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IIJT::lODUCTIOlT

Lundboek (191~O) olaimon that bosidus tho eommon rcdfish, Sebastes

marinus (L.), thero oxeist a deop soa type in t11.e Doa~ Island nroa and

on'the Ieeland-Faoroe ~idGe. Travin (1951) deseribed t11.c deep sea

redfish f'roe tho Boar Islnnd aroa and t~o naro~ts son as a now species,

Sobastes montolla Travin. This speeies proforo dceper uator and

somewirat·: hiGher'tomporaturo thari. S.marinus, althoutih thoy also oeeur

syrnpntrieally. S. I:.1Ontolla is eharnetorizod by iI. beak on its lm-lor ja't1,

and t11.is spoeios possess a ßrentor oyc' dincetor, grolls slouor, and renel1.

,tin sealler total lontith than~. mar!nus. T.ho eolour of' montolla is

. bright red ~~d of' ~arinus usually or~~Go-rod

Andriiaohev (1951~) ~~d Tocplor.tan' (1959) restrietod'Sobnsj:;.QQ. pontolla

to tho status of n subspeeios, Q. marinus mentolla,boeauso t11.o

di:fferonees botuoon marinus and montel,la uoro not eloar onougll to

justify thom as tuo distinet speeios. J... o. TompleLlan (1959) found that

nel1.telln uas not rostrietod 'to t1'1e Ilorthoas't A't1.ontie, bu't uas eommon

also in 'tho ITorthwes't At1.~L'tie~ und in mos't loenlitios hero oeeurrod

in ß'roator quan'ti'ties thon marinus.·

Dy noristie, morphono'trio or morpholgie netods elear:eut separation

of rcdfishes !n'to marinus m~d mon'tol1.a groups has bccn diffieu1.'t

(ICot'thaus 1961, TOI:.lplonaIl 1959, ICc1.1.y, Bnl~cr und C1.arI:::o 1961)0 A grcat

propor'tion of thc spceimcr:ls pososscd 'thc eharaetoris'ties of both Groups

in a varying marU1.cr. Eouovor, genc'tieal d:i:f:forenecs bo'tl'lOOn 'thc 't,,,o
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groups 'tvore suggestocl by Tenp1.eI:lOI1 fu"'1d Snndenan (19.59) llho found grent

differencos bot'treon narinus and ~onto1.ln types in relntive occurrence

01' cnudaJ. z:lelanophores of' pre...e:ctruDion larvap.

Yanulov (1962 n) f'olL~d significant di:rferonces botwoon the two typos

in infestntion rnte 01' va.rious pnrnsites in parts of' the Horthuest

At1.antic.

~ ir.mlL"'1o:di:r~ison techniqueo, photron-ref1.ectonotric nonsuremonts nnd

two soparateI:lothoda of' chronntography alnourI~o (1961) fOllild ovidonce

for bioehemicn1. spoeificity 01' the t'tlO forns to such n dogreo that thoy,
eou1.d bo eonoidored ns tuo distinet speeies. Gimi1.nry Sehnoffer (1961)
rOlL~cl t11.nt tho two types di:ffered signi:fieantly in eentont of eerta.in

free aoino neids nnd tota.1. nitrogen eontont in nuse1.e tissuo.

In n serien of' pnpero (1..1 tuIdlov et 0.1. 1968, 1'..1tuldlov und Hef'yodov 196[., ,

1..1. tuImov, ITef'yodov imd Pnyusovn 1968 i ITef'yodov 1969) deaJ.ing' llith

the rodf'ish prob1.eI:l, ''fOre described dif'f'erennps in I:1uscle torr.1ootabili tY:l

ffild 0.1.00 di:fferencos in f'requoneieo of' sono po1.ynorphie serur~ proteins

charneteristics (haptoglobius, albuoins, and - GlobUlins) bet'tloen

sanples of' r:mi'inus and ::1Cntolla types :frOI:l -(;110 untero betueo~ Ieeland

e1.d Greenlal1.d, oho'\'Ting that the ana1.ysed snnp1.os were not drmo f'ron

one hon0G'ol1.0uS population.

