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ABSTRACT 

Examination of 295 steelhead trout caught by Japanese research 
vessels in the North Pacific Ocean in 1983 yielded 30 species of 
parasites, equally divided between species of freshwater and marine 
origin. Two freshwater species, the trematodes Plagioporus shawi and 
Nanophyetus salmincola (metacercarial stage), are unique to the U.S. 
Pacific Northwest region of North America. Using the presence of these 
two parasites, 40 (13.6%) of the sampled fish were identified as 
originating from this geographic area. They occurred in samples from the 
northern Gulf of Alaska (in July) and from the central and western 
Pacific Ocean from May through July as far west as 167°2l'E, between 
42°44'N and 47°10'N. Based on size, most of these fish appeared to be 
maturing. Females predominated among the 40 fish, with their ocean 
distribution being a little broader than that of the males. The ocean 
range of North American steelhead as determined by parasite indicators is 
similar to that determined from data on tag recoveries and gene frequency 
analysis. 
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The steelhead trout or sea-run (anadromous) rainbow trout, 
Salmo gairdneri Richardson, is widely distributed in Pacific drainages of 
North America from central or northern California to the south side of 
the Alaska Peninsula (Sutherland 1973). On the Asian side of the 
Pacific, there occurs a similar species, Salmo mykiss Walbaum, known in 
the vernacular as the Kamchatka trout. The anadromous form of this trout 
is almost entirely restricted to rivers on the west coast of the 
Kamchatka Peninsula, u.s.s.R. (Shmidt 1950; Savvaitova 1975). It occurs 
rarely in some rivers on the east coast of Kamchatka south of the 
Kamchatka River and in at least two rivers on the northern Okhotsk Sea 
coast (Berg 1948; Kaganovsky 1949; Shmidt 1950; Savvaitova 1975). A 
single specimen was collected a few km south of the mouth of the Amur 
River (Berg 1948; Kaganovsky 1949), leading Okazaki (1983) to include 
this area in the endemic range of anadromous S. mykiss. Berg (1948) 
stated that this fish may also occur on the Komandorski Islands but 
Savvaitova (1975) did not include these islands within the geographic 
range of anadromous ~- mykiss. 

The relationship of the steelhead and Kamchatka trouts (i.e., 
whether they really constitute separate species) is controversial and 
they are difficult to distinguish in the field. Because of this 
difficulty, all specimens taken on the high seas by Japanese research or 
commercial salmon fishing vessels are designated as "steelhead" (Okazaki 
1983). 

In recent years it has been recognized that the spring and 
summer ocean distribution of steelhead trout (including its Asian 
counterpart) extends across the North Pacific Ocean north of about 39°N 
latitude, with a seasonal (from April through September) northward shift 
of the southern boundary (Sutherland 1973; Machidori and Ito 1975; 
Okazaki 1983). 

The continent of origin of steelhead caught on the high seas 
has become a matter of concern to the International North Pacific 
Fisheries Commission (INPFC). Among the approaches taken to obtain 
information pertaining to this question is a study, initiated in 1983, to 
explore the potential of using naturally occurring parasites as 
biological "tags" or indicators for identifying the freshwater areas of 
origin of steelhead. 

The fact that naturally occurring parasites may be used for 
stock identification and delineation of the ocean distribution of 
anadromous salmonid fishes has been recognized for more than twenty-five 
years (INPFC 1956-1961; Margolis 1963, 1965, 1982; Konovalov 1971; 
MacKenzie 1983). Indeed, parasitological studies (Margolis 1963) 
conducted under the auspices of INPFC contributed significantly to our 
knowledge of the high-seas distribution of certain sockeye salmon 
(Oncorhynchus nerka (Walbaum)) stocks. Thus, there was optimism that 
similar information about steelhead trout might be derived from some of 
its parasites. 
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To ensure the usefulness of a parasite as a natural "tag'' for 
delineating the ocean distribution of anadromous salmonids, at least 
three conditions must be met: 

1. The parasite must be present in one stock or group of 
stocks and absent or rare in others from which it is to be 
distinguished, or it must occur in markedly different 
numbers in the stocks to be distinguished. 
2. Exposure to the parasite and its acquisition must occur 
within a limited area and time before the stocks become 
mixed during the oceanic life of the fish. Thus, parasites 
of freshwater origin are particularly good tags for 
anadromous salmonids. 
3. The parasite must have a long life span, preferably as 
long as that of its fish host, or at least as long as that 
period of the host's life over which observations on the 
stock are being made; and 
4. The parasite must have a neglible effect on survival 
and behaviour of the fish if the parasite is to be used to 
estimate proportions of a given stock(s) in a mixed stock 
sample. 

