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locality in Hokkaido and 29 high-seas positions. Some of the coastal samples 
were taken after the fish had returned to fresh water and the Fraser River sumple 
consisted of spavmed-out fish. This sample perhaps deserves some special 
mention. The Fraser River does not support an "even year" run of pinks and an 
experimental attempt to transplant eggs from the Skeena to the Fraser River to 
establish an even year run is in progress. The sample of pinks from Jones 
Creek~ Fraser River, is the result of this transplant and hence does not repre
sent a normal Fraser River run. The high-seas samples were basically distri
buted as the sockeyes, but the coverage was not as complete. A lack of adequate 
samples between 1600 W. and 1800 at about 50° N. latitude is particularly 
noticeable. In the Bering Sea, small samples only were taken at 170° W. and 
180°. 

The high-seas pinks were caught mainly in June and July with a few 
samples taken in May and August. Coastal pinks were collected mainly in July 
and August with a few in September and early October. 

As in the previous year, where pOSSible, the sample size of each species 
from each locality was set at 25. 

The localities from which sockeye"smolts, sockeye adults, pink juveniles 
and pink adults were sampled, with the dates of capture and the number of fish 
from each locality, are listed in Tables I, II, IV and V, respectively. The 
distributions of the sockeye and pink adult samples are also shown on charts in 
Figures 1 and 3, respectively. In the analysis of the parasite data, where 
sample size was small p adjacent samples from the same line of longitude were 
grouped together, usually resulting in a sample of 25 fish. 

3. Organs examined for paraSites 

The examination for paraSites was generally restricted to the stomach, 
intestines, muscle and body cavity, since the 1955 samples indicated that the 
bulk of the parasite species encountered and particularly those species which 
are of potential value in distinguishing North American from Asiatic stocks of 
salmon, are located in these organs or body regions. In sockeye smolts, the 
eyes, gills and swim bladder were also examined for general interest rather 
than because of any potential value in distinguishing stocks. However, the 
presence of Diplostomulum Spa larva (Trematoda) in the eyes of 1956 smolts now 
suggests that this paraSite may be of value in recognizing certain central or 
we tern Alaskan, particularly Bristol Bay, stocks of sockeyes. Unfortunately, 
it appears that the decision to eliminate the eyes from examination of adult 
sockeyes in 1956 may have been based on insufficient evidence because of 
inadequate sampling in 1955. At any rate it is proposed to examine eyes in the 
1957 samples. The distribution of Diplostomulum in the 1956 sockeye smolt 
samples is shown in Table I. 
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4. Parasites encountered 

As in the 1955 samples p 45 parasite species were recognized in the two 
species of salmon p although not all of these have been identified beyond the 
generic level. In addition p there were several unidentifiable rare forms which 
probably bring the total number of species to at least 50. The poor condition 
of some specimens prevents their identification beyond the genus or even family 
in some cases . other species have not been specifically or generically identi
fied because of the lack of time required for the exacting morphological and 
literature studies necessary for positive identification. Of the 45 species, 
one is a monogenetic trematode» fourteen are digenetic trematodes, te~ are 
cestodes p seven are acanthocephalans p nine are nematodes» three are copepods 
and one is a protozoan. The distributi.on of parasites within the major taxo
nomic categories is similar in the 1955 and 1956 samples, but there are some 
minor differences between the species encountered. 

Forty-two species were identified from sockeye salmon of which 32 were 
found in adults or high=seas-caught salmon and fifteen were found in smolts. 
Of the species found in sockeye smolts and hence of freshwater origin, five were 
also found in adults or high-seas-caught sockeyes. 

Twenty-nine species were found in pinks, in contrast to 27 last year. Of 
these p only three are of freshwater origin, two of which were from adult pinks 
taken after re-entry into fresh water. Seven species were identified from 
marine juveniles 9 all of which were noted in pink salmon adults. 

Tables Ip IIp III and IV list almost all the species encountered in 
sockeye smolts p sockeye adults p pink juveniles and pink adults » respectively, 
giving the incidence and intensity of infection of each of the parasites in each 
of the areas sampled. 

Of the parasites of adult sockeyes listed in Table II , the following 
species are of freshwater origin: Crepidostomum farionis, Tetracotyle sp. larva, 
Diphyllobothrium sp. larva (visceral form) , Triaenophorus crassusi Dacnitis 
truttae and Philonema oncorhynchi. Two of these , the trematodes Tetracotyle sp. 
larva and Crepidostomum farionis, were recovered from adults that had re-entered 
fresh water on their spawning migration and appear to be the result of new 
infections. The other species were found in marine-caught sockeyes, indicating 
that they survive through the life of the salmon . Dacnitis truttae is a fresh
water salmonoid parasite but was not found in any of the smolts examined» since 
it appears to be a parasite of sockeyes from Asiatic waters. It was found in 
adult sockeyesin western high-seas localities . Of the 5 species (including 
Diplostomulum) retained from smolt through to spawning adult , all but ~. truttae 
reside outside the digestive tract and hence are not affected by the environ
mental changes of the fish. It is extremely interesting that D. truttae sur-
vives as long as it does in the intestine. -

The freshwater-acquired parasites of adult pinks , listed in Table IV» 
are Tetracotyle sp. larva» Neoechinorhynchus and Philonema oncorhynchi. 
Tetracotyle and Neoechinorhynchus were recovered from pinks which had re-entered 
fresh water. 
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The 19" report contained an annotated list of all the parasites. The 
annotations dealt with location in host» abundance and distribution» taxonomy 
and stage in life history» and in some cases with notes on the general type of 
life cycle in the group. It is unnecessary to repeat this information for all 
parasites. Only those parasites which were found for the first time in 19,6 
samples or for which noteworthy differences in habitat or host were uncovered, 
will be mentioned. 

TREMATODA 

Bucephalidae: Encysted metacercariae (larval stage) of a member of this 
family, probably Bucephaloides, Vias seen in 2 sockeyes in 19,6 but not at 
all in 19" samples. 

Crepidostomum farionis: This freshwater trematode, a common intestinal para
side of salmonoid fishes» was not seen in 19" samples. In 19,6 sockeye 
smolts, a single specimen was recovered from each of 2 smolts, one from 
the Skeena River p British Columbia and the other from the Naknek River p 

Bristol Bay. A spawned-out sockeye from the Issaquah River» Puget Sound p 

Washington yielded almost 400 specimens. It appears that this infection 
was acquired after the sockeye returned to fresh water thus indicating 
that some salmon probably feed to some extent after leaving the sea. The 
second intermediate hosts of Crepidostomum are aquatic arthropods p particu
larly mayfly nymphs. 

Allocreadioids: Several mature specimens of unidentified genera were 
recovered from pink salmon from several North American coastal localities. 
This super-family was not recorded from the 19" pink samples. 

Tetracotyle SPa larva: Larvae Vlere encysted in mesenteriesafone mature pink 
and several mature sockeyesfrom Attu Island. These salmon were taken in 
the river p hence the infection was possibly acquired after returning to 
fresh water. Infection of fish with Tetracotyle is by direct invasion by 
the cercarial stage and does not require feeding on the part of the fish. 
This trematode was frequently seen in sockeye smolts. 

Lecithophyllum: This uncommon stomach fluke was recorded in 19" samples 
under the name Aponurus. Although our research into the problems of nomen
clature and taxonomy within this group is not yet complete, we believe 
that Lecithophyllum is probably the correct deSignation. This fluke was 
uncommon in 19,6 as in 19" sockeyes, and was also noted for the first 
time in pinks in the 19,6 samples. 

