RESTRICTED

'INTERNATIONAL COMMISSION FOR THE NORTHWEST ATLANTIC FISHERIES

Serial No.2028 ICES/ICNAF Salmon Doc.68/9
(B.g.14) {also ICNAF Res.Doc.68/46)

ANNUAL MEETING - JUNE 1968

Btudies on the Parasites

of
Atlantic Salmon (Salug galar)

by
John ii. C. Pippy

Fisheries Research Board of Canada
Biological Station, 8t. Andrews, ll. B.

INTHODUCTION

Studies on the parssites of Atlantic salmon to
determin: which parasitic species, 1f any, might be useful
to ascertain the continental origin of salmon caught on the
high sea:s began in 1?66 (Pippy, 1967). A total of 1629
smolts® “rom 60 Buropean and lorth American rivers and 154
adult salmon froa lurope, North America and Greenland have
been exa iined and the findings tabulated (Tables 1, 2 and 3).
Morpholo;;ical and vuentitative analyses cof sone of the nore
promisins parasites have been made. Discussion is confined
to specins with dlstlnet differcnces in geographic
dlsieibution or abundance., 7These are: Diplostomuluig sp.,
il salvedlih, Poupherhwichus kaevig, dnigahls sp.,
gontrica g aduncyy, and Salilncold sp.

*sevaral sanp .5 Wioubtedly consisted of both smolts and
parr. .n the absecnce of reliable criteria to separate smolto
frci parr in precerved samples, all juvenlle salmon for each
sawple uere considered to be sunolts. There were no consistent
di’ threces cetwenn parasitic Jauna of the larger and sualler
juvonil . salion. Therefore, the lumping of data from both
sirocs o' Cis): most likely provides a reaconable ectimate of
the ine denc: of ~ach parasite in smolts frois eaclh area
ol nled
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RuSULTS

Diplostomulum sp. is a larval trematode of freshwater
origin found in the humors of the fish's eye and sometimes in
apd retina, .
the lens Earlier larval stages occur 1n freshwater snails

and the adult parasite occurs in fish-eating birds.

The eyes of 32% of 1026 North American smolts were
infected wlth Diplostomulum, as opposed to only 6% of 603 smolts
from the British Isles, The mean number of larvae per infected
wild smolt from liorth America (6.5) was similar to that of
British smolts (5.0). In North America, the only adult saluon
in fresh water found to harbour the larvae were those from the -
Margaree River (Table 3). Also, 8 (17%) of %7 adults taken from
the sea near the Margarce River in June 1967, harboured  mean of
6 larvae ecach. The presence of Diplostomuluy larvae in adult
saluon in the llargaree area is probably acsociated with a high
incidence of the larvae In smolts from the Margaree Hiver system,
levertheless, the incidence is below that found in suolts from the
hatchery. Whether there i1s a decrease in the nwaber of larvae per
host at sea, or the more heavily infected fish die, ls not known.
harzolis (1962) made similar observatlons on the Pacifie Coast alul
concluded that the larvae did not live long cnough after the fich
had nlgrated tu sea to be of any value as a natural tag, Thiz .1s.

seens to be the case on the Atlantie Coast.

Several morphological differcuces between Dicleabomii'ii
larvac fron eyes of saluon suolts, Arctic char (Salveligus
alpinug), oud sticklebacks (Gasterosteus aculeatus) from
~aplsigdlit River, Greenland, and Diplostomulwn larvae from
15/% of 9L salwon caught near Godthaab, Greenland in 1966 indicate
that the infected adult salmon did not originate in Kaplsigdlit
iiver. lieilsen (1961) indicates that Kapisigdlit River is the
only river in Greenland in whiech saluon are known to spawm, Thoe
para:itic fauwa of kapisipdlit lilver is preswinably similar to e

faun- of other rivers in Jest Greenland. Jiplostomuluwa maturcs
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In birdz which may range widely. <Therefore, it seems utnlikely
tiiat the salmon examined from Godthaab in 1966 were representative
of salmon originating in Greenland, The larvae in the adult
salmon from SGreenland could not be distinguished from specimens
in smolts from North America and the British Isles and their
preseunce bherefore secms to indicate that the salmon originated

in eitier of these two areas.