Materials and Methods 

As part of the co-operative research conducted under the 
auspices of INPFC, 295 steelhead trout caught by Japanese research 
vessels in the North Pacific Ocean in 1983 were made available by the 
Fisheries Agency of Japan, for parasitological study. The samples 
represented two-thirds of all (443) steelhead caught by these vessels 
(Table 1). One hundred and nineteen of the sampled fish were caught in 
early July in the Gulf of Alaska along approximately 55°N, from 155°06'W 
to 140°0l'W; and 176 fish were from central and western North Pacific 
catches made from April through July between approximately 162°E and 
166°30'W, mainly from approximately 42°N to 46°N, with a few from more 
northern waters. The central and western North Pacific samples were 
largely from the present and pre-1978 areas fished by the Japanese 
landbased fishery. 

On board the vessel, weight, length, sex, and gonad weight were 
recorded for each fish and a scale sample taken for age determination. 
The fish (most of them minus the gonads) were then placed in bags 
carrying identifying data that included location and date of catch, and 
immediately frozen. After off-loading and temporary storage in Japan, 
the steelhead were shipped in the frozen state to Nanaimo, where they 
were maintained frozen until dissected for parasitological examination. 



Table 1. List of "steelhead" caught by Japanese research vessels in 1983, number sampled for parasites, and 

number individually identified as of North American origin. 

Position Vessel Date No. caught No. sampled No. ident. 

Lat. Long. for parasites as N. American 

55°00'N 140°0l'W Oshoru maru 08-VII 4 4 1 

55°00'N 142°30'W Oshoru maru 07-VII 16 15 1 

55°00'N 145°00'W Oshoru maru 06-VII 12 12 

55°00'N 147°30 1 W Oshoru maru 05-VII 17 17 3 

55°00'N 150°00'W Oshoru maru 04-VII 18 17 2 

55°0l'N 152°30'W Oshoru maru 03-VII 12 12 2 

55°00'N 155°06'W 02-VII 42 42 4 Vl Oshoru maru 

46 ° 30' N 166°30'W Hokuho maru 12-V 1 1 0 

44°3l'N 173°29'W Riasu maru 16-V 2 2 0 

45°3l'N 173°33'W Riasu maru 19-V 1 1 1 

46°33'N 173°34'W Riasu maru 20-V 1 1 0 

45°34'N 175 o 27 I W Riasu maru 05-VII 1 1 0 

50°30'N 176°30'W Hokuho maru 14-VII 4 4 0 

45°30'N 176°30'W Hokuho maru 23-V 5 5 0 

44°28'N 176°30'W Riasu maru 04-VII 15 14 4 

45°30'N 176°30'W Hokuho maru 21-V 3 3 0 

45°3l'N 177°29'W Riasu maru 03-VII 3 3 1 



Table 1. (cont'd.) 

Position Vessel Date No. caught No. sampled No. ident. 

Lat. Long. for parasites as N. American 

49° 30 'N 177 °30'W Hokuho maru 13-VII 1 0 

47°27'N 177°32'W Iwaki maru 26-VI 1 0 

46°24'N 177 ° 34' w Iwaki maru 27-VI 2 0 

45°17'N 177°35'W Iwaki maru 28-VI 14 0 

50°28'N 177 ° 36 'w Riasu maru 09-VI 2 0 

44°34'N 177°37 'W Hokushin maru 06-VI 16 16 4 

45°35'N 177 °46 'W Hokushin maru 05-VI 7 7 l Q\ 

42°44'N l77°48'W Hokushin maru 08-VI l l l 

44°45'N 177 ° 55 'w Iwaki maru 29-VI 30 0 

44°34'N 178°28 1W Riasu maru 02-VII 10 10 l 

44°30'N 178°29'W Riasu maru 13-V l l 0 

50°30'N 178°30rw Hokuho maru 12-VII 2 2 0 

44°3l'N 178°35'W Riasu maru 12-V 1 1 0 

45°27'N 179°27'W Riasu maru 01-VII 2 1 0 

44°00'N 180° Oshoru maru 21-VI 3 3 0 

45°30'N 180° Oshoru maru 20-VI l 1 0 

46 ° 27 'N 179°50'E Oshoru maru 19-VI 3 3 1 



. . 