Derogenetinae: Members of this group of tematodes were found in both pinks 
and sockeyes, but never abundantly. There appears to be more than one 
genus involved. In 19" samples p it was indicated that most members of 
this sub-family were Derogenes varicus. It may be that some of these 
identifications were in error. The entire lot of material in this sub
family requires re=study. 



Genolinea anura: Two specimens were recovered from a pink salmon taken in 
the Okhotsk Sea. This is the second species of Genolinea to be recorded 
in this survey. Q. oncorhynchi was described last year from a juvenile 
pink salmon from British Columbia. 

Distoma meischeri (?): An immature specimen, identical with or very similar 
to this species p was taken once from the stomach of a pink salmon. In 
1955~ a single immature specimen was recovered from the gills of a sockeye. 
The systematic position of this trematode has not yet been determined. 

CESTODA 

Diphyllpbothrium spp.: At least three larval types of the family Diphyllo
bothriidae p which have been designated Diphyllobothrium spp. larvae, were 
encountered. The commonest form, as in 1955, was an encysted larva on the 
surface of the stomach or pyloric caeca of sockeye ~mo~ts ana adults. The 
specimens taken from adults appear to be the same as those from smolts, 
but possibly more than one species is involved from the different areas. 
Without infection experiments to determine the definitive hosts and adult 
morphology, the specific identity of these larvae cannot be stated. At 
Karluk Lake, Kodiak Island~ previous work indicates that the Kodiak bear 
is the definitive host and the species has been tentatively named 
Diphyllobothrium ursi. 

Another larval form from cysts in the muscle of pinks and sockeyes 
was much more abundant in 1956 than 1955 samples. It was recovered much 
more frequently from pinks than sockeyes . The definitive hosts of these 
larvae are probably to be found among the marine mammals, particularly 
seals and sea lions. Again it is impossible to decide on the specific 
identity or even if more than one species is represented. Indeed, 
although these muscle larvae have been referred to the genus Diphyl£~~ 
bothrium, they may well be representatives of a closely related genus, 
such as Diplogonoporus. Since pink salmon spend very little time in fresh 
water before migrating to sea it is unlikely that these muscle Diphyl~o
bothriids have a freshwater life cycle. 

A third form of Diphyllobothriid larvae was collected from the 
viscera of pink salmon. Their life history would appear to be similar to 
that of the muscle larvae. 

The larvae from the viscera of pinks and the muscle larvae are 
larger and have a differently shaped scolex than the larvae from stomach 
cysts in sockeyes and are undoubtedly different species. 

Diplocotyle olriki: The species was not specifically identified in the 1955 
samples. Morphological studies have indicated that the species is D. 
olriki. 
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ACANTHOCEPHALA 

Corynosoma strumosum: This species was found in both pinks and sockeyes from 
scattered localites. 

Corynosoma villosunl: This species parasitized pinks and sockeyes from several 
10ca11 ties. 

Corynosoma semerme: This species was found but once in a sockeye from Adak 
Island. 

Neoechinorhynchus sp.: A single specimen of this genus was taken from the 
intestine of an Attu Island pink salmon that had returned to fresh water 
for spawning. It may be different from the species N. rutili, frequently 
identified from sockeye smolts. 

f-lEMATODA 

Philonema oncorhynchi: This nematode, with a freshwater life history is very 
common in sockeyes. However, it is recorded for the first time from two 
pink salmon in the 1955 samples 9 indicating that pink fry may occasionally 
acquire paraSites before migrating to sea. The two infected pinks came 
from the west coast of Vancouver Island and Yakutat, Alaska. 

5. Recognition of Asiatic and North American stocks of 
salmon on the high seas 

A. Sockeye salmon. 

In sockeye salmon, there are four parasites acquired in the sea and two 
parasites acquired by smolts in fresh water that appear to be of considerable 
value in tracing the continental origin of high-seas stocks. In analyzing the 
distribution of marine-acquired parasites in high-seas-caught sockeyes, three 
species were found to be more or less restricted to either eastern or western 
samples. A fourth species, although present in almost every fish, showed a 
much higher intenSity in western than eastern samples. Furthermore , these 
paraSite characteristics of eastern high-seas samples are similar to North 
l~erican coastal samples. Of the two paraSites acquired in fresh water, one 
is indicative of certain Bristol Bay stocks and the other appears to represent 
Kamchatka stocks. Both paraSites were observed in high-seas samples. 

(i) Parasites acquired in the sea 

(a) Hemiurus levinseni. This stomach trematode was found in the five 
samples from 1710 E. longitude to the Sea of Okhotsk in percentages varying 
from 41. to 601. of the samples. It vms absent from six Bering Sea samples 
between 1650 W. and 1800 and eight high-seas samples between 1720 E. and 
1550 w. It was present in 41. of the samples at 1450 W. and 1500 W., but absent 
at 1400 w. In coastal sockeyes, it was present only in the adjacent areas of 
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Petersburg p southeast Alaska and the Skeena River, British Columbia in 81- of 
the samples,and in 41- of the Kuskokwim, Alaska sample. Relating the distri
bution of Hemiurus in high-seas-caught sockeyes to that in coastal sockeyes, it 
is suggested that the presence of Hemiurus at 1450 W. and 1,00 Wo indicates an 
origin (at least of some of these fish) from the Petersburg-Skeena River area. 
Absence of Hemiurus at 1400 W. can be related to more southerly North American 
stocks of sockeyes. The complete absence of Hemiurus in all high-seas samples 
in the eastern Bering Sea and between 1720 E. and 1,,0 W. parallels the absence 
of this parasite in Alaska areas north and west of Petersburg, except for the 
single occurrence in one fish at Kuskokwim. The consistent appearance of 
Hemiurus in high-seas samples between 1710 ~. and the Okhotsk Sea cannot be 
related to any group of North American samples that have been examined and 
probably indicates Asiatic origin of these samples. The distribution, inci
dence and intensity of Hemiurus in sockeye samples is shown in Table II and 
graphically in F1~tr~ 1. 

(b) Tubulovesicula lindbergi, another stomach fluke, was represented in all 
high-seas samples from 1,00 w. to 17,0 E. and at 1710 E. in percentages varying 
from 41- to 331-9 but absent at 1720 E. In the Bering Sea, it was present in 
from 121- to 211- of all samples from 16,0 w. to 1800 • It was absent in samples 
from 1640 E. to the Okhotsk Sea. In coastal North American samples, it was 
present in three Bristol Bay or western Alaskan areas and in three more south
erly"areas in British Columbia and Puget Sound, in from 41- to 441- of the 
samples. Although many of the North American coastal samples did not show any 
Tubulovesicula-infected fish in 19,6, the samples from some of these areas 
displayed Tubulovesicula in 19". The presence of Tubulovesicula in the east 
Bering Sea samples and in the areas south of the Aleutians between 17,0 E. and 
1,00 W., and at 1710 E. relates these fish to North American samples. The 
sample at 1720 E. is related to those between 1640 E. and the Okhotsk Sea by 
absence of Tubulovesicula. 

The Tubulovesicula specimens from the more southerly coastal areas of 
North America were immature p whereas they were mature in all other coastal 
areas and high-seas samples. It would appear that Tubulovesicula in southern 
North American coastal areas was the result of infection upon re-entry into 
coastal waters and these fish may not be related to Tubulovesicula-infected 
sockeyes caught on the high seas. It is probably Significant that at 1400 W. 
and 14,0 W. longitude, Tubulovesicula was not found in the samples and, as will 
be noted later, these fish seem to represent stocks from southern North 
American coastal areas. 

It is significant that at 1710 E., where both Hemiurus and Tubulovesi
cula were foundp they occurred in different fish which is compatible with the 
interpretation that Hemiurus in this area indicates Asiatic origin and 
Tubulovesicula indicates North American origin. 

