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INTh0DUCTION 

Studies on the parr.,.sites of Atlantic salrl10n to 

dctermin') which parasitic spccios, if any, might be useful 

to ascertain the continental or:Lgin of salmon caught on the 

high sea~; began in 1966 (Pippy, 1967). A total of 1629 

smolts· _~rom 60 European and Horth American rivers and 151+ 

adul t sa.Lmon l'rOtl ;~urope, North Alner ica and Greenland have 

been oxalined and the findin£s tabulated (Tables 1, 2 and 3). 

Horp:lOlo,;ical and l!llanti tati ve analyses of SO;;le of the more 

promisin'~ parn::;i tes have been made. Discussion is confined 

to speci,;:::: \O[i th distinct differunces in Geographic 

l11st ~'ibll,i(}n or abundance, '1'ho;;o are: Dip1~l&JlillJ.."\il.Jl sp" 

~",'<.lJU:.l.'\HI ,w..J.!.'£lil.J..lU" fQlilUhQJ.:.tmlch~ laoy,i..~, il.nipill...iJI. ::::p., 

~r;l..c;,Q,;.\;..~ .,m~n~l.w, and SallUillcola sp. 

-------------------
*Sev'~l'al saul' .. os u,,-vubtcdly cOllsisted of both smol ts and 
pan'. -:n til,' ab::;cnce of reliable criteria to separate 31101 t,-­
fre.,; pu_'I' in pre~erved samples, all juvenile salrnon for each 
sa"ple \lere ('onsi,lered to be suolts. There were no consistout 
di: ;:-·)rcl" 'c'-'s : ietwe'.m par;lsi tic _~auna of tile larger and C!'-,aller 
jm,mil· sall Ion. Tl1crefore, the lllffiping of data from both 
sires 0' fis], most likely provides a reasonatle estimate of 
;-,:-1 ( .inc denc'· of 0acll porasl te in SlllOlts frOi£l eacl! area 
:.,ill, 111ed 
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Ri::SULTS 

DiplostoWulum sp. 

Diplostomulum sp. is a larval trematode of freshwater 

origin found in the h~~ors of the fish's eye and sometimes in 
apd retina. 

the lensl Earlier larval staces occur in freshwater snails 

and the adult parasite occurs in fish-eating birds. 

The eyes of 32% of 1026 North Americon smolts ,lere 

infected Hith Diplostomulum, as opposed to only 6% of 603 smolts 

from the British Isles. The mean number of larvae per infeoted 

wild smolt from IJorth America (6.5) was similar to that of 

British smolts (5.0). In North America, the only adult sal:110n 

" 

in fresh VIater found to harbour the larvae were those from the ./ 

Margaree River (Table 3). Also, 8 (17%) of 47 adults taken from 

the sea near the Hargaroe Hi vel' in June 1967, harboured c' mean of 

6 larvae cacho The presence of Diplostomulwu larvae in adult 

SalulOl1 in tlw j!argaree area is probably a:;sociated \oIith a high 

incidence of the larvae in swolts from the Har.:;aree HiveI' syate,,;. 

l;evel'theless, the incidence is below that found in sr:lolts from the 

hatchery. Whether there is a decrease in the nwnber of larvae per 

host at sea, or the more heavily infected fish cUe, .is not Imown. 

hare;olis (1963) made sioilar observations on the Pacific Coa:-;t ilni 

concluded tllat the larvae did not live long enOUGh after the l'ish 

had laigrated to sea to be of any value as a natural tag. Tlli:.; ,ls·~ 

seens to be the case on the Atlantic Coast. 

Sevcr~l morj.lhologieJ.l differellces betwecy! Dl';l\.Cstopl~ 

larvae fro: 1 eJcs 01' :,:).1II1O!1 smol ts, Arctic char (hlvolio\l.::;' 

1il12j,nlls), 2.l!d sticklebacks (Gaste.rost!;\lii. ~~i'!.~) fro;-ll 

;:api::;igdlit HiveI', Greenland, and DiploptoIDulW!.l larvae from 

15)~ uf 91 ::;alrl1on caught !lear Godthaab, Greenland in 1966 indicate 

that tile infected adult salmon dld not or.iginate in Kapi::;igd1it 

Hive]'. !Jellsen (1961) inuicates that Kapisigdlit HiveI' is the 

only river in Greenland in which salmon are knOvln to spavin. Tho 

)Jur .. ' .:i tit: fuw,a of i~apisi[!,dli t HiveI' is presUJnably silJlilar to 

fawl! of uthel rivers in ,Jest Greenlnnd. .illJl.l,.!.§.t.9],11bl..!n "laturo5 
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in biX'd:; 'dhich may r').nge widely. Therefore, it seeras Wllikely 

tilat the sal:non exanined from Godthaab in 1966 were representative 

of sahlon or it;ina ting in Greenland. The larvae in the adult 

salmon frow. Greenland could not be distinguished from specimens 

in smolts from Horth America ana the British Isles and their 

presellce therefore seelllS to indicate that the salmon oriGinated 

in ei tiler of those two areas. 