subothriw) crazgws

bubothriwy crassum is a marine tapeworm found primarily
in the pyloric caecae of salmon. In heavy infectlons the caecae
are expanded and the llghter colour of the tapeworms within can be

S5eerl,

2. cragsun was found in 93% of a total of 278 llorth
American salmon examined by Hoar (1939), Sandeman and Pippy (1457),
and the writer (Table 3).  Teinpleman (1967) found it in 795 of

{1917)
29 salumon on and near the Grand Banks. In contrast, leitz/fownd

it in only 5035 ol 170 salmon in the Rhine River, sermany, and hane
(L955) fowh LU in WG4 of 13 salmon in Ireland. Sach of b
Caomndlas. tugyed calmon talken in Greenland was infected with

8. crazcoun.  Uhis 1007 ineidence contrasts with the overall
Groonlane rate of %65 (Table %) infected. Whiese data sujport
Toupleman's (1LU567) sugzestion that B. grasswy vay be loss

abundnnt in Suropean salion,

Thre dote obbained from 102 Greonlesd zaliion collectod
in 1936 (Loble %) zupport the view (Templeuwan, 1967) thnat the
aanne s olb tepovoras Inerease vith o loanger worlod ol river
Life.  MMis ioc proonbly related to differcnt Leedin:g habits of

Lhe various proups ol fish once they enteor tle sea.

Lomoiorhynelhng Laavig

Wolg aes nboocoepnalan ol Sreswemler ordlnis uyag ot
Jolaa Ao ocary Lwolts frow North donerlea bul only in cooltz Lrom
r m

i Lritisihi fgles.  The specimens collecloed were Irow 3-11 i

lowi;, vy to .5 1ot Lt diameber, and wost often Lfound witi: the
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culbcous neci: oubedded in the wall of the intestine sc tiat the

nroboecis protruded into the abdominal cavity. lione of the

Teonale speclmens examined from the smolts contalned eggs.
iicIntosh (1863), Tosh (1905), ieltz (1917), and lenc

(1966) round F. laevls in adult European salmon (sea ages not

specified) returning to fresh water, P. laevig was found in zoout

247 ol gsmolts frow the British Isles, but it was not found in
any ol 102 saluon (ll+ sea winters) examined In Greenland

in 1966, If Po laevig is present in saluon in

Greenland, it appears to be rare (less than 17 infected) =nd will
therefore be of little use as a biological tag to distingulsh

eastern [rom western Atlantic salmon stocks,

I, lacvig was found in about 50/ of the smolts {rom
Ireland, 3,4 of those from ILngland, and was absent in smolts Irom
Scotland (iFig. 1). If simllar differences in abundance can be
demonstrated in adults returning to these areas, E. lagvis may
De of use as o bilological tag fbr Irish salmon in the sea

surrounding the Sritish lIsles.

andsakls op.

Larvae of the marine nematode, Apnicakls occur in the
viscora and musculabure of many marine fishes. The adult foru

~

geeurs in warine wmarcials and sea birds. Salimun sarve ac
interuedizle hocts following ingestion of infected planktonic

invertebrate hosts,

A comparison ol mean intensities of infestation by
wilealids in coluon from mingland and North America indicate there
is no Jdifference (P = ,075) in the abundance of this larval
neastode ir caluwon Lrom these two areas.

deity (1917) showed Lhat the incldence of Inlostation
ol apcoiis eopoilarda O = Aufgalkis) did not decrease during the
coloon's U wontiis Lr the nhine kllver, Uermany. Ubservations on
ackoulde larvee in herring (Clupea nallgsi) by Bishop and Margolis

(L959) indlicatec the cceurrence of these larvac in flsh is
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cunulative, the intensity of infestation increasing with the

nuupber of years spent in the sea.