The distribution, incidence and intensity of Tubulovesicula in sockeyes 
is given in Table II and shown graphically in Figure 1. 

(c) Echinorhynchus Badi, an acanthocephalan parasitizing the intestines, 
was noted in from 4~ to 40~ of five of the six samples from 1720 E. to the 
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Okhotsk Sea. It was present in the sample from 1720 E. but absent at 1710 E. 
It was not seen in any high-seas samples south of the Aleutians betw6en 1750 E. 
and 1400 E. In the Bering Sea» it , occurred, usually sparingly, from 1650 W. to 
1800 , with complete absence at 1750 W.9 and in one of the two samples from 
1650 w. In North American coastal samples it was seen in one fish from Kodiak. 
The inference from high-seas distribution of this parasite is as follows: The 
absence of Echinorhynchus from 1750 E. to 1400 W. in the high seas south of the 
Aleutians suggests that these fish are stocks of North American origin. From 
172° E. to the Okhotsk Sea the occurrence of Echinorhynchus suggests a pre
dominance of Asiatic stocks. In the Bering Sea, its presence from ' 165°'W. to 
1800 implies that some of these sockeyes are of Asiatic origin or, if ot 
American origin, have been in Asiatic waters. The evidence for fish with 
Echinorhynchus, taken in the Bering Sea, to be of Asiatic origin is stronger 
than the alternative because Tubulovesicula, which is considered indicative of 
North American origin p never occurred in the same fish as Echinorhynchus 
(although in the same sample). 

The distribution p incidence and intensity of Echinorhynchus in sockeye 
samples is given in Table II and depicted graphically in Figure 1. 

(d) Anisakis sp. larva is a nematode that occurs in the muscle and body 
cavity. It is known that this paraSite is cumulative, i.e. the intensity of 
infection increases with age of the fish. Therefore, any comparison of the 
level of infection between stocks must take into account the number of years 
the fish has spent at sea. Although almost looi of all samples were infected 
with this worm 9 there were pronounced differences in the level of infection 
between samples from 1710 E. to the Okhotsk Sea and practically all samples 
taken west of 1710 E., except for the coastal sample taken at Kuskokwim, 
Alaska. The average level of infection of fish with 2+ and 3+ years at sea in 
samples between 1710 E. and the Sea of Okhotsk was greater than 21 and 28 
respectively, whereas for samples taken east of 1710 E. longitude the corres
ponding averages were less than 21 and 28 (except at Kuskokwim where the 3+ 
group was greater than 28) and frequently only one-half of these values. Also 
in the samples from 1710 E. to the Okhotsk Sea many more individual sockeye had 
more than 20 or 25 Anisakis in the 2+ and 3+ years at sea groups, respectively, 
than in the samples east of 1710 E. longitude. The data have not been sub
jected to a detailed statistical anaylsis» which is probably necessary before 
the exact significance of Anisakls levels in distinguishing Asiatic an4 North 
American stocks of salmon can be determined. At the present time, however, 
it seems that high levels of Anisakis infection are generally indicative of 
Asiatic stocks of sockeyes. Table II gives the incidence and intensity of 
Anisakis in sockeyes, irrespective of their age. Table III shows a breakdown 
of these values by number of years the fish have spent at sea. 

(ii) Parasites acquired in fresh water 

(a) Triaenophorus crassus plerocercoid larvae were found in the musculature 
of sockeye smolts and adults only in the Wood River-Nushagak River systems 
and in the Naknek River, both of which drain into Bristol Bay. It was much 
more common in the former locality. Although smolts from Asiatic areas were 
not available r the literature does not record this tapeworm (Cestoda) as a 
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parasite of sockeyes in Kamchatka p where studies on salmon parasites have 
recently been carried out. The adults of T. craSsuS are restricted to pike 
(Esox lucius) and hence T. crassus larvae can only be present in sockeyes where 
the two fishes co-inhabit the same waters. Vladimir Walters (Bull. American 
Mus. Nat. Rist., 106: 29.5-368 p 19.5.5) has written that Esox lucius "is absent 
from K~chatka and most of the drainages emptying into the Sea of Okhotsk". 
Triaenophorus crassus was found occasionally in four of the eight high-seas 
samples between 1.500 W. and 17.50 E. longitude south of the Aleutians. On the 
basis of our present knowledge it is concluded that T. crassus-infected sock
eyes on the high seas are of Bristol Bay origin. Tables I and II and Figure 2 
show the distribution, incidence and intensity of infection of sockeyes by 
T. crassus. 

(b) Dacnitis (or Bulbodacnitis) truttae is a nematode parasite of the 
intestines of salmonoid fishes. In sockeyes it was found occasionally in three 
of six samples from the Okhotsk Sea to 1720 E., south of the Aleutians, and at 
1800 and 17.50 W. in the Bering Sea. Recent literature notes the occurrence of 
D. truttae in sockeye salmon in the Kamchatka peninsula. All high-seas samples 
from 1720 E. longitude, south of the Aleutians, and from 1700 W. longitude in 
the Bering Sea, eastward to North America, and all North American coastal adult 
samples, as well as smolts from North America were free of this parasite. On 
the baSis of present knowledge it is concluded that Do truttae in high-seas 
caught sockeyes is indicative of their Asiatic origin. The life-history of 
D. truttae is unknown 9 but probably an aquatic arthropod serves as the host for 
larval stages which are infective to salmon. Table II and Figure 2 show the 
distribution, incidence and intensity of infection of sockeyes by Dacnitis. 

(iii) Summary of paraSites acquired in the sea and in fresh water 

On the 'basis of the occurrence or absence of the marine-acquired para
sites Hemiurus levinseni, Echinorhynchus gadi and Tubulovesicula lindbergi, 
and the intensity of infections with Anisakis, samples of sockeyes taken in 
19.56 on the high seas east of 17.50 E. longitude, south of the Aleutians, 
possessed a marked relationship to North American coastal samples. Samples 
west of 1710 E. longitude appeared to be different from those taken in North 
American coastal waters and those taken east of 17.50 Eo longitude. They 
probably represent Asiatic stocks. Two samples at 1710 E. and 1720 E. longi
tude, on the basis of the above-mentioned paraSites, contain fish relating to 
samples taken both east and west of these meridians. In the east Bering Sea, 
on the other hand, !. gadi, as well as T. lindbergi, was present in samples 
between 16.50 W. and 1800 • These two parasites never occurred together in the 
same fish and if, as seems to be indicated, E. gadi in sockeyes represents 
Asiatic origin and T. lindbergi represents Nort~erican origin, then the 
Bering Sea samples between 16.50 w. and 1800 contained fish from both continents. 
Furthermore, on the baSis of two paraSites acquired in fresh water and our 
present knowledge of their freshwater distribution in sockeyes, there is support 
of the above implications. Triaenophorus crassus, indicative of certain Bristol 
Bay stocks was found occaSionally in high-seas samples as far west as l7.5°E. 
longitude and Dacnitis, indicative of Asiatic origin of sockeyes, was noted in 
samples as far east as 172°E. longitude, south of the Aleutians and at 1800 and 
1750 W. in the Bering Sea. 
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B. Pink salmon 

No one species of parasite was found whose distribution permitted the 
division of high-seas samples into two groups, an eastern and a western as was 
indicated for sockeyes. Nor was there a regular gradation in the incidence of 
certain parasites in an east-west or west-east direction which was apparent in 
1955 pink samples. Nevertheless» there were marked discontinuities in the 
distribution or abundance of certain parasites acquired in the sea which indi
cate basically three groups of high-seas samples which can be related to coastal 
samples. The border between these groups is not sharpp but rather the groups 
merge with one another. The parasites which best illustrate these divisions are 
Hemiurus, Bolbosoma and Contracaecum. The distribution p incidence and intensity 
of infection of pink salmon by these parasites is shown in Table V and graphi
cally in Figure 3. 

