-
wardsii in Asia.

Southern Asian Dolly Varden are distributed in Sakhalin,
Primorye, Hokkaido, and the Kuril Islands (Shedko et al.
2007; Osinov and Mugue 2008), and Hokkaido Island is lo-
cated at the southernmost limit of their distribution (Morita
et al. 2005; Yamamoto et al. 2014). According to Nakano et
al. (1996: fig. 4), the Hokkaido populations of the species
would be seriously affected by global climatic warming: they
would begin reductions with an increase of 1°C in mean an-
nual air temperature and become extinct on eastern Hok-
kaido Island with an increase of 3°C. This could happen to
S. edwardsii as well.

In the present study, S. edwardsii was collected from the
four rivers of eastern Hokkaido Island, but not from the
rivers of the central and western regions of the island (Fig.
3). In the latter regions, southern Asian Dolly Varden are
land-locked in the upper reaches of the rivers (Fausch et al.
1994; Takami et al. 1995). However, in the rivers of eastern
Hokkaido Island, some individuals of the fish exhibit anad-
romy (Hikita 1962; Ishigaki 1967; Maekawa 1973; Komi-

yama et al. 1982; Morita et al. 2005; Kasugai et al. 2016;
Umatani et al. 2018), and there are records of S. edwardsii
from the same fish species caught in the coastal sea (Olya
Inlet and Kuibyshev Bay) of Iturup Island (localities 1 and
2 in Fig. 3) (Shedko and Shedko 2002). The copepod is
also known to survive on brook trout, Salvelinus fontinalis
(Mitchill, 1814), in saline conditions in eastern Canada
(Black et al. 1983). Based on these facts, S. edwardsii is a
freshwater parasite but euryhaline and might have expanded
its distribution range southward to and established its pop-
ulations in the rivers of eastern Hokkaido Island together
with anadromous southern Asian Dolly Varden.

Like on Hokkaido Island, S. edwardsii parasitizes south-
ern Asian Dolly Varden on Kunashir and Iturup islands
(Shedko and Shedko 2002). The copepod uses the same host
in the Russian Far East, including Kamchatka (Shedko and
Shedko 2002) and Sakhalin (Shedko et al. 2005; Sokolov et
al. 2012). Nonetheless, whitespotted char have also been
recorded as a host for the copepod on Paramushir Island
and in Sakhalin and Primorye (Shedko and Shedko 2002;
Shedko et al. 2005). On eastern Hokkaido Island, whites-
potted char are found with southern Asian Dolly Varden in
the same rivers with some segregations (Komiyama 1982;
Ishigaki 1984; Fausch et al. 1994). It is thus desirable to ex-
amine whitespotted char from eastern Hokkaido Island for
the infection of S. edwardsii.

Hokkaido Island is one of the regions whose parasite
fauna of freshwater fishes has been well studied in Japan
(Nagasawa et al. 1989; Nagasawa 1994; Nagasawa and
Urawa 2017: table 1). However, the finding of S. edward-
sii in this study indicates that previous works were insuffi-
cient and further research is necessary to clarify the parasite
fauna of freshwater fishes of Hokkaido Island. The parasite
fauna of wild southern Asian Dolly Varden from this island
remains poorly known, being composed of nematodes—
Pseudocapillaria  (Ichthyocapillaria) salvelini (Polyanski,
1952) (as Capillaria sp.), Salmonema ephemeridarum (von
Linstow, 1872) (as Cystidicoloides ephemeridarum), Rhabdo-
chona oncorhynchi (Fujita, 1921), and Rhabdochona sp. (Seki
1975; Tto et al. 1987)—and a leech Taimenobdella amurensis
(Epshtein, 1964) (Katahira et al. 2017). Another subspecies
of Dolly Varden, Miyabe charr, Salvelinus malma miyabei
Oshima, 1938, also occurs on Hokkaido Island and is en-
demic to Lake Shikaribetsu (Maekawa 1984; Dunham et al.
2008: 539). The known parasite fauna of Miyabe charr from
the lake consists of trematodes—Crepidostomum metoecus
(Braun, 1900) and Crepidostomum sp.—and nematodes—P.
salvelini (as Capillaria sp.), S. ephemeridarum [as Metabro-
nema salvelini (Fujita, 1920)], and Cucullanus sp.—(Seki
1975).

The attachment sites of S. edwardsii on host fish have
been reported to be the fins, gills, and branchial (as gill)
chamber (Kabata 1969), and Black (1982) observed that
the species more frequently used the gills than the fins and
opercula with an increase in length of brook trout in Ontar-
io, Canada. Based on a recent observation using brook trout
in North Carolina, U.S.A., the species infected mainly the
gills but rarely the gill arches, buccal cavity, and fins (Ruiz et



The fish parasite Salmincola edwardsii from Hokkaido 201

al. 2017). However, in Ennerdale Water, U.K., it was found
only on the fins of Arctic char, Salvelinus alpinus (Linnaeus,
1758) (Fryer 1981). In the present study, S. edwardsii was
most frequently found in the branchial chamber, but the
specimens on the gills and the operculum were not common
(Table 1). The results of these studies indicate that the major
attachment site of the species may be different between host
species and between locations, and further research is need-
ed on the attachment sites of S. edwardsii.

The gill filaments of brook trout infected by S. edwardsii
have been reported to manifest clubbing and crypting and
to develop a bulbous swelling at an insertion site of the bulla
(Ruiz et al. 2017). A similar bulbous swelling was observed
in the infected gill filament of southern Asian Dolly Varden
in this study (Fig. 2). The copepod is also known to reduce
the resistance of brook trout to high water temperature
(Vaughan and Coble 1975).

In North America, S. edwardsii has been studied for its
taxonomy and morphology (Wilson 1915; Fasten 1920; Ka-
bata 1969; Ruiz et al. 2017), attachment sites (Black 1982),
reproduction (Fasten 1914), hatching, larval development
and growth (Fasten 1920; Poulin et al. 1990a; Conley and
Curtis 1993, 1994), larval ecology (Fasten 1913; Poulin
et al. 1990b, 1991a, b), occurrence on wild hosts (Black et
al. 1983; Bertrand et al. 2008; Mitro 2016; Mitro and Grif-
fin 2018; White et al. 2020) and hatchery hosts (Hare and
Frantsi 1974; Duston and Cusack 2002), impact on host
(Vaughan and Coble 1975; Ruiz et al. 2017), and treatment
(Duston and Cusack 2002). In contrast, much remains un-
studied about the biology of S. edwardsii in East Asia: the
species was examined only in taxonomic and faunal re-
search in the Russian Far East (Markewitsch 1937, 1956;
Gussev 1962, 1987; Pugachev 1984; Shedko and Shedko
2002; Shedko et al. 2005; Sokolov et al. 2012; Busarova et al.
2017) and Japan (Shedko and Shedko 2002; this paper). We
need to study various aspects of the biology of S. edwardsii
in East Asia.
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