If the occurrence of Anisakis is cuuulative with time
spent by Atlantic ssalmon in the sea, salmon in Greenland should
have wmore Anlsakis larvae than they had before leaving homne
waters, A4lso, salmon which nave been to Greenland shiould have
more when they reach home waters, Lowever, the mean number of
Anisaliig per 1966 Greenland salmon (1 + sea years) was 11.9
(Iable 5), which is higher (P = ,01) than the mean of 3.8 for
older salmon (2 + sea years) collected off the southwest coast
of Lngland ln 1967. Similarly, the Greenland mcan was
significantly higher than the mean of 5.5 for older salmon
(2 + sea years) caught in Rorth American waters (Lable 5). The
data sugpest that either (1) numbers of Apisakls present decrezse
with time, contrary to the findings of Bishop and iargolis (1955),
or (2) not a very high proportion of the salmon in the ssnples
taken in Horth dunerica and BEngland had been to Greenland. Thesc
trends will be investigated Turther by increasing sample sizes
and reoprapiic distribution of the sampling stations durlng 1968,
Large nuubers of Agisalls in salwon may possibly be indicative ol

wigration to Greenland.

Studies are now under way to deteruine whether there
are .aworphological differences in Anisakis larvae from the British
Isles and Canada.

‘he marine nematode, Contracaecum gduleiuy woo Jouine in
985 of 9L adult salmon from Ureenland but was absent in 56
returning calion taken in North Amerlcan fresh waters., ileltz
(1917) reported it as being rare in returning calmon taken in
the shine siver, Germany. C. aduncun way »osclbly ve of use as &
index of migration o gsaluon to Greenland. liwvever, 1t is not
iacouriceivable Lhat our sample of salmon and reitz's had contained
Co auimeul while at sea but had lost the nematodes shortly after
cntoering fresh wator. urther sampling is neocded to clarify the
status ol U, adimeiun ac a potential biolopglenl tag.

oy
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Salpincola sp. 1s a parasitic copepod of freshwater
origin, It is yellowish white, about 3.3 mm long, and found on
the gills and glll opercula of parr, smolts snd adult salmon.

It can survive on the gllls of salmon in salt water.

In the samples collected durlng 1966 and 1967,
Salmincola sp. was found on 7.1% of the smolts from lewfoundland
and Labrador (see Flg, 2) i.e. 3.5% of all the Canadlan cuolts
exanined. It was not found on any of the 545 sinolts from Pri.ce
Edward Island, Nova Scotla and New Drunswick nor on any of the
603 smolts examined from the British Isles. There 1s no publicicd
information on this form of Sglmincels found on juvenile sal:. .. in
the eastern Atlantic.

Templeman (1967) reports a single cpecliaen of
Sialidncoula on the gills of a l-sea=year salmon. <Thic Tich wac
tobon, oL 50058100M1, 49000'W (Templeman, percunal comnnilezaticn;.
The parasite has been examlned by the writer and lound to be
very simllar to those found on Newfoundlond smolte, Lthe flsh

may have originated in a Fewfoundland or Labrador river.

Present knowledge of Salmincola sp. indicates thatl it
nay be of use for distinguishing some salmon originating in
Hewfoundlrud, Labrador and perhaps Yuebec. Lowever, i1t willl
probohty b ol Llbtle wse for distingulshing Cnnacdian from

suropoan stoeks, FMaclors to bo considered aro:d

(L) The proportlon of MHowfoundland salmon wilcii are

infected (about 0.07);

(2) ihe proportion of lewfoundland saluon Jn Canadian
stocks (arbltrarily suggested Lo Le 0,50);