In the preoent pnpor di:f:reronces in o1.ectrophoretie nobi1.ity 01'

heooglobins 01' the tuo types 01' redfish aro deseribod, and tl1.e resu1.ts

are discusood in relation to thoir signi:ficance on the systeoatic fu"'1d

the oanagonent of' the rodf'ish. Desidos hOI:loglobins, totnl oor~~ und

nuclo protoins, sor~~ and nuscle osterase, lactato dohydr~Go~Q~e and

nopartate oninotro.."'1sforaso uere analysed by oleetropho'l:';)c:1.G,~

Tho resul t 01' those ana1.ysoo, hOlrever; '\'lore :not yo:cy cCllcluc:tve,

and are ooitted in tho prosent roport.
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HATERIAL l ..lID llETEODS

TIcdf'ish f'or bJ.ood sanpJ.ina ,ms onugI11; by. b01;1;01"'., t~i~w~ ... 'BJ.ood was

obto.inod by 0. syringo f'rOI:l t110 hoo.rt rOGion or tho 1'ish.

lvaS cut open und b100d coJ.1ectod into m:m.J.1 glo.ss tubos.

Lf'tor centrif'ugation tho serma wo.s pipotted of'f' und ~ho co11s

1ysod by adding dostiJ.1ed ,..o.ter.

The honoG10bins woro anaJ.ysodby t11.o uGo.r gel oJ.octropllorosis

o.t pE 7.2 describod by Sick (1965). Go10ctod spociDens "loro

0.1130 o.n0.1ysod by t110 conbinod sturch o.nd nGar goJ. eJ.ectro

phorosis o.t pH 9.0 doscribod by EoJ.10r (1966). Tho honog10bins

W'oro o.J.,,,o.ys Ul1.a1ysod wi t11.in 24 hours t und usuaJ.J.y uithin 12
hours f'ron sunpJ.ing, nnd part of' tho natori0.1 wore roanaJ.ysod

o.f'ter ono or two do.ys, Sono honog10bin specinons woro o.J.so

frozen and 1ater rean0.1ysod o.t t11.o Inotituto of Iiarino nosoo.rch

in BorGon. Tho honoG10bins were 13 tainod by Al:lidobJ.ack 10 B.

All sanplos f'ron tho Barent·Soo. wore col10ctod and nnalysod

during 0. cruioo by n/v IG.O.Gars" in NOVOI:lbor 1970 o.nd

tho so.nplos fron IcoJ.o.ndic lIators 1i1::owiso in l ...ugust. 1971.

Fishing 10c0.1itios, dopth, date of' sunpling and nuobor of'

spocinens in oo.ch sanpJ.o o.ro J.istod in Tab10 1, und f'ishing

J.oc0.1iti.05 are 0.1.50 ohown in Figs. 1 und 2.

AJ.J. rodf'ish spocinon wero separo.ted oorphoJ.ogically i~to

Sebasted viviparus (bac!~..ard di.rocted antorior pro-o?crcu10.r

spine (J...ndriiaahov 1954», Dento-l.~ type t a~..r::~.:::;.'.E .~ type

and intornodiateo (o.ccording to tho cL'ccri.bt:iC':i.1 by ?r.::::.vi:n.(1951) ,

and sopo.ration by I:lorphology ,..aa cO::'!P':~'·JG. 'r.,n tho roc~L'ts

frOn t110 hoooglobin n.."'la1yses. TotQ..L lcr.Gt~l.~ u:Jua11.y C.lDO

SOJe und aGe, l1oro rocordod for tho :finr,:,oD of' uhich bJ.ood

was oo1.1.ectod.



l1ESULTS

HEHCGLOBIIJ TYF2S OF :l2DFISr::: FROH TI-lE DJ.l.a~llT SU- --- -

Aoonc; tI1e' snopleo :fron the Dnrent S on '\lere f'otL"ld tuo L"1nin honoc;lobin

pntterons, Fiß. 3 • Tho f'irot pattern occurrod in specinens

\vhich according to Travin (1951) lYere of' the nentolla typo. In

naox':'ß'el at pI-: 7.2 thio' pnttern OhO\lOd a stronß' but ro.thor di:f:ftwo

unodic noving' cOOpollent, nnd ono 'lVoal:: conponont stnyed neo.r 1:=ho

origin. By conbined stnrch und ngnr GoI olectrophoroois at pR 9.0
tho stronG conponont ShO\lOd hiß'h n..,··lOdic nobility i tl'lO 'lVen1:: conpononts

i

also ShOl'lOd nnodic oobility uhilo ono vory lloal:: conponont novod

slißhtly tOlvnrds the cnthodo. This pnttorn was tontatively oallod·tho

nontclln pnttern.