Bubot~ crasswa 

&1.W..Q.t.!.ll:.i..W.llc..t:a~I<.\l!ll is a marine tapel'lOrlil found pr i~jlar ily 

in the pyloric caecae of salmon. In heavy infections the caeCGe 

aro e;:pandcd ~llld the llghter colour of the tapc,lOruw \"1i thin car, be 

seen. 

.~ • .c..,:o_s_~l1ill Ivas found in 93% of a total of 278 Horth 

,ulGrican salmon oxalilined by Hoar (1939), Sandeman and Pippy (1';67), 

~ll1d ':;l\u \l1'i ter (Table 3). TCHlpleman (19G7) found it in 79,; of 
(1917) 

29 S::1li:lOn on ;-md near the Grand Banks. In contrast, Eoitz/folmd. 

it in (mlj )"D,.; of 170 saJ,:ilon ln the Rhine iti vur ,lermany, and E:il',e 

(19:)i~) ~>Ji).:l,·l Lt ir::. l!.(,/{ or 1J ~almon in Il'clD.nd. S~~ll. of' It 

Co.u:.Qia" t::C,;'Jll salmon taken in Greenland was infected \"l1th 

. , .. , ,. If 0 ~. ., t..· tl t· 1 2- ~":~1.;;SLllll. ,1.il.LS _ ) /J lJ.":!CJ.CJ.oncc con- rLl~ ",,;j \'!.l. - -1 ~llC c.nrorCt 1 

Ur·LnJ.;J);':· rata of I.r6:; (Tuble lr) infected. :;":lcse Qut:::t Sl;.)~)Ort 

'i10i,lplof:lan I:J (lSJt:)7) .Gub~ostiol1 that~. craSDU:ll i'lD.Y be less 

a bU·l(l.~l.nt in J:Ul'OpC~Hl ~o.ldon. 

'r;I'.:· ,~.:,t:.'. UiJtCl.tned fro:1 102. (}r(,cnl;'I"" ::::.tl!.,u··] CLl.l.J.r)ct:;(~. 

in If),,;{l ('1':, biu L,.) ::Ul)pol'l tIle v.iew (1'emplolil.-1J"J, l:JG'7) tll\~t th~~' 

,'l,j(j::.L I.~C uf t:.' lY:·.l()l'lG.;~ increa~a \I.i th D. 1011[;01.' 1)'::l'1u'] uj:' l'lvr~l' 

111''':: • C::i.:::: Ls l.l.l'()i).'[:)lJ' rolated to rJ.ll'i'ol'ont rocd.ln~; ll:J.bits of 

~.,:lC v;lr.i.uuD Cl't'UP:; ()f f1sh once they 8utor tl!o sea • 

. t(2H.~; ~1~J.~ll.J.J L( J~1 ~~ ·~~lO_1{, iJ;. 

I.L'>.i.~,j :JC; ;_JL'~(Jcc:llhal~uL uf .i.'l·U~;,l"'f~.tlF'l' l)ri;:l{~ ;'1·:1[; dut 

",'UU,"t i.. : ..• 1,)' ,;' iolL~ f1'Oi{j Uortll :'1'1e1'i<:[1 but only ill ~:ilOJ.ts fl'c'ill 

the ,j!'i 1..isll ~~t;J.o~. Tho speCilaCn!; collected 1'!8re 1:1'O",i 3-11 !I~Ll 

.lm,c;, 1.!,' to' .• )" J.'.: ill uiarnGtor, und r.:lost oi'te.', futUJd Hi til tile 
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'Jl,]iJOQ(lml in the ,mll of the IntGstinc s() t:.at the 

Pl'o(juscis "Jl'otr'uded into the abdominal cavity. l:ol1e oi' the 

:."01a:110 spoci;aons e;:auinecl from tho smolts contninec1 eggs. 

ilcIntosh (1863), TU511 (1905), lIcitz (1917), ancl 1.0.1:0 

(19(;6) found J~. llQY_..l§. in adult J~uropean salmon (sea 112es not 

clpecificd.) returnill,; to fresh vrater. P. laov:Ui, v/o.s l'(IlU1U in "bout 

24) ui' 5iilults froi!! tlw British Isles, but it \'/<lS not i'uund in 

(1)1Y of 102 S~)l;i1On (1 + S8a winters) eX:tt:lined. 1n Greenland 

in l'}lj). If E . .l:1.S1.V-J,;. i:, present in COlJ.1011 1)1 

Greenland, it Rppeal'S to bo rare (less than 1% infected) end wiJ.I 

therefore be uf littlo use as a biological taG to distinbuish 

eastern from western Atlantic salmon stocks. 