(~) Hemiurus levinseni occurred in high-seas samples from 1400 W. to 1320 W. 
in from 7~ to 10~ of the samples, and from the Okhotsk Sea to 1780 W. in from 
1010 to 8810 of the samples. From 1750 w. to 1450 Wo and in the Bering Sea at 
1700 W. and 180°, Hemiurus was absent. In coastal samples it was represented in 
from 81. to 481- of the samples from southeast Alaska to southern British Columbia, 
in 321- of the samples from Hokkaido p and in 410 of the Unalaska and Attu samples. 
It was absent from central and western Alaskan samples. 

(b) Bolbosoma g a post-larval acanthocephalan parasitizing the intestines was 
present in less than 251- of the samples from 1400 W. to 1320 W. longitude, and 
in the North American coastal samples from south of Ketchikan» Alaska. In 
central and western Alaskan and the Aleutian samples p the incidence was about 
50j. to 751- in each sample» which coincides generally with the occurrence in high
seas samples from 1450 W. to 1650 W. and in the eastern Bering Sea at 1700 w. 
and 1800 • At Hokkaido and from 1750 E. to the Okhotsk Sea p the incidence varied 
from 321- to 641-. 

(c) Contracaecum sp. (spp.): A high incidence, between approximately 50j. and 
1001-, characterized samples taken in North American coastal waters and generally 
in high-seas samples from 1750 E. to the east and in the Bering Sea at 1800 and 
1700 W. The incidence of Contracaecum in samples from west of 17,0 E. longi
tude on the high seas and at Hokkaido was about 2510. Not only was the incidence 
higher in the eastern coastal and high-seas samples, but the intensity of the 
infections was greater. 

The following three groups of samples have been recognized mainly from 
a consideration of the simultaneous occurrence of Hemiurus, Bolbosoma and 
Contracaecum. 

(1) ASiatic group. This group includes the samples from Hokkaido 
and from the Okhotsk Sea to 1750 E. longitude at approximately 500 N. 
latitude. It integrates between 1700 E. and 17,0 E. with group (3) and 
is characterised by the prominence of Hemiurus and Bolbosoma, with a 
low incidence and intensity of Contracaecum (except at Attu and 17,0 E. 
longitude). 



- 11 -

(2) Southern North American groupo This group includes coastal 
samples from southeast Alaska southward and high-seas samples to 1400 Wo 
It is characterised by the prominence of Contracaecum p the occurrence of 
Hemiurus and the low incidence or absence of Bolbosomao Another stomach 
trematode, Parahemiurus, was found only in this group p both in high~ 
seas and coastal sampleso From south to northwest in this group there 
is an increase in Bolbosoma p providing a transition to group (3}0 

i 

(3) Central and Western Alaskan groupo This group includes coastal 
samples from central and western Alaska and high=seas samples between 
1450 Wo and 16,0 W. longitude at latitudes north of 500 No, and the 
Bering Sea samples at 1800 and 1700 Wo The dominant features of this 
large group of samples are the almost complete absence of Hemiurus (it 
occurred in one fish at Unalaska) and the prominence of Contracaecum 
and Bolbosomao As noted above 9 this group shows an overlap with the 
Asiatic group between 1700 Eo and 1750 Eo longitude in that Hemiurus of 
the Asiatic group is present, along with the high levels of Contracaecum 
infection of the eastern groups in the samples at 1750 Eo and at Attu. 

A small group of samples taken between 1650 Wo and 1800 at latitudes 
south of 500 N. (mainly between 42 0 No and 460 No) did not possess the combina
tions of parasites of any of the above groups, mainly because of a lack of 
Bolbosomao Two samples taken between 178 0 Wo and 1800 show the Hemiurus 
characteristic of the adjacent Asiatic group, the sample at 1780 Wo showing, 
as well, high intensity with Contracaecum similar to North American groups. 
At 1750 Wo the high levels of Contracaecum infection (incidence 501-, intenSity 
2 worms per fish) indicates relationship with the North American groups. A 
sample at 1650 Wo is even more difficult to place in one of the three groups 
because of a general lack of parasites p but a common occurrence of another 
trematode p Bucephaloides, tends to show relationship with North American 
samples 0 

60 Divisions of groups of North American stocks of sockeyes 

In the previous section it has been noted that two groups of North 
American stocks of pinks are more or less recognizable on the basiS of certain 
parasites 0 Similarly, it appears that the sockeyes can be divided essentially 
into two group~ with some further breakdowns possible within these two groups. 
It has already been noted that the presence of Hemiurus levinseni at 1450 Wo 
and 1500 Wo at latitudes 540 No and 560 No is probably related to its occur
rence at Petersburg and the Skeena Rivero Its absence at 520 N. and 540 No, 
1400 Wo probably relates these samples to areas south of the Skeena River. 
The absence of Hemiurus between 1550 Wo and 1720 Eo and in the Eastern Bering 
Sea relates these samples (apparently only a part of the Bering Sea samples) 
to central and western Alaska. other paraSites which indicate a relationship 
of samples on the high seas east of 1450 W. or 1500 Wo to samples in southern 
North American areas are Anisakis, Brachyphallus crenatu8 and Diphyllobo
thrium larvae {cysts on the surface of the stomach or pyloric caeca) 0 These 
paraSites will be considered individually. Reference is made to Table II 
which gives the incidence and intensity of infection with these parasiteso 
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Anisakis sp. larvae seem to exist in North American stocl:s of salmon at 
two levels of intensity. In one group of samples the average m.:.nber of worms 
per fish is less than ten in the 2+ years at sea category and less t~an fifteen 
for the 3+ years at sea category~ whereas in the other group the corresponding 
averages are greater than ten and fifteen. One group of samples possessing 
the lower levels of infection with Anisak1s extends from southeast ~laska south
ward and between 1.500 W. and 1400 W. on the high seas. The samples froIl, 
central Alaska and from Kuskokwim and those between 15.50 W. and 1700 H. possess 
the higher levels of infection. In Bristol Bayp the Alaska Peninsula and the 
Aleutians~ the lower levels are again noticeable p as they are in the sanples 
between 1750 W. and 17.5° E. This may indicate that samples from 17.5°. W. to 
1750 E. are, in large measure~contributions from western Alaska» and those from 
1.550 VI. to 170° W. are largely representative of central Alaska. Undoubtedly, 
there is mixing of stocks on the high seas of these two groups of coastal 
a.r~as (suggested by the presence of Triaenophorus in some samples bet .... reen 1.500 
W. and 1700 \1')9 as well as a mixture in the eastern Bering Sea with some 
sockeyes apparently of Asiatic origin. 

Brachyphallus crenatus was absent from the Fraser River to the Columbia 
River samples. It waS present in about 201- of the samples from central British 
Columbia to southeast Alaska, increasing to .501- or more p generally, in the 
central and western Alaskan samples, although falling below 301- in the Alaskan 
Peninsula and the Aleutians. In high-seas samples~ Brachyphallus was absent ' 
at 1400 W. (suggesting relationship with the Fraser River and south samples), 
present in about 2510 of the samples at 14.50 W. and 1.500 W. (similar to samples 
from central British Columbia to southeast Alaska) and increasing to about 50j. 
or more in the samples west of 150 0 W. (showing again a relationship to samples 
from central and western Alaska). 