Table L (cont'd.) 

Position Vessel Date No. caught No. sampled No. ident. 

Lat. Long. for parasites as N. American 

44°32'N 179°26'E Riasu maru 30-VI 2 1 0 

45°29'N 178°3l'E Riasu maru 29-VI 12 11 3 

46 ° 30 IN 178 ° 30 IE Hokuho maru 28-V 1 1 0 

44°30'N 178°30'E Hokuho maru 31-V 4 4 0 

44°58'N 177 ° 39 IE Kumamoto maru 26-V 1 1 0 

43°52'N l77°34'E Kumamoto maru 27-V 2 2 l 

45°02'N 177 ° 33 'E Wakatake maru 13-V l 1 0 

44°30'N 177°33'E Riasu maru 28-VI 6 6 0 --J 

46°53'N 177°32'E Iwaki maru 06-VI 1 0 

45°00'N 177 °30 'E Wakatake maru 10-V l 1 0 

45°00'N 177 ° 30 'E Wakatake maru 05-V 1 1 0 

45°5l'N 177°28'E Iwaki maru 05-VI 2 0 

44°48'N 177 °28 'E Iwaki maru 04-VI 7 0 

42°5l'N 177°20'E Kumamoto maru 28-V 14 7 2 

45°28'N 176°30'E Riasu maru 27-VI 3 2 1 

43°23'N 176°05'E Riasu maru 27-IV 1 1 0 

44°29'N 175°36'E Riasu maru 25-VI 9 7 0 

46°12'N 172°4l'E Hokushin maru 20-VII 13 0 



' . 

Table 1. (cont'd.) 

Position Vessel Date No. caught No. sampled No. ident. 

Lat. Long. for parasites as N. American 

45°50'N 172° 40 'E Hokushin maru 21-VII 2 0 

47°10'N 172°39'E Hokushin maru 18-VII 25 9 1 

43°44'N 172°36 'E Hokushin maru 12-V 2 2 0 

44°39'N 172°35'E Hokushin maru 13-V 1 1 1 

43°10'N 172 ° 35 IE Hokushin maru 11-V 4 4 1 

44°23'N 172°32'E Hokushin maru 22-VII 8 0 

42°39'N 172 ° 28 IE Hokushin maru 10-V 2 2 0 

46°00'N 172°20'E Hokushin maru 25-VII 4 0 00 

43°47 'N 172°04 'E Hokushin maru 24-VII 4 0 

44°57'N 169°42'E Wakatake maru 22-V 1 1 0 

46°58'N 167°58'E Hokushin maru 26-VII 2 0 

41°54'N 167°35'E Kumamoto maru 26-IV 2 1 0 

42°Sl'N 167°32'E Hokushin maru 01-VII 3 3 1 

46°37'N 167°29'E Hokushin maru 06-VII 1 1 0 

45°27 'N 167°29'E Hokushin maru OS-VII 11 11 0 

44°49'N 167°28'E Hokushin maru 04-VII 1 1 0 

47°53'N 167°27'E Hokushin maru 07-VII 2 2 0 

43°53'N 167°26'E Hokushin maru 02-VII 4 4 1 

47°26 'N 167°25'E Hokushin maru 27-VII 2 0 



' . .. 

Table 1. (cont'd.) 

Position Vessel Date No. caught No. sampled No. ident. 