• The second pnttorn uns i'oUnd in spocinens norpholoG'icully detoroinod

to be oi' the I:1nrinus type, nnd Gonsequontly lvns cnlled tho pnrinus

po.ttorn. At pli: 7.2 0.11 cooponents l:lovod tOl'TOXds the co.thodo, ~ tl'lO "Ivon1::

conponents ShOl'lOd tho hiallest I:lObility, und orte strong componenrt:nioved

only slowly. Individual vnriations "Ivcre indicatod in strenGt~ und

occurrcnce o:f tho tuo l'TOn1:: conponents ~ but this varintion "Ivns not

clonr onouGh to :forn tllO bnois of' cloar-cut clnssif'icntion 0:t: tho

rpecinons. At pli 9.0 tno s tronß' cooponont of' tee I:1D.rinus po.t torn

novod slowor toW'nrds tho nnodo thnn the' stronG' conponont of' tho

i:lO.ntelln pnttorn. Also in the nnrinus pnttorn ,vns soon t,vo "I·TOo.!:: cor.1po-
I ,

nonts, ono "l1ith intornodinto anodic nobility and ono ldth Sl.:l.c3'Ilt

co.thodic I:lObilit}·,

•Ono Sebnstes viviparus :fron tho Dnront Gon (snt~plo 1) snowod tho

SD.r.10 honoß'lobin pntterns 0.0 invidunls o:f the narinus type.

Sono spocinens possossed norpholoßicnl cl~uractoristics both of'

nnrinus and nontello. typos. Tllis uns oJ:pocinlly ovidont o.t 0110

locnlity on tho lJoruoginn const (onnple ß) ol:.ore tho Grontor pnrt

of' tho spocinens l"lore'recorded as such lIintornodintos" (Seestnd,

unpublislwd). HOlvover, llith no o.=::ceptions all thoso spocinons.. ShOllTöd

tho nnrinus henoGlobir- pnttern.

The nnnlysed specmons variod in lenG'th fron nbout 15 to ho cr.1,

und both honoglobin pnttorns lvcre obsorvod o..n.ong thc snallor ns

"11011 as anonß' the grontcr spocioons. Consoquontly, no indicntions

of' ontocronotic vnriation :i...'"'l hOI:J.oGlobin pnttorns l'lOrO f'ound in. redf'ish.



The hecocrlobin pattern could be recocrnized also a~tor ~roozing
'j

und thawincr o~ tho heI:loJ.ysato, but the cloarost patterns ,..ras

obto.ined \'li th f'resh naterio.l. ',; post· nortOI:1 va.riation, except
that tho tot~l patter~s bocame dif'rllse., could be observed a~ter

prolonged storage in thc re~rigerator.

Thc distributions of' the t,..ro dif'f'erent po.ttcrns in thc So.Llpl~s

f'ron tho Ba.rent Sea are shOlm in Table 1 (sonple 1 - 8). The;

nentella pattern l·ms f'ound Dost f'requcnt1y in the o.rea bet,..rcen

Beo.r Islo.nd und Spitsbercren nnd were ro.re in the eo.stern po.rts

o~ the Do.rent Sea and neo.r· the Nor1wcrian COo.st. Doth wore ~ound

togothor in tho sa.r.lO ho.ult, but nentella occurrod noro ~roquont1y

in doeper l..ro.ter. This is in o.ccordo.nce l..rith tho cr0110ral o.ppe.a.renco

• o~ tho I:lOntella typo o~ rod~ish ~or instunce f'ron the describ

tion o~ Travin (1951).