Diphyllobothrium sp. larva, a parasite acquired in fresh water, occurred 
in 731- of a sample at 1400 W. and in similar percentages of the samples from 
the Fraser River south. At 1450 W. it occurred in only 9~ of the samples. 
This low incidence parallels its absence in southeast Alaska, but also implies 
that there is a contribution in the offshore sample of stocks from central and 
northern British Columbia. West of 1500 W. longitude the incidence of Diphyllo
bothrium in high-seas samples cannot be definitely related to any coastal areas 
but rather indicates a mixture of various coastal samples. However, the sample 
from King Cove, Alaska Peninsula (which apparently was taken from a migrating 
population of fish rather than one that was destined to spawn in the vicinity 
of King Cove) was similar to the Chignik p Alaska Peninsula, sample (which was 
taken from a population destined to spawn at Chignik) in the absence of 
Diphyllobothrium. Furthermore» the entire paraSite picture in the King Cove 
sample was remarkably similar to that in the Chignik sample. 

In summary, the occurrence of Hemiurus, the incidence of Brachyphallus 
and Diphyllobothrium and the intensity of Anisakis infection indicates a 
general relationship between samples taken between 1.500 W. and 1400 W. longi
tude and .520 N. and .560 No latitude with coastal samples from southeastern 
Alaska to the Columbia River. Also, the samples from 520 N. and 540 No, 1400 
W. show strong similarities to the coastal samples from the Fraser River and 
south. The samples taken at 1450 W. and 1500 W. resemble in their paraSite 
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characteristics the samples from central British Columbia to southeastern 
Alaska. From 1550 w. to 1750 Eo the samples show affinities to those from 
central and western Alaska, There is p of course p no sharp line of demarcation 
between the various groups of samples. 

70 Comparison of parasitism in high-seas and 
coastal samples of salmon 

A comparison of the paraSite picture in coastal and high~seas samples 
of adult sockeyes and pinks v as given in Tables II and Vp indicates that 
certain paraSites are more abundant in the coastal samples. This suggests 
that certain paraSites are acquired much more readily by salmon after entering 
coastal waters from the high seas. It is important to recognize these 
features when seeking differences between eastern and western samples. Out
standing examples of parasites which fall into this category are Lecithaster 
gibbosus in sockeyes and pinks p ~bothrium and probably Tubulovesiculain pinks, 
the latter two being particularly abundant in coastal samples from the more 
southerly areas. 

8. Acquisition of marine paraSites 

Five samples of young marine pinks caught in the vicinity of the Skeena 
River estuary between July 30th and August 28th 9 1956 are summarized in Table 
II. The relatively high incidence of trematodes in these fish indicates that 
they acquire parasites of this group very shortly after going to sea, the 
incidence and in some cases the intenSity of the infections approaching that 
found in adults of the same region. However p whether these infections are 
retained through to the time the adult returns to the coastal commercial 
fishery is unknown. 

The absence, in the juvenile pinks 9 of the tapeworms and Acanthocephala 
typical of adult fish in this area suggests that these paraSites are acquired 
by pink salmon at an older age and greater size. Bolbosoma is probably 
largely acquired in the open ocean, whereas Eubothrium apparently is acquired 
mainly after the adult returns to coastal waters. Phyllobothrium is perhaps 
equally available to pinks in the high seas and as adults in coastal waters. 
The low values for nematodes in the juvenile pinks-probably indicates that 
these paraSites are available in both high-seas and coastal areas with their 
incidence and intensity increasing with age. 

Although juvenile sockeyes in their first summer at sea were not 
examined from 1956 collections 9 similar trends as outlined above were noted 
in samples of young sockeyes taken in 1955 and summarized in the 1955 report. 

9. Comparison of parasitism in pinks and sockeyes 

or the 26 parasite species acquired by sockeyes in the sea, only three 
were not recorded from pinks. These were all of rare occurrence and include 
a Bucephalid larva from the muscles, Podocotyle shawi from the intestines of 
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Columbia River sockeyes and Corynosoma semerme from Adak. Similarly, three 
parasites acquired by pinks in the sea were not encountered in sockeyes. These 
are Parahemiurus, Genolinea anura from the stomach of an Okhotsk Sea pink 
salmon and a Diphyllobothrium-type larva from the viscera. 

A number of differences in frequency or intenSity of infection are 
apparent between sockeyes and pinks. Also some parasites show different geo
graphical distributions in the two species of salmon. Such differences can be 
noted from a comparison of Tables II and V. 

Parasites which were nillre widely distributed and/or showed greater 
abundance (either incidence or intenSity) in pinks than sockeyes are as 
follows: (1) Bucephaloides, (2) Hemiurus levinseni, particularly in southern 
North American coastal areas, (3) Brachyphallus crenatus, particularly in 
coastal samples, (4) Lecithaster gibbosus, (5) Diphyllobothrium sp. larva in 
the muscle, (6) Eubothrium, (7) Phyllobothrium caudatum, (8) Echinorhynchus 
gadi in eastern coastal areas, (9) Bolbosoma, and (10) Ascarophis. 

Parasites acquired in the sea which were in greater abundance in sock
eyes than in pinks were (1) Tubulovesicula lindbergi in high-seas areas, but 
not in southern North American coastal areas, (2) Lecithophyllum, (3) Anisakis, 
(4) Terranova (or Porrocaecum), and (5) Henneguya salminicola. 

The greater overall number of species recorded from sockeyes is due to 
pinks acquiring very few parasites in fresh water. 

In general, pinks were more heavily parasitized, excluding parasites of 
freshwater origin, than sockeyes from identical localities. 

The differences in parasitism between pinks and sockeyes are similar to 
those noted in the 1955 samples and again demonstrate that interpretations 
based on the data accumulated from one species of salmon are not necessarily 
applicable to other species. 

10. Some general comparisons of 1955 data with 1956 data 

More salmon were examined from 19,6 catches than 195,. The number of 
sockeye smolts was less, although the number of areas sampled was greater. 
Last year in some areas the smolt samples consisted of ,0 fish, whereas all 
samples in 1956 consisted of 2, fish. Sockeye juveniles were not examined in 
1956, in contrast to about 100 examined in 19". The number of pink juveniles, 
about 100, was the same in both years. The total number of adult sockeyes 
examined in 1956 was 2 1/2 times the number examined in 19" and the number of 
adult pinks in 19,6 was about twice the number in 19,5. The increased number 
of adults was due largely to a more extensive distribution of high-seas 
samples p although more coastal areas were sampled as well. 

Approximately the same number of parasite species were encountered in 
both years, although some differences in the species were noted. Parasites 
recorded from 1955 samples and not in 1956 sampleR erA ~s follows~ 
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(1) Gyrodactyloides strelkowi g (2) Bacciger sp.p (3) Genolinea oncorhyncqi, and 
(4) Syncoelium katuwo p all of which are trematodes. Q. strelkowi and So katuwo 
are marine gill parasites. The cessation of gill examinations of marine-caught 
salmon in 1956 precluded the possibility of recording these parasites. The 
other two species were rare in the 1955 samples. A. Bucephalid larva, Crepid
ostumum farionis and Corynosoma semerme were rare parasites of sockeyes in 1956 
which were not recorded in 1955. Also some rare unidentified trematodes were 
recorded in one year and not the other. 

Besides the above qualitative differences that occurred between 1955 and 
1956 samples there were some differences in the quantitative aspects of certain 
parasite species, 'but no attempt has been made to test for statistical signifi
cance of the differences. Nevertheless p generallyp there was a reasonably good 
similarity in incidence and intensity of infection in the localities which were 
sampled in both years. A lower incidence and intensity of infection with 
Lecithaster in pinks and sockeyes and with Phyllobothrium and Echinorhynchus in 
pinks was noted in almost all areas in 1956. Brachyphallus was less common in 
pinks and sockeyes in North American areas in 1956 p and Bolbosoma was less 
common in western high-seas samples of pinks and sockeyes. On the other hand, 
the 1956 pink samples contained more Diphyllobothriid larvae p both in the 
muscle and the viscera. 