Lat. Long. for parasites as N. American 

43°54'N 167°2l'E Hokushin maru 03-VII 1 1 1 

45°48'N 167°14'E Hokushin maru 28-VII 18 0 

43°07 'N 165°25'E Hokushin maru 30-VI 3 3 0 

44°42'N 162°26'E Kumamoto maru 29-VI 2 0 

42°12'N 162°20'E Iwaki maru 16-V 2 2 0 

41°57'N 162°06'E Iwaki maru 17-V 1 1 0 
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When thawed, each fish was again weighed, measured, and sexed, 
and a scale and fin ray sample taken before being subjected to a thorough 
examination for both protozoan and metazoan parasites. Organs, tissues, 
and body sites examined by standard methods included: body surface, 
fins, nasal cavities (some fish only), inner surface of opercula, 
branchial cavities, eyes, brain and spinal cord, heart, swimbladder, 
urinary bladder, kidney, gall bladder, body cavity, mesenteries, liver, 
spleen, stomach, caeca, intestine, and body musculature. Some sites and 
tissues (body surface, mouth, branchial cavity, opercula, body cavity, 
body musculature) were examined with the naked eye for macroparasites 
only. Certain sites, organs, and tissues (fins, eyes, gastrointestinal 
tract, heart, kidney, spleen, liver, swimbladder, and gills) were 
examined using a stereoscopic microscope at magnifications of 6X to SOX. 
Smears of kidney, gall bladder, liver, spleen, and intestinal tissues or 
contents were examined with a compound microscope at 320X magnification. 
Additionally, brain and spinal cord, kidney tissue, and liver were 
subjected to pepsin-hydrochloric acid digestion followed by 
centrifugation of the digest for concentrating and detecting spores of 
Myxosporea (Myxozoa: Protozoa). Representative samples of the various 
parasites encountered were preserved in 10% formalin. 

Results 

Parasite fauna 

Thirty species of parasites were recovered from the steelhead. 
They were divided equally between species acquired in fresh water and 
those acquired at sea (Table 2). The distribution of the 30 species 
among the major taxonomic categories is: Myxosporea (Myxozoa: Protozoa) 
-5; Trematoda (Digenea) -10; Cestoda -5; Nematoda -4; Acanthocephala -3; 
Copepoda -2; Mollusca -1. 

Table 2 provides the following information for each species of 
parasite: (a) organ or site of infection, (b) life history stage, and 
(c) habitat in which it is acquired by the fish host (i.e., freshwater or 
marine). 

Of the 30 species, two (Plagioporus shawi and Nanophyetus 
salmincola metacercaria) were recognized as useful biological indicators 
of the North American (essentially Pacific Northwestern U.S.A. from 
Washington to Northern California) origin of steelhead. The basis for 
this conclusion is presented in the "Discussion'' section of this report. 
Other parasites acquired in fresh water, particularly the two species of 
Myxobolus from the brain and anterior region of the spinal cord, may 
prove to be useful for stock identification when more is known about 
their distribution in the Kamchatka and steelhead stocks from Asia and 
North America, respectively. 



- 11 -

Table 2. Parasites recovered from steelhead sampled from Japanese 
research vessel catches in the North Pacific Ocean in 1983. 

Protozoa (Myxozoa: Myxosporea) 

Myxidium minteri - kidney (FW)* 
Myxidium sp. - gall bladder (FW) 
Myxobolus kisutchi**- brain and anterior spinal cord (FW) 
Myxobolus neurobius**- brain and anterior spinal cord (FW) 
Myxobolus sp. - kidney (FW) 

Trematoda (Digenea) - adults 

Brachyphallus crenatus - stomach (M)* 
Crepidostomum farionis - intestine (FW) 
Derogenes varicus - stomach (M)* 
Hemiurus levinseni - stomach (M)* 
Lecithaster gibbosus - intestine and plyoric caeca (M) 
Plagioporus shawi - intestine (FW) 
Tubulovesicula lindbergi - stomach (M) 

Trematoda (Digenea) - metacercariae 

Nanophyetus salmincola - kidney*** (FW) 
Neascus sp. - fins (FW) 
Diplostomum spathaceum - eyes (FW) 

Cestoda - metacestode stages 

Diphyllobothrium sp. plerocercoid - encapsulated on viscera (FW) 
Diphyllobothrium sp. plerocercoid - somatic musculature (FW) 
Nybelinia surmenicola plerocercoid - viscera (FW) 
Phyllobothrium caudatum - intestine (M) 
Scolex pleuronectis - intestine (M) 

Acanthocephala 

Bolbosoma caenoforme juvenile - intestine (M) 
Echinorhynchus gadi adult - intestine (M) 
Rhadinorhynchust:richiuri adult - intestine (M) 
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Table 2 (cont'd.) 