£. ~ru was found in about 50,6 of tho s[;]ol ts .crom 

Ireland, 3,~ of tilO,lO i'roHl l!:nGland, and was absent in smolts from 

Scotlalld. (ilig. 1). If silililar differences in 8.bundance c;en be 

o.e1:10)15 tra ted in adul t5 returning to these area s, .E. laev.i.Jl. may 

be of uso us I. biolozical taG for Irish salmon in tlw sea 

cnrr01.l1lcllni: the British Isles. 

~uU cpo 

i,arvae of the f!lal'ine nelilatode, Anisakis occur in the 

vis COL'," .lllc! 1,lUcculu tUre of lnany marine fishes. 1'11e adult for!.] 

uccnr~: ill I:l:lrinu ian) ~:l.Jls and sea birds. Salrllun !:jQrvc n.,S 

in"tCl'UG,,u.:"l;G i,ucts follO\'llng inGestion of infcctoo. r.!.C\nktonic 

iT!v()l'tebro.te hosts. 

Jl comparison of mean intensi ties of infesta 'cion by 

!';)L:i..s..::),.Lic iu cilL.on from Gugl<lJld. and ~Iorth Americ8 indicate thore 

i:; !i.U ,Iil"i'cl'el!ce (1' = .0;) in the abundance uf this Inl'v<ll 

Ilr)l~~-,.t"110 iI :;.'Ili.lOl1 1'rom these tHO aroos. 

:LrJit:>, el')l,?) Sill)\U)lj Uwt the iTlcl<l()I"~o ui' iJlJ'os'Lntlull 

ul" {;"LI~;.u.).:J. !.i.i-lU;<'.lJ.w,:.l,.u. e '" .fu~~) did. ntlt Ih~crElace O.urlng tlw 

:;,:11<"11',, I) 'llul,tilS ill tilo JthillO HiveI', UerJaany. Observatiulls Oil 

t"'''..i.;<.i.Jlo.~ larV(l<; 111 horrin,; (£ltwea ~) by Bishop and. i-iarc;oli:; 

(1S!))) iw'icatc t l .," OCCU1'rencc or these larvG\u in flsll is 
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cumulati ve, the int8nsi ty of infestation increasing l'li th the 

nwuber of years spent in the sea. 

If the occurrence of Auisakis is cwuulative ',ith time 

spent by Atlantic salmon in the sea, salmon in Greenland should 

have lilure Anisakll larvae than they had before leavinG horae 

1,aters. Also, salmon which tlaVe been to Greenland siwulu have 

more \;hell they reach home waters. However, the mean number of 

fu1.l.J<.alris per 1966 Greenland salmon (1 + sea years) "las 11.9 

(Table 5), which is higher (P = .01) than the rllean of 3.8 for 

ulder SalliJOn (2 + sea years) collected off the southwest coast 

of l;;nr;lawl in 1967. Similarly, the Clreenland mean vlDS 

significantly hiGher than the mean of 5.5 for older salmon 

(2 + sen years) caught in Hortll American l'laters ('.cable 5). ~!le 

data suggest that either (1) numbers of Anisal:ll present decrease 

HUh time, cOlltral':1 to the findings of Bishop nn(l ;,a1';:;olis (1955), 

ur (2) not a very hiGh proportion of the salmDn in the sf)dp1es 

taken in Ilorth Ar;lerica and England had been to Greenland. 1'l,)08e 

trends Vlill be investigated further by increasing sample sizes 

an(l :;eocraphic distributiun of the sampling stations (luring 1968. 

1ar;:;e nw.,bers of Anisq.kis in salmon may possibly be indicative of 

laiC;l'ation to Greenland. 

Studios are now under way to deteri!line whether there 

are ilwrpllOlogica1 differences in 4nisakis larvae from tho British 

Isles and Canada. 

£.Q.u.tJ.:.rJ..~lli!! a>iuneWl! 