The paraSites acquired in the sea which apparently show continental 
origins of sockeyes were Similar in the two years. Lecithaster was considered 
a possible identification mark of eastern sockeyes in the 1955 report. It has 
since been noted that Lecithaster probably reflects differences between coastal 
and high- seas samples rather than east-west differences. The Significance of 
Anisakis was not appreciated in the 1955 samples because the sockeyes had not 
been aged. The Significance of paraSites acquired in fresh water, such as 
Triaenophorus and TIacnitisp in identifying the continental origin of individual 
fish, was not fully appreciated in 1955 because of the paucity of high-seas 
samples. 

In the 1955 report, eight parasites were selected as possibly signifi
cant in the identification of two groups of high=seas pink salmon samples 
relating to their continental origin. These were Bolbosoma p Contracaecum p 
Echinorhynchus, Bucephaloides s Tubulovesicula, Lecithaster p Derogenes and 
Eubothrium. Bolbosoma and Contracaecum were considered of prime importance, as 
again noted this year, although three groups, rather than two groups of samples 
are recognized. In addition» Hemiurus is considered of importance in 1956 
samples, and basically showed the same type of distribution in the 1955 samples 
but was not then considered in the distinction of stocks because of the prime 
concern with searching for two groups of stocks p rather than three, as con
ceived at present. Lecithaster p Derogenes g and Eubothrium~ of doubtful value 
in 1955 samples g seem to show differences which reflect coastal in contrast to 
high-seas distribution, rather than east=west differences. Bucepholoides. 
Tubulovesicula g and Echinorhynchus may still be of value, but their occurrence 
does not at present give a sufficiently clear picture to delimit groups of 
pink salmon stocks. 

In the 1955 report, no consideration was given to the possible existence 
of two groups of stocks of North American sockeyes and pinks on the high seas 
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because of the scarcity of eastern high-seas samples. However, it was noted 
that certain parasites increased or decreased in abundance from south to north 
or northwest in North American coastal samples. With the availability of the 
1956 high-seas samples, it became apparent that several of these same parasites 
could be used to recognize two groups of North American stocks on the high seas. 

Such factors as similarities or differences between parasitism in sock
eyes and pinks, time of acquisition of marine parasites, retention of freshwater
acquired parasites in sockeyes and general trends in distribution were similar 
in 1955 and 1956 samples. 
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51' " 52' N. 170· ~ 19&20-8 ·25...... 12(2) 84(121 64(15 , ... 20(2 .... 8(1) ...... 44(2) '" I ... 116(2 ' 96(10) ... 56(2 . 56() 
49. SO " 51" N. 175' W S to ,22 ... ' ... ' lS(6) 55(9) 5(2) 15(1) 20(2) 1"" ... : ... ... lS() ... 5(1) 27(2 !1OO(8) "' . 77() 60(3) 

10-8 1
• " ~ I 11 ' 

51: N. lBO' 23-S 124 ... !... 21(1) 83(7) BO(21) : ... ... SO(2) ... · ... i'" ... , 63(6) . ... : , ... ! 54(2) : 100(12) ... 1 6)(2) 96(7) 
51 K. 175' E 25-8 25 ... I'" 16(2) 64(15) 44(5) ', '" 8() 24(1) ... 4(1) ... 68(4) ... ; ... '" 4(1) ... ' ... 48(2) ', 100(11) 12(1) , 96(4) ... 84(4) 
49' )5' N. 171- 46' I 6-7 :25... ... '" ... '24(9) ...... 36(5) ... ' ... 44(5) , ... i 4(1) ... 4(1) .. . : .. , ' 16(1) 100(14) .. , 84!4l 4(1) 6O() 
51' 40' N. 170' 5R' 11 15-6 .25 ... , ... • .. ! ... , 4(1) 12() 56(13) ... 8(1) 42(7) ... ! ... 20(2) ... i ... ... 4(5) , ... 116(1) 16<4l , lOO()7! 4(1) I 84(5) 76(12) 
51" 04' N. 164' 08' I 25-7 25...... ... i .. , 16(1) ... . 32() 4(2) ... 88(3) ... , ... BO(12) ... ,16(2)... .. .... ' ... 128(1) 100(41 .. , 1 52(2) 88(27) 
51' 40' N. 159' SO' I 5-8 25...... ... , ... ' 6O()! ... 72(6) 28(7! 4(1) S(l! 76() ... 1 ... 52(7

1 
... 140(1) ... : ...... I ... i20() · lOO(2) ... , 40(21 84(l) 

51: 55' H. 154: 1)' 11 6-7 :25... ... ...... )6(1 .... 5612) 16(1 4(1) 12(1 40(2) ... i '" 88(S ... 132(2) , ... ... .. . 1 ... I 8(llI1OO(28) 4(1) I 28(2 12(2) 12(1) 76(18) 
51 49' H. 154 06' E 27-6 ,25... ... . ..... 56(4 ... 48 8) 12(1 ... 12(1 60(3) "'1 ... 76(8 4(1) : 20(1) ... : ... , .. . 1 ... 132(~ lOO()5) ... 1 )2(2 4(4) 8(7)'1 88(21) 
56' R. 165' Ii 14-8 ill ... ' 9(1) ....... .. 18(1) , 55 11) 45(126)... 9(1) '5()... "' 1100(32) ... I ... I... ... i... 9(1) 45(2 100(17) ... : 67(6) ... 91(51) 
55',%' Il 57' II. 165' W 7 to 25... . ... 12(2) ,60(1) 20(2) 24(2) '''1 ... 96(lS): ... , 4(1) 1· .. • I' "' 1'" ... ' 24(1) .100(22) ... ' 96<4) ... ! '16(17) 

9-6 , , I 1 ' 
55· N. 170' W 21-6 25... 12(1)172(12) 20() 28() "' 1 ... , 88(6) i ... 20(1)1... ... ... • .. 76(5) 100(17) 8(1) 76!4l ... /' 96(16) 
56' R. 170' W 20-6 25... • .. i 2O() 64(20 20 1 8(3) 12(1)... .. , 84(6) i ... 4(1) ' ... • .. I ... ... 68!4) 100(18) ... 80(7 ... ... 929) 
5)'-60' w. 115' V 13-7 to 26... ... , 19(2l, SO(17l 23b! 8(1) )8() ... 1 ... 42(10) ' 4(1) ... ! ... 4(2) I ... 4(1) !)8() 11OO(8) 4(1) 85(91 8(1) 4(1) 54l9) 

54' Il 55' w. lBO' ;;:.7 241'" I .. · .. ·1 .. · i 21(2) IBO(15) 8(1) 13(2), 33(2) 'J~ ... 1 3S(10)1'"1 4(1)/... ...,... ... j 8(1) 1100(7) ... i 80(9) 4(2)14(1) 80(10) 

4(6i 

I 

~ 



TABLE III. AVERAGE NUMBER OF ANISAKIS IN SOCKEYES OF DIFFERENT AGES. THE NUMBER OF SOCKEYES 
OF EACH AGE GROUP IN TEE SAMPLE IS SHOWN m PARENTHESES. 