Nematoda 

Anisakis simplex larvae - encapsulated on viscera and in somatic 
musculature (M) 

Hysterothylacium aduncum larvae and subadults - on viscera and in 
gastrointestinal tract (M) 

Philonema sp. immature adult - body cavity (FW) 
Pseudoterranova decipiens larvae - somatic musculature (M) 

Copepoda 

Lepeoptheirus salmonis adult - external body surfaces (M) 
Salmincola californiensis adult female - inner surface of opercula, 

branchial cavity (FW) 

Mollusca 

Glochidial larvae - gills (FW) 

* FW = acquired in fresh water 
M = acquired in the marine environment 

** The two species of Myxobolus from the brain and spinal cord are 
differentiated on the basis of spore size and shape. The larger, 
pyriform spores were identified as M. neurobius and the smaller, more 
globular spores were assigned to M.-kisutchi. Mixed infections were not 
found. The status of these species and a third, M. arcticus, reported 
from the brain and spinal cord of salmonids from the Soviet Far East 
requires further study. 

*** The metacercariae of N. salmincola are found in many sites within 
the fish host, but they are most abundant within the kidney. This was 
the only organ specifically searched for this parasite. 
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Ocean distribution of North American steelhead identified by parasites 

Of the 295 steelhead examined, 40 (13.6%) were individually 
identified as having originated in North America from Washington to 
northern California because they harboured either or both of.!:· shawi and 
N. salmincola. The distribution of these specifically identified North 
American steelhead extended from 140°0l'W (at 55°N) in the Gulf of Alaska 
to 167°21'E (at 43°54'N) in the western North Pacific (Table 3, Fig. 1). 

Among these fish, the three taken furthest to the west (near 
167°E) were caught in early July and 2 of 3 taken at approximately 
172°30'E were caught as early as the second week of May. Other steelhead 
of North American origin were caught in May, June, and July between 
176°30'E and 173°33'W. These results demonstrate that North American 
steelhead are widely distributed over a broad area of the North Pacific 
at least from early May to early July. All North American steelhead 
identified from the Gulf of Alaska (eastward from approximately 155°W) 
were caught in early July, the only period during which research vessel 
operations were conducted in this region in 1983. 

The unavailability of age data and gonad weights (except for 
the Gulf of Alaska samples) at the time of writing this report precludes 
commenting on the relationship of either marine or freshwater age, and 
stage of maturity, to the ocean distribution of the individually 
identified North American steelhead. However, based on lengths and 
weights (Table 3), it appears that many, if not most, of these steelhead 
were in their final year at sea, including those taken far to the west. 

Interestingly the sex ratio in the identified fish was 2.33:1 
in favour of females compared to a female to male ratio of 1.59:1 in all 
samples examined (the ratio was identical for samples from the Gulf of 
Alaska and from the central and western North Pacific Ocean). The 
significance of this difference in sex ratios is not apparent. Although 
males were far fewer than females among the 40 steelhead identified as 
North American in origin, they exhibited almost as broad an ocean 
distribution as the females (Table 3). 

Discussion 

Plagioporus shawi, an intestinal trematode of salmonids, has 
been found only in the Washington to California (including Idaho) region 
of the U.S.A. (Margolis 1972, 1982; Jennings and Hendrickson 1982). 
Extensive studies of parasites of salmonids in North America and Asia 
have not revealed its presence outside this region. It is clearly a 
parasite acquired in fresh water (Margolis 1972; Schell 1975) and its 
occurrence in ocean-caught salmonids of 1 and 2 years ocean residence 
demonstrates it has a long life span, surviving the host's transition to 



Table 3. Distribution of steelhead from Japanese research vessel catches in 1983 identified by 

parasites as of North American origin. 

Locality of capture Date of Biological data Identifying 

Lat. Long. capture sex length(mm) weight(gm) earasites* 

55°00'N 140°0l'W 08-VII F 295 287 N 

55°00'N 142°30'W 07-VII F 305 321 N 

55°00'N 147°30'W 05-VII F 510 1417 N 

55°00'N 147 o 30 I W 05-VII M 592 2073 p 

55°00'N 147°30'W 05-VII F 705 3293 N 

55°00'N 150°00'W 04-VII F 555 2011 p 

55°00'N 150°00'W 04-VII F 735 3819 N 

55°0l'N 152°30'W 03-VII M 305 280 N 

55°0l'N 152°30'W 03-VII F 660 2568 N 

55°00'N 155°06 'W 02-VII M 635 2295 N 

55°00'N 155°06'W 02-VII F 775 3326 N 

55°00'N 155°06 'W 02-VII F 705 3844 N 

55°00'N 155°06'W 02-VII M 715 2770 N 

45°3l'N 173°33'w 19-V F 662 3699 N 

44°28'W 176°30'W 04-VII F 570 1838 N + p 

44°28'W 176°30'W 04-VII F 555 1558 N 

..... 
+" 



Table 3 (cont'd.) 