IIEHOGLOBIN TYPES .QE. REDFISII FROH ICELAUDIC llATERS

Sioila.r nentello. ro~d no.rinus henoglobin po.tterns occurred aopncr
I

red~isll so.oples ~ron Icelo.ndic waters o.s in ~he so.oples f'ron the

Barent Sen. In sone spec1nens 0. nodif'1ed no.rinus pattern occprred Q

This pattern ShOl..rod an oxtra cionponent.which in o.gar gel at plI 7.2
•

noved slicrhtly tOl'1ards the anode; and in conbinod starch o.od~

ago.r gol olectrop11oresis at plI 9.0 noved towa.rds the anode with

0. nobility crroater thon tho coccon strong cooponent of' tho T.lentel1n

po.ttcrn.

Tota11y 88 spocioens of' sa.mp1e10 and 19 specinens of' sanp10 11

,..rhich wero supposod to be .§.. 'viviparus ~ron thoir bacI~'1ard

directed"preoporcula.r spines, 0.11 showod ono o~ the ~,..ro narinus

patterns.

Few ocntel1a pattorns l..roro i'ound in Idolandic waters. llest o~

northorn Iceland (saopl0 11) wore i'ound tl~o~ spocinens out o~

159 1'1111ch showed the nentel1a' po.ttern, and the f'ishes 1..rh1ch

possessed those patterns were easily d1stinguished norpll010crica11y.

liest of' Roylcjanos (sacple 10) wero i'ound no nontol1a po.ttorns,

and on tho Icoland .:::. Faoroo Ridge (snopl0 9) l11'ero i'ound 9 nentella

po.tterns out o~ total1y 38. spocioons o In this sanple all but one

a~ the sno.11er :fishes (9':13 co) showed tho 0011-to11.a pattern;
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nnd nl.so 'thx 00 f'ishoo Oobout;( 40 cu in length; showod 'this pa't'torn.

'Hoyey.c.:r:, in con'trao't 'to all o'thor oaI:lplos i I:lorpl1.010gical dif':ror-.
onsia'tion of' 'thc f'ishös shouinß tho dif'f'eren't heooßlobin 'types

was nearly iopossiblc, cven f'or 'tho erca'tor specincns.

'.Four specioons, 't";o in oach of' sonplo 9 and 10, Sh01rcd a hooo":",
IGlobin pattern uith both tho cooponent of' nentella ond narinus

'pat'torn; Fiß. 2. Horphologically theso f'our spociriens could

no't bo distinßUished f'roo 't110 narinus 'type; bu't bocause tho

pa't'torn indica'tes hybridizn'tion betuoon individuals uith

dif'f'oront heooglobin typoo; this pattern tentatively uas cal~ed

tho "hybridll pa'ttern.·, Tho f'ishos uhich show'cd this pat'torn

raneod in lcngth f'ron 36 to 45 cn••
DISCUSSIOIT

•

The cooposi'tions by acino acido of' the'proteins polypeptide ~hains

tl.."'1.d consequontly 'tho elec'trophoret:ic nobility of' 't11c protcinq

nr.e controlled by C'eno'tic f'actors (lIam·;roll a..'"1d Bolcor 1970) 0 Tho
olec'trophorctic pa't'torns of' i'ioh heooglobins uoually aro spocios

spccii'ic, illustratcd by 0..0, Tsuy;lici ~~. (1968) ,jho doscribed
.' I

specics spocif'ic eloc'trophoro'tic pa't'terns of' hoooglobins of' ~ß

speoios Pacif'ic Ocean Scorpaonidao. Intrnspocif'ic varia'tions of'

honoglobin patterns, controlled by co~docinant alleles, have .boon

dcocribcd f'or soveral'spocios (sec dc Lieny 1969 f'or ref'erendos) •

In o'thor spocios; 0.,0, saloon (I~ock, Bergs'troo tl.."'1.d Evn...'"1s 196q)
nnd horrL"'1.ß (lIilkins and Iles 1966) in'traspecif'ic varia'tions 'have