Tho ,"n.r ine nema Lode, ~.n:tr.o.~1Jlli ',(.\I,U,!!;;IJ,!Jl 1'l:J:; .::'J1.l1:e: In 

SIS;; "f 91 "dIU t S!llli1011 from Ureonland but I-l<\S ab::;ent in 5(, 

returninG sall.1on taken in Harth limerican fresh watel's. Jleitz 

(1917) reported it 3::; beinG rare in returning salmon tall.on in 

the ,i,;,hin(~ .L·~i vcr, (Jermany. ~. ~~ May 90;'; sibl~r be of use 0.:'; D-l 

ilJ(J.o~: ur ;lli[;rl1tion U;: Gall1l0n to Greenland. llU\lOVOl', it is not 

1ncu)'iecl vable that our snmple of salmon and ;'iE;i t~;' 5 had contained 

!d. • .iJ..tDill.G}.1W \'IJlilo at sea but had lost tile nem&todes shortly a,ftel' 

(;nt'.:r Lllr; frc::;il 'lnt".L'. Further 53l'lplinr; .is noeded to cl<Jrify the 

::tOt:15 o.L" ~~ • .:J.\12Y1.G.!d!!l 3::: 3 potential biologic:"l to.G. 
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Salmincola sp. 

Salmincola sp. is a parasitic copepod of freshvlater 

oricin. It is yellovlish white, about 3.3 nun long, and found on 

the eills and bill opercula of parr, smolts and adult salmon. 

It can survive on the gills of salmon in zalt water. 

In the samplez collected during 1966 and 1967, 

Salmincola sp. was found on 7.1% of the smolts from ileVifoundlanCl. 

aml Labrador (:lee ~"ig. 2) i.e. 3.5% of all tho Canadian S;i1olt~ 

oXaI:linod. It waS not found on any of the 5lt5 !moltz frofol PrL,c8 

Ed\;arrl Island, Nova Scotia and New Drunswick nor OIl anr of the 

603 zmol ts o:r..amined from tho Dri tlsh Isles. There iz no publi;;l-,ccl 

infor;untion on this form of Salmincola found on juvenile :lab In 

the ea[;1;ol'n Atlantic. 

Telflplc;:lUn (1967) reports a single speci;ncn of 

Si.lJ.HJ.l.)...c~ on the gills of a I-sea-year salmon. 'rhiE ?l:;h ·,nn 

tt1 i.(1]. "L 50 0 58' OO"I!, 49000 'VI (,felllplemnn, per~unal cO::';'i1.Il,Lc~'ci()r,). 

T110 par:tsJte 1!f..\U been examined by the writer ant.l fowleT 1;0 be 

very ::;imilal' to tl1o::;o founcl on Nevlfowldlol1d SJ101ts. '.L'11'~ fl siJ 

may havu originated in a NeWfoundland or Labrador river. 

Present knovlledee of Sa1minco1a sp. indicate::; tiJat it 

mar bo of tlZO for diztinguishlng some salmon originatinG in 

lIel-lf"un,jJ.~'n(l, Labrador and perhaps i.,iuobec. LO'dGvcr, it \'Iil1 

pl.'IIl;, b 1 I I,,) oi' It ttl,) lLDO 1'01.' tll::;tillgui~llin(; G'Ill:l,!.t:JI1 l'r013 

;'>111·" I'o:t, t ;; t( 'cl: t:. 1"(\ol.ors to bo cunoiderod [~l'D: 

Cl) 'ri1o proportion of tlo~lfoundlt1nd oulJJi(m '.:llieil a)"(, 

.lrtf0ctcd (about 0.07); 

(2) '£:10 pl'oportion of lfl.'lw:('oundland sal::luJJ .l.IJ Gnuad.lclll 

:ltocl;z (arbitrarily suggested 1..0 L0 O. ~O); 

(3) 'rho proportion of zalmol1 in Greenland urlgLnalinc 

in Co.nado.. Allan (1967) suggcsted a proportion of 

0.56 based on sldol t aGez and frolll 0.31-0.76 brtr;ed 

on tar;ging dtl ta. 
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AssUllling that all §.a.JJnincola specimens sur'li ve on salmon at sea, 

the probability of finding one on a salmon in Greenland is only 

0.02 (0.07 x 0.50 x 0.56). Such a low incidence precludes 

effective use of tllis parasite as a biological tag for separating 

eastern from western stocks in Greenland. 