Number of years at sea 

1+ 2+ 3+ 4+ 1+ 2+ 3+ 4+ 

Colwnbia River ... 10.0(18) 10.7(7) I .520 N. and .540 N., 1~00 -w. .5.6(9) 4 • .5(2) · .. 
Issaquah River* fish not aged I .540 N. and .560 N., 14.50 w. 4(.5) 13(12) 6(4 ) 

I 
Fraser River '7.8(18) 3(2) I .540 N. and .560 N., 1.500 VT. \6. '7 ( 6) 7.9(12) 14.8(.5) 

• • 0 

Somass River 
I ' 20.3(23) fish not aged 1.54°N.,1.5.5°W. . 1 .5(1} 1'7(1) • o. , I 

Ri vers Inlet 8.'7(3) 12.3(21} 1 530 N. and .540 No, 1600 V/o 14•3(9} 1'706(12} 24(3) 
I 

Skeena River '7.7(19) 7.,(4) •• 0 [1.520 N. and .530 N., 16,0 VI. 4.3(9) 17.6(12) 24(3) 

Ketchikan 3(3) 17.7(12} : 510 N. and .520 N., 1700 w. ! 4.2(16} , 18(8) 29(1} 
,! I . 9(1) Petersburg 5 • .5(2) 19.7(22) 11490 N. to 510 N., 1750 ' w. 7.7(19) 14(1) . -

Yakutat 6(1) 11.8 (4) 22.,(19) I .510 N., 1800 • • 0 12(24} • • 0 · .. 
8.4(12) 16 • .5( II} 

I 

Anchorage ... i 510 N., 17.50 E. · .. 11(24) I-' 
I '-D 

Karluk River 12.3(8) 23.6(17} r 490 35 9 N., 1710 46 9 E. • • 0 12.2(11) 1.5.2(13) 
I 
I 

Red River 14.8(18} 24.9(7) 1:510 ¢OV N., 1700 ,58 9 E. 38.3(10} 36 • .5(11) 40.7(3) 
I' 
I ' , 

Naknek River 10.6(7) 12 • .5(17) I .510 049 No, 1640 08 9 Eo 27.9(9} 51(11) 60.7(3} 

Egegik River 9.8(6) 12(1) 1 .510 40 9 N., 1590 ,0 9 E. 21.7(17 ) 33(6) · .. 
" Ugashik River 9.7(9) 13(2) . .510 5.5 9 N., 1540 139 E. 28.2(9} 28.7(14) • .0 

I 
I 

! 'flood 1li ver 10.0(18) 16.4(7) 1510 49 9 N., 1.540 06 9 E. · .. 28(6} 36.9(19) 

Kuskokwim I 12 (1) 19.3(3) 31.8( 20) 2.5(1} 1\ .560 N. p 16.50 W. · • .0 1.5.4(9) 1.5.3(3} 
I: .' , 

1303(.5} 2.5.0(19} Chignik fish not aged Ii 550 N. to .570 N., 1650 Vi. • • 0 13(1) 
I; 

' King Cove fish not aged 1: .550 N., 1700 w. 17.2(20) 18.4(.5) 
I:, . 

Adak 

I 
... 10.7(3) 9.1(19) Ii .560 N., 1700 w. • • 0 16.9(17} 22.3(7) 

.I 

Attu+ 2(1) 6(4) 4(1) Ii .536 N. to 600 N., 17,0 w. 1(1) 6.8(21) 14(4) 
• .0 

11 

: .540 N. and .5.50 N., 1800 3(2} 6(10) 10.5(6) · .. 
* Post~spawned fish. No scales available for age determination. 
+ Mature f1sh, taken from the lake or stream. Very few fish with scales adequate for age determination. 
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TABLE IV. rnCIDENCE.AND n?l'ENSITY OF PARASITES IN MARINE JUVENILE PTI,'." 
SALMON FROM NORl'~RN BRI':CISH COLlThlBIA 

Locality 

Lucy Islands 
'I' I It ,i 

i 30/7 I 20 11 10(1 ). 
i I ! i 

Refuge Bay ' 11
30/ 7 ! 25 11 36(1) 1 

South Finlayson Island , 1/8 ! 25 ': 4(2) 1 

Cape Chacon 11 18/8 ! 14 111 21(1) 1 
, ! I 

! i 
[ 26/8 25 ;24(2) Arniston P o i d, ,. , 

i 

4(1) 

. 0. 

TREMATODA 

I 
1 

I .0. 20(1) I 45(;) 
I 

••• 80{;) 1 72(5) 

16(1) 24(1) I 88(5) 

7 ( 2) , 36 ( 1) 1 43(3) I 
4(1) 44(2) 20(;) I 

I 

5(1) 

20(1) 

00 • 

8(1) 

NEMATODA 

10 ( 1) 

4(1) i 4(1) 

4(1) j ••• 
I 

7(1) 114 ( 1 ) 

I 24(1) '1 4
(1 ) 



TABLE V. INCIIlEIICE AND INTENSITY CF m!lJ,SITE SPECIES IN ADULT C()\STAL AND HIGH-SEkS-CAUGHT PINKS FROM LCCALITIES 
SAHPIm IN 1956. (INGIIlEliCE IS GIVEII AS THE Pi1ICENT OF IlIFECTEXl FISH CF THE TOTAL StlMPLE. IIITENSITY, THE 
l/t)fBI!RS 1ft mRENTHESES, IS THE AVBRAGE Ht):B!2I OF mRASITES _ IIIFI!CTEXl FISH.) 

TRlI4ATaIA CESTalA ACAJrl'IIooZl'llo\U IIlIMlTalA I'IIOTOZ()\ 

Location 

I , 
I 

I 

! 
i 
~ .. 
o 

I 1 • I Date Ii 

I , j , 1 ~ 

Ilillnllli
l 

II ulliH :1 !il 
I 
1 

I Li I i I III d Ii I j Ii JIll I ~ II I HI ,1 
11= 

Zonee Creek, 
FreIer R., B.C. 

Welt Coast 
Vancouver Ie, 

John.tone 
Straits, B.C. 

Rivera Inlet, 
B.C. 

Sk...".. R., B.C. 
Ketchikan, 

Alealal. 
Petersburg, 

AI .... 
Yekute.t, Alaelea 
SeI~orla., 

Cook Inlet 
Itarlu.lc. R., 

J(od1a.k Is. 
l'vichak, 

Bnotol Bay 
Y.1ng Cove, Alaaka 

3-10 161 ••• ... ,75(3} 63(3} 88(JO} 

25 • "1'" S(I} I 12(1} 32(2} 

75(79} i6(I} I... 13(1} , ••• , ••• 

68(57} I... ... . .. , ... 8(1} 28(n} 

4I2} 84(46} 

8(1) I ... 1 4(3) 56(75) 
13(1) ••• 39(4) 78(64) 

Sept. 25 ... .., 20(3} 16(1} 52(5} 88(166}, ••• , ••• 8(2} , ••• 

13-9 23 18(1} 4(I}j'" 3D(I} ... 35(2} 57(28} l00(104} •• ; 
Sept. 25 ... • .. , ••• 32(2} 18(5} 32(3} .. , 76(46)...... 

7-8 25 28(5} I ... i," 28(2} 4(1} 4O(14} 84(19} 100 (61) 4(5} "'116(3} 

4-8 24 8(2} 'I}) 1... 86(20) 90(24) ... • •• I ... 