boen observod to bo connoe'ted wi'th on'togony. Also varia'tions

duo 'to ehnnßos in henoglobL'"1 cooponon'ts af'tor prolonGod stor~eo

~:r saoples have beon deseribod :for sevoral spocios~ but thos~

usu0.11y variations aro f'ound in thö einor hoooelobL'"1 coi:tpono~'ts

(Siel:: 1965, Hollor nnd Hmvdal 1969, TsuyuIcl .Q.E..Q:1. 1968, lJrovdal 1968) 0

IToi'ther on'togono'tic varia'tion norpos't oorton changos Ctl.."'1. aecount

f'or 'tho oboorvod patterns of' redf'ish hoooß'lobins, because tho tuo

COOI:1on pat'torns woro obsorvod in f'ishes rtl..'"1eing f'ron loss than

10 co 'to ooro 'than lto 00 in long'th~ and 0.11 spocioons 1..roro eivon

tho sano' treatoent nnd a1l ,rcre nnalysod uithin 21;. hours :fron

sonpling, Con'trol specioons did no't ohow w~y najor 'cllanGo in pa't'torns

evan a:ftor tuo or thrco dayo in ref'rigcrator or after f'reozine

nnd vhm·d.n.e.·
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SCß'rcgatiol1. of:' tlvO, eO~dOL"1inant a1.J.cJ.ol3 l'lith:i.n 0110 I3pocicl3 cou~d

produeo throo patterna J.llce tho nain pntterns obs~rvcd (thc nonteJ.J.a

ond, mar:lnul3 patterns as hocozygotol3 nnd tho i'hybridlt pattern ~13

hotoro~Yßotc). lIoW'ovor, aecord:i.ng to tho Hardy':Uoinbe;a;a J.al'l tho

hypothriticaJ.'hbtorozYGotc (horo tho "hybrid" pn.ttorn) shouJ.d 'thon

\bo oxpoetod to oeeur DUeh core f:'requontJ.y than obl3erved. It therof:'oro

130ens unJ.ikJ.y that honogJ.ob:ln variation lv:lthin 011.e spec:lcl3 ean

necount f:'or these pattcrnl3. nut tho nodif:':i.od narinus pattern::in

redf:'ish f:'ron IcoJ.nndie lntters oay be noroaJ. :intraspecif:'ic variation~

probabJ.y ß'enoticaJ.J.y controJ.J.ed.

HOlvovor, the tuo CODr.lon patterns oay bo expJ.ainod by assuning that

tt the ocnte1.J.a and oarinus types of:' redf:'osh reaJ.J.y boJ.ong to

dif:';f'erent spccioo, oach with thoir own henogJ.obin pattorn. Thc

,"hybrid" pattorn nay bo duo to oecaoionnJ. hybridizo..tion betw~en

individuaJ.s of:' tho two spocioo. Tho eood agrcooont, except :in

oo..opJ.e 9, betuoen tho resuJ.ts f'ron thc anaJ.yoos of: hcooeJ.obins and

oorphoJ.ogicaJ. di;f'f:'erenciation strongJ.y oupport thc thcory of:' two

specios. Four hybrido out of:' nore than 650 individuaJ.o do not

show thnt tho tuo typos are conspecif'ic, beeauso hybridizati9n

botlvoon roJ.ated speciel3 is not uncODr.lon noong f:'ishos. According to
t

a socond thoory tho "hybrid" pattorn nay roprooont an intrti.spocif:'ic

variant of:' tho narinus typo. This toory is supportod by tho fact

that tho f:'our spocinens ~ith the "hybrid" hcootiJ.obin puttern could

not bo distinu~shed norphoJ.ogieaJ.J.y f:'ron t~o narinus typo ••AJ.though tho nentoJ.J.a nnd narinus type of:' rodf:'ish soeo to represent

dif:'f:'erent specios with onJ.y occasionaJ. intorbrood:lne,in the Barcnt

Sea nnd IceJ.nndic unters, the possibiJ.ity stiJ.J. exeist that'the

two types nay be connected tllrough interoediate popuJ.ations in

ot~or arens. A def:'inite conoJ.usion nbout tho specios of red~ish in

tho North J.:tJ.nntic can theref'ore not be drown ll."'1tiJ. so..opJ.os havo

been coJ.J.ected :f'ron the totaJ. goograpl1i.c range of:' the redf:'ish.