Locality of capture Date of Biological data Identifyin~ 

Lat. Long. capture sex length(mm) weight(gm) Earasites* 

44°28'N 176°30'W 04-VII M 543 1655 N + p 

44°28'N 176°30'W 04-VII F 535 1675 N 

45°3l'N 177°29'W 03-VII M 615 2363 p 

44°34'N l77°37'W 06-VI F 708 3147 N + p 

44°34'N 177 a 37 I W 06-VI M 551 1659 N 

44°34'N 177°37'W 06-VI F 655 2238 N 

44°34'N 177°37 'W 06-VI F 723 3426 N + p J--' 

V1 

45°35'N 177°46 'W 05-VI F 740 4010 N 

42°44'N 177 °48 'W 08-VI F 620 2488 p 

44°34'N 178°28'W 02-VII M 545 1441 N 

46°27 'N 179°50'E 19-VI M 766 4485 N 

45°29'N 178°3l'E 29-VI F 655 2835 N 

45°29'N 178°3l'E 29-VI M 560 1808 p 

45°29'N 178°3l'E 29-VI F 690 3370 N 

43°52'N 177 ° 34 1 E 27-V F 685 3153 p 

42°Sl'N 177°20'E 28-V F 620 2245 p 

42°5l'N 177 ° 20 1 E 28-V M 525 1463 p 



' . 

Table 3 (cont'd.) 

Locality of capture Date of Biological data Identifying 

Lat. Long. capture sex length(mm) weight(gm) parasites 

45°28'N 176 °30 'E 27-VI F 532 1783 N 

47°10'N 172°39'E 18-VII F 710 4223 N 

44°39'N 172 ° 35 IE 13-V M 670 2713 N 

43°10'N 172°35'E 11-V F 721 3643 N 

42°5l'N 167°32'E 01-VII F 715 3988 N 

43°53'N 167°26'E 02-VII F 600 2196 p 

...... 
43°54'N 167°2l'E 03-VII F 640 2620 p Q\ 

* N = Nanophyetus salmincola metacercaria 

P = Plagioporus shawi 
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salt water. In addition to our recovery of this parasite from 
ocean-caught steelhead, Olson (1978) found it in 3-year old maturing coho 
taken off the coast of Oregon. 

The life cycle of!· shawi involves three hosts: early larval 
development in the snail Fluminicola (=Lithoglyphus) virens (the first 
intermediate host); subsequent development to the metacercarial stage in 
various arthropods; e.g. stonefly and mayfly nymphs (the second 
intermediate host); and development to the sexually mature stage in the 
intestine of a number of salmonid species (the final or definitive host) 
(Schell 1975). Because most trematodes are highly specific for their 
molluscan hosts (with very few exceptions, the first host in trematode 
life cycles), the occurrence of!· shawi in steelhead is limited to 
watersheds in which steelhead and F. virens co-exist, namely rivers in 
the u.s. Pacific Northwest, including the Columbia River basin. 

Plagioporus shawi, therefore, possesses the essential 
biological characteristics described earlier for a parasite to be useful 
as an indicator of the ocean distribution of specific stocks of 
salmonids, namely, (a) a restricted freshwater area of distribution, (b) 
a freshwater life cycle, precluding inter-host transmission at sea, and 
(c) a long life span that includes survival during the marine life of its 
salmonid host. 

Nanophyetus salmincola is believed to exist as two separate 
subspecies. One, N. salmincola salmincola, occurs in the U.S. Pacific 
Northwest (Washington to northern California) (Milleman and Knapp 1970) 
and the other, N. salmincola schikhobalowi, occurs in the Far-eastern 
u.s.s.R. in parts of the Amur River system from Khabarovsk to the mouth 
of the river (Filimonova 1966; Dvoryadkin 1976) and in some rivers of 
the Primore region (Mishakov 1972). These subspecies are difficult, if 
not impossible, to distinguish morphologically, but differ somewhat in 
biological characteristics. 