Pippy (1967) outlined the problem of determining the 

specific iuentity of Salmincola in Newfoundland. Since then, 

the growth characteristics of 29 specimens have been compared 

"'ith ?'J ~:ip8cimenD of Salmlncola salmonqa from Hev' ~jru..l'1!J·Hick 3n(.1 

Ccotland. In<lications are that Galmincola sp. (1 = 2. ~) 

is cleselJ i'elated to §.. ;;;almon!'UJ., but 1a r g e r specimen:.:, 

such as the one found by Templeman (1967), ',/ill be required. 

befoI'e SQ..ln.iJ:l..G.9.J..a ~ordoni can be e sta blished 01.[; 8. clef ini to 

species. 

DIcClJSSION 

Lo parasite of fresh water origin has yet been founu 

Wllic11 Iwuld seem to be reliable in a large-scale program for 

lLis L.i.rlguisilinC European from li.lnerican stocks of J.tlantic saln:on 

near Greenl,~n<l. Available evidence indicates that tile copopou 

Caljilincola sp. and the acanthocephalan Pompho.1:.hvnchus l,QeyiR 

r,lay be of use as a biological tag "Ji thin Canada (Salrail'c_QU in 
beine 

];eufolU1<lland) an<l tlw Bri ti sh Ides 0::. lae'! i;,/ lllUl'O abun<lnnt in 

Ireland). But certain acpects of their abUl1dancc, emu perhaps 

1 on::; ")"!i ty, preclude their effective use as biological tags in 

·,i2.tfJrS off Greenland. 

iJi th the possible exception of l!!. ~i' SSWll, 'vlhich appc,:\rs 

to be marc abundant .in Horth American salmon than in .GuropeOol' 

~;OllJdun, llano of tho Ilarine parasites )Tet sho,1 particular promi::;e 

:, ,: I) I ol(J(:l(~nl l:\G:; to indicate continental origin. 

'L'I[(Jl"J arc indicatiol'lG that cort,'lin l:larine nematodes 

(An.i,.qakis sp. nn<l COi1t.r.a.G.Iil~i .o..dwlCwg) may be of' soue usc in 

deteriaininr; \'lhether or not salmon in North A:r.erican coastal ',Ia'c')!'s 

:1avc bo(m to Greenland. These species may be useful for estinatinl; 

the prolJortion of salmon in home 'vraters which have returned froill 

Greenland. 
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Table 4. Abundance of Euhothrium crassum in 102 salmon 
of different river ages collected in Gr8enland in 1966. 

Number of salmon in sample [(iven in parenthc.sis. 

Year Mean Volume (ml) of~. craS3um Pcr Cent 
River Mean per Infected Mean far all with 
Life Salmon Salmon Tape\,orms 

% 
2 41.5 (23)' 17.7(54) 42.6 

3 36.2(20) 17.2(42) 45.5 

4 35.8 (4) 23.8(6) 66.7 

Total 2-4 38.8(47) 17.9(102) 46.0 

• 

Table 5. Geop,raphic distrihution and abundance of Anisakis larvae in 17h adult 
salmon from three different areas of the North Atlantic. . 

Locality --
NCRTH A!·IERICA 
(Sumner and.f~l, 1966~ 

G llF:E1ILA'ID* 
(Fall, 1966) 

Ti;nnLANDXX 

Grilse Salmon 
(one winter only at sea) (more than one ~·ri.nter at sea) 

SWlple Mean No. Standard Sample l1ean No. Stnndaro 
Size T.arvae host Deviation Size Larvae host Deviation 

26 9.192 10.182 26 5.500 h.852 

o 91 

-IS~~~~._b_7~) __________ __ 
o 31 

11.81.6 

3.774 

? 3?3 

3.703 

*Qnn salmon (bearing a Canadian tag) with 53 larvae ~1aS omitted because the hi.gh 
infest",tlon W1S at'yvical IlI1d only tho musculature was examined. 'rho T1l1GCulatul'C of 
10 nth"l' sil.lnon ",oj> not o"Wllnnd ann the ,lata on the Anisalds in the ho:lv cavity of tLCG(l 
f'-L::;h havn. nn/~n ornt-vted. " 

lOK0nn snJ.mon l.n.th 127 larvae was omitted because the high infestation W1S considered 
to he atypical.. 
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Fig. 1. Distri.hutinn and ahundance of Pomphorhynchus laevis in 
British Isles (1966 and 1967 data comhined). Black areas 
i.ndi.cate percentage of sample-S infected. 
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Fig. 2. Distribution of SaJ.mineola sp. on smolts from 
Newfoundland and Labrador. 1966 and 1967. 
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