IIowever~ the oarinus and nenteJ.J.a types of:' redfi.sh sureJ.y roprossent

dif:'f:'cront gene pooJ.s with a nininun oxChango of:' genotie nateriaJ.,

nnd thoy thorcf:'oro shouJ.d be troatod as separato units L"'1 nnnaaoeont

of' tho IJorthons t 1.. tJ.nnt:i.c f:'i.shor:i.os. In addit:i.on both tho IaonteJ.J.a

nnd tho r,larinus -types no.y bo coeposed of:' m:m.J.J.or units (populations,

stoe!: unito) as eJ.n:luod by 0.1>0. S:i.ndoronIll1. (1961) und YanuJ.ov (1962o..~b)

in thoir studios of:' pnrasitos nnd ooristic cho.ratoristics.
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Tho fact that Sebnstes viviparus showed the carinus hecog10bin

pattern has no effect upon this conC"1usion.'"Sebastes vivipärUS

doubt1ess isa "goodll species (Andriiashev 1954~ Trout 1961)', ond

two rolated spoc!os l:lay hc.ve swilar hoooglobin structure, l~hi~e

others differ widoly.

SUHHARY AND CONCLUSION

IIocoglobins 01' 225 spocicons 01' redfish :frou the Darent Son

und 357 specimens from Icelandic waters were unnlysed by

• oloctrophorosis to soarch for gonotic dif'ferences betlleen t~e

oorpllologica1 nnrinus und mentella typos. T1~0 oain hemoglobin

patterns wero COI:lDonly found", one characteristic for rodfiS~l 01'

tho nentella type nnd one characteristic for tho narinus type.
:

Spocioons 01' Sebastes viviparus showed the nnrinus hecoglobin

pattern. l.forphologicnl 11 internodintos 11 showed the nari:.llus pattorn

in the Barent Sea; while sooo specioens ,n~ch showed the centella
,

heooglobin pattern but could not bo soparated oorphologically,
:fron the narinus type were rocorded in the Icoland~aerbe Ri~ge area.

Four spocioons showed a heooglobin pattorn which indicated_llybri

dization botwoen individuals with dif:fornt heooglobin pattorn.

Tho resu1ts indicato that Sebastes'oentella Travin is a spocios

• distinot from"Sebnstes Mnrinus (L~, possibly with occasiona1

intorbroeding'. IIowever, :for :final conc1usi.on about tho spocios

01' redfish in tho North At1~~tic samp10s Imvo to bo c011ected

froo the tota1 range 01' tho redfish's distribution.
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1t"'.t... arm'l s '-' :)<1 anc..:. .Lee _8 "'lG.J..c 1-ra ",,0::'8

Ganple no, locality und Dopt:':. L:ontcllc.- l:~n.ri:'2:.lo- otl:cra ISUl:1

date of' G ar.:pl i:l;'~; 1:1 nattern '!Ja ttcr:1. I

1 71
0

15'lT, 200001~~

ITov. 7, 70 200 - .30 - JO

2 75°1:-0 'IT , 16°50 '.j

ITov. 10, 70 J50 i.~o - 1~0-
3 76 0 Jo'lT, 13°50 ':.1:;

e ITov. 12, 70 200 6 2I~ JO-
1:- 76 °5G'H, 120JO':~

ITov.12, 70 I.lOa 20 20- -
5 73°00'IT, 33°1'" ,-,,~ -"

Eov. 17, 70 210 2 10 20-
6 71 0 00 ' lT, ':lZ,°1'2'""..,;.~ i- ...;:.,

lTov.19, 70 200 " 15 25J -
7 71 0CO'lT, 20.°0'''''--':/ 0 ..J

lTov. 19, 70 210 5 55 60-
n 71 0 20'lT, 2Gol~0':~u

e ITov.20, 70 150 100 100- -
ri'o tal , 3nre:E.1.to :::lea 79 21:.6 225-

9 Glt°')O'F 12036'~J.... . ,
LUG. 10, 71 236 " ') ~J 2 30>' k,

10 63°20 1lT, 2.5°00' ~J

Aug.1J, 71 JOO 1 ~n 2 160- .... u

11 65°JO 'IT, 2t::o~""I"-ru ., I

1'..ug.16, '71 200 J 156 159-
':.'0 tal , Icclandic uatorc 12 3h1 /. 357,
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Fig. III. Outline of hemoglohin patterns in redfish obtained by

agar gel electrophoresis at ~I 7.2 and combined starch and agar gel

electrophoresis at ~I 9.0. Legend: Filled in bars: Strong bands.

Hatcl1ed'''bars: Moderately strong bands. Single lines: Faint bands.

Arrows indicate the points or applieation.
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