(3) The proportion of salmon in Greenliand originating
in Canada. 4&llen (1967) suggested a propoftion of
0.55 based on sawolt ages and from 0.31-0.76 based

on tagging data.
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Assuning that all Salmincola specimens survive on salmon at sea,
the probability of finding one on a salmon in Greenland is only
0.02 (0.07 % 0.50 x 0,56). ©Such a low incidence precludes
effective use ol this parasite as a blological tag for separating

eastern from western stocks in Greenland.
Fippy (1967) outlined the problem of determining the

specilfic identity of Balmincola in Newfoundland. Since then,

the growth characteristics of 29 specimens have been coupared

witlhi 79 opecinens of Salilnecola salmengs from IMew srunswilck and
Scotland. Indications are that Salmipcola sp. (? = 8. gordoni)

15 closely related to §. galmonea, but larger  specimenc,
such as the one found by Templeman (1967}, will be reguired
pefore Salnincola pordonl can be established as a delinite

species,
DILCUSSION

Lo paracite of fresh water origin has yet been found
whicii would seem to be rellable in a large-scale program [or
dislinguishing Luropean from Awmerican stocks of atlantic crmlmon
near Greenland. Avallable evidence indicates that the copepod
Salilncola sp. and the acanthocephalan Pomphorhynchus laevis
may be of use as a biological tag within Canada (Salmincola in
llewfoundland) and the British Isles (P. ;agvlifﬁgﬁé abundant in
ireland). But certain aspects of thelr abundance, and perhaps
lonzevity, preclude thelr effectlve use as bioclogical tags in

vetoers off Greenland.,

With the possible exceptlon of L, grasswa, whlch appears
to be morce abundant in Horth American salmon than in buropean
salion, none ol the narine parasites yel schow partlcular promlse

ag blolopleal tags Lo Indlcate continental origlu,

There are Londiceatlons that certain wmarine nematodes

(Anigakls sp. and Contracaccuy aduncum) may be of soue use in

deteriiining whether or not salmon in liorth Arerican coastal waters
nave been to Greenland. These species may be useful for estinating
the proportion of salmon in home waters which have returned from
Greenland.
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Table ;. Abundance of Eubothrium crassum in 102 salmon
of different river ages collected in Greenland in 1966.

Number of salmon in sample piven in parenthesis,

Mean Volume (ml) of E, crassum

Year Per Cent

River Mean per Infected Mean for all with
Life Salmon Salmon Tapeworms

%

2 11.5(23) 17.7(5L) L2.6

3 36.2(20) 17.2{L2) h5.5

L 35.8(L) 23,8(6) 66,7

Total 2=k 38.8(L7) 17.9(102) L6.0

Table 5. Geopraphic distribution and abundance of Anisakis larvae in 17h adult
salmon from three different areas of the North Atlantic.

Grilse Salmeon
(one winter only at sea) (more than one winter at sea)
Sample Mean No. Standard Sample Mean No. Standard
Locality 3ize Tarvae host Deviation Size TLarvae host Deviation
NCRTH AMERICA |
(Summer and fall, 1966.)
SR 26 9,192 10,182 26 5.500 .852
GREENLAYD™ :
(Fall, 1966) 0 - - 91 11,846 9.393
T, AND R 0 - - 31 3.77h 3,703

_(_.E-\'immfr) 67 )

®¥one salmon (bearing a Canadian tag) with 53 larvae was omitted because the high

infestation was atypical and only the musculature was examined, The msculature of

10 obher salnon uag némt aramined and the data on the Anisalkis in the body cavity of these
Fish have hnen omit N r———

¥ nve salmon with 127 larvae was omitted because the high infestation was considered
to be atypleal.
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British Isles (1966 and 1967 data combined).
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Sampling Stations

& Sandeman aond Pippy (1967)

(Block symbols indicate
L prasence of Saimincola )
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Fig. 2. Distribution of Salmincola sp. on amolts from
Newfoundland and Labrador, 1966 and 1967.
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