92(113) 

16(2) 172(18) 
4(1) 63(86) 

19-7 25 4(1} /... ... 48(4} 12(1) l00(57} l00(I68}... ... i 4(1) 

11-7 25 4(1) .. , I,... 4(1) 8S(2O} 84(11} ... I... 8(I}112(2} 

22-8 25 16(9) ... ... i l00(128} l00(251}... .. .1... 4(1} ••• 6O(16} 

25-7 12 33I5} ... i... i 58(14} 25(9) ••• I ... 
20 to 1 ! i 

... ,50(4) 

4(1), ... 24-7 25 16(1} 4(1}; ••• i 88(20} l00(131} ••• • •• ,4(1} 
Unalaeb., 10· to I : 

Aleutiall8 23-8 25 28(2} .. , I... 4(1) ; 20(2} 92(31} 4(1), ... 

8(2) 

24(2} 
20(2) Ad •• , Aleutian. 16-8 25 )6(2} 4(1) , .... 1 ... I i 20(1) 72(13} 

1 

i l00(28} , ••• 

92(8} , 
: 100(15) , ... 4(1) 

: 96(12) I'" 
100(26) i 4(1) 4(2} , 

,100(29} / .. , 2O(I} 

100(63) "... 12(1} ' 100(86) ... 

: 100(75) i .• , 4(1} 

IIOO(86} i... 4(1} 
: i 
/ 83(35} I'" 

4(1} i 96(loo}I'" 

••• 1100(150)1", 
... ; 100(135) ... 

4(l} 
8(2) 

4(1), ••• 

4(1} 

94(3} I'" 
96(8} .,. 

96(8} .,. 

... 96(9) , ... 
17(4) 100(12) 

28(2} l00(9} \ ••• 

64(2) 80(7) ••• 
75(11) 96(6} ... 

48(3} 

44(3} 

75(4) 

6413} 

96(5) 

68(3} 

50(2} 

80(4} 

... ''''1 S6(5}·1 84(5} ., ... 

... 4(1) 72(8) 96(5} .. , 

380} , ••• 

96(6} ••• 

88(7} ••• 

4(1), •• , 

88(6} ... , ..... , 
91(4} ... .. •••• 

92(5} ••• 14(1)'" 

92(9} 4(1) ..... , 
58(7} ... • •• 4(2} 

se(n} 8(2} ••• 

52(4) 8(1} ••• 

75(6) 92(3) .. . 

64() 4(1} .. . 

88(U} 4(1} .. . 
96(19) ••• 

Attu, 21-7 to '1 ' 1 noutiano 28-8 26 4(1} 4(6}1 4(l} I i 19(1} 92(15} 

1320-1370 W 15-9 20 5(2} ... ... 11O(2} I 5(1} 5(1) I JO(13) 7,(17} 

I 
•• , I.·, 8(3} 

20(5) 

14(2} 

8(7) 

27(19}~ 100(93) 12(1} 4(I}14(1) I 12(2} , ••• 65(2} 

10(2) 

21(1} 

68(2} 

62(2} 14(1} I 73(5} , ••• 
52° & 54° N, 19-7 to 

52° & 54° R, 15 aDd I, 
140° \I 17-7 14 7(5} "'1'" I 7(1} / 29(6} 21(12} 

54° '" 56° N, 13 aDd 
145°· W 14-7 25 4(1) ... "" ... I I 20(2} 4(1} 

54° & 56° R, 16 aDd i '\ 
150° \I 17-7 25 36(3) .. , ... I i 20(6) 

55° ~, 1«0 W 20-a 25 4(2)... 12(1' .. , 
54" ", 1600 ~, 8-8 3 33(5) ... ,I 33(2\ 33(7) 
53° N, 165° W 3-9 2 ... , l00(IS) 100(201) 

4~'&~0~ I 
165° 05' W '" 10 aDd 
165° 21' W 18-6 25, 36(5} ... ... 

46° 30' N, I I 175° 05' W 5-6 2 ••• ." ••• , 
42° 42' N, 

17~0 30' II JO-S 10 .,. • •• , '!J(2} 
45° "4' N . . 

8(4) '172(25) 

.. , 5O(12} 

.. , I 50(5} 

I 

I;' •• , 

I , •• I." I,., 

4(1}, ... 

8(1), ••• 

3312; 
50(31) 

, 

1

75(10) .. . 

71(23) .. . 

96(31) 

I 100 (37) 
24(5} 

'1 67(15) 
,100(40) 

!100(26) i'" 
i l00(63} ,'" 

;100(58} I .. . 
bOO(50} I .. . 

10(2) '"'1''' 7(1} ...... 

8(1) ••• .,. 

179° 521 II 1-6 71 ••• '1 14(7} I 57(6} 
50 n $: 51 0 ~, \ 15 and . 

175° E 16-6 10 10(1} .. , ••• :10(1} 20(23) ...... "'1 l00(28} ... • •• : ... 
46° 40' N I ' ; 

166° 29\ I 15-7 25 4(1} ••• I'" 24(2} 1 60(4) 412} .. ·1··· .. · I 8(1} 96(15} 4(1} 4(1} ••• , ••• 
~o21'~ 1 1 I 

159° 23' E 5-8 26 ••• • •• , SO(2) I 6514) 4(1} ••• I 4I3} 62(16) 9(2) "'1'" 
~lo 49' 'N, , 

154° 06' E 21-6 25 8(1) ••• 'I 88(8} I 96(6) 8(2} 24(1) 52(38} 8(1} 28(1} ... • •• 
51- 221 l~, I 

153° 51' E 12-7 8(1)... • ••• 84(9) I 88(73} 8(2) 4(1} 12(1} 4(1} 88(33} ••• 16(2} ••• 14 (1} 

Yubetou R., ill; 11' ,HOkko.1dO "ct. , ... '32(4} ,. ; 80(88) %(26) '" 4(9} 52(12} '96(39) 'j' 8(2} ... • •• I ••• 
55° to SRo N, 17 to : 'i 1 I , 
. ~7'l" '.1 !21-6 ... I... • .. , 5(}1) , 91(40) 1 5(1) 10(2}! ... I r:xl(35) 5(1}... ••• ... ,: .. , 

54° I> W N, 1 ~_;nd LJ L J I 
_~soo ___ ~_ ...... ":'.L" 1~~ __ 100 (I! ... _: :~ .. , .~_ 

. "1 4
(I}176

14l 
... ... 2S(3} 
••• ••• 67(2) 
••• ... 50(1) 

8S(2) 'I'" 
86(3) .. , 

2O(I} ••• 

92<4} 

79(2} , ••• 

.. , ,40(3) '" 

88(5} ... 49(4) ... 92(7} I'" 1 24(Z} I'" 
100(2) ... l00(2} ••• 
100(10) ... ll00(2} !'" 
72(3) 14 (1} 1 28(2} l"~ 
50(3} , ... 

40(1) , ••• 

43(2} •• , 

50(2) 

6O(2} 

.. ;. 

"'1 5
(1) 

• •• 7(70} 

'" .. , 
I
::: I::: 

4O(2} i 9O(10}, ••• 9O(2} 110(1), ••• , ••• 

32(3} 

46(4) 

64W 

68(2) I'" 
85(3} •• , 

84(5} ••• 

12(1} , ••• 

27(1} 112(2}, "'j'" 
)6(1} 36W •••••• 

52(3} 96(5} I'" j 16(1) 128}1) '£'" ... 
48(3) 92(6)! ... I 24(1} l32(4)... '" 

9O(15} 9O(8} ••• 91(11)... .,. • •• :':':'Ll~(9} 100(7) lJ~00(3~[' '" ••• 

~ 
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Fig. 1. Distribution of sockeye in percent, of Hemiurus, 
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Fig. 2. Distribution of sockeyes infected with Triaenophorus and Dlcnlt1l! in 1955 and 1956 samples. 
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Distribution of pink salmon samples examined for parasites from 1956 collections, and incidence, in percent, of Hemiurus, 
Bolbosoma and Hemiurus in these samples. 

l' 

~ 