The life cycles of the two subspecies of Nanophyetus involve a 
snail of the genus Juga as the first intermediate host; certain 
stream-dwelling fishes, particularly salmonids, as the second 
intermediate host; and various piscivorous birds and mammals as the 
definitive host (Milleman and Knapp 1970; Dvoryadkin 1976; Malek 1980). 

For_!'!· salmincola salmincola, the snail host is Juga plicifera 
(syn. Oxytrema silicula, Goniobasis silicula, Goniobasis plicifera 
silicula), which is confined to the coastal region west of the Cascade 
mountains from northern California to Olympia, Washington (Milleman and 
Knapp 1970; Malek 1980; Diamond 1982). Clarke (1981) noted that this 
snail species possibly occurs in southern British Columbia, but this 
northern limit for its distribution requires substantiation. It is the 
distributional range of I· plicifera, which apparently is specific for 
N. salmincola salmincola, that governs the limits of the area in which 
steelhead and other fishes may become infected with metacercariae of this 
trematode (Millemann and Knapp 1970; Malek 1980). Reports indicating 
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that the geographic range of.:!.· plicifera and~- salmincola salmincola 
reaches northward into northern coastal British Columbia and possibly 
even into Southeastern Alaska (Dvoryadkin 1976; Dau and Barrett 1980) 
seem to be without foundation and require verification. 

The principal snail host for N. salmincola schikhobalowi is 
Juga (=Semisulcospira) laevigata, with Juga (=Semisulcospira) cancellata 
playing a less important role as the first intermediate host. These 
snails occur in the lower Amur and Primore regions, where N. salmincola 
schikhobalowi has been found in 10 species of fishes (including six 
salmonids), but not on the Kamchatka Peninsula or the northern Okhotsk 
coastal region, where the parasite does not occur (Filimonova 1963, 1964, 
1965, 1966; Mishakov 1972; Dvoryadkin 1976). 

Because the freshwater distribution of the anadromous Kamchatka 
trout appears to be entirely outside the enzootic area of N. salmincola 
schikhobalowi, this trout species is not infected with this parasite. 
The lone specimen of Kamchatka trout captured south of the mouth of the 
Amur River (Kaganovsky 1949) may not necessarily have been destined for 
one of the rivers in this region. There appear to be no reports 
documenting the occurrence of the Kamchatka trout in the Amur River and 
its tributaries or in the rivers of the Primore coast. Indeed, major 
fish parasite studies conducted in this area by Soviet scientists do not 
include the Kamchatka trout among the many fishes investigated. 

The life span of N. salmincola metacercariae in the salmonid 
intermediate host is known to exceed 33 months (Millemann and Knapp 
1970). Jennings and Hendrickson (1982) concluded that N. salmincola 
metacercariae survive throughout the life cycle of the fish host. The 
present finding of these metacercariae in ocean-caught steelhead is in 
keeping with its long life span. 

As with P. shawi, N. salmincola metacercariae thus display the 
characteristics essential for a parasite· to serve as a biological 
indicator of the ocean distribution of anadromous salmonids. 

Based on the foregoing discussion on the freshwater 
distribution of P. shawi and N. salmincola in relation to the freshwater 
geographic range of steelhead and Kamchatka trouts, and the long life 
spans of these two trematodes in salmonid fishes, it is evident that 
their presence in "steelhead'' trout caught on the high seas of the North 
Pacific Ocean establishes the North American (specifically, the Pacific 
Northwestern U.S.A.) origin of such parasitized fish. 

The lack of detailed infection prevalence data (i.e., percent 
infected) for both trematode species in the many steelhead stocks within 
the enzootic freshwater areas of the parasites, precludes using these 
parasites, at the present time, for estimating proportions of steelhead 
of Pacific Northwestern U.S.A. origin in high-seas samples. 
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The results of our study agree with those obtained from tagging 
and gene frequency analysis. Recoveries near spawning areas of steelhead 
tagged on the high seas and high-seas recoveries of fish tagged as 
juveniles before seaward migration indicate a westward distribution of 
North American steelhead, especially those from the Pacific Northwestern 
U.S.A., to approximately 167°E in the North Pacific Ocean (INPFC 
unpublished data). The genetic study indicated the occurrence of North 
American steelhead as far west as 160°E-170°E (Okazaki 1982). 
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