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INTXIODUCTION

Lundbeck (19@0) claimen that besidws tike common redfish, Sebastoes
marinus (L.), there excist a deep sca type in the Bear TIsland areca and
‘on the Icelahd-Facroo 2idge. Travin (1951) described the decp sea
redfish from the Bear Island arca and tho Baronts sca as a new species,

Scbastes montella Travin, This species profere decper water and

somewirat: higher  temperature than S.marinus, although they also occur

sympatrically., S. mentella is characterized by a beak on its lower jaw,

and this speciles possess a greater cye-diameter, grows slower, and reach

..a smallexr total length than §_. marinus, The colour of mentella is

Phrirht red and of marinus usually orange-rod
O e o

Andriiachev (195&) and Tomplcman‘(1959) rostricted Scbastes mentella
to the status of a subspocies, S. marinus mentella,because the

differences between marinug and mentella werc not clecar cnough to
Justify them as two distinct specices, A,0, Tompleman (1959) found that
rnentella was not restricted to the Hortheast Atla.ntic“, but was common
also in the llorthwest Atlantic, and in most localitics herc occurred

in grecater quantitices than marinus.’

By meristic, morplionctric or morpholgic mctods clear—cut separation
of redfishoes into marinus and nmentella groups has been difficult
(Kotthaus 1961, Tomploman 1959, Kelly, Baker and Clarke 1961), A groat
proportion of tho spocimenis poscssced the characteristics of both groups

in a varying manner, Ilowcver, genctical difforences between tho two
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groups wore suggestod by Tompleoman and Sandeman (1959) who found great

differencos betwoen marinus and mentella types in relative occurrcnce

of caudal melanophorces of pre~cxtrusion larvag.

Yanulov (1962 a) found significant differences between the two types
in infestation ratec of various parasites in parts of the NHorthwest
Atlantic,

‘ irruno~diffuison techniques, photron-rofloctometric measurcmonts and
two soparate riothods of chromatography 0!Rourke (1961) found cvidonce
for biochemical specificity of the two forms to such a degrep that they
could be considercd as two distinct gpecices, Similary Schacffer (1961)
found that the two typos differed significantly in contont of certain

frce amino acids and total nitrogen content in muscle tissue.

In a serics of papors (Altukhov et al, 1968, Altulzhov and Hefyodov 1964

Altukhov, Nofyodov ond Payusova 1968, leofyodov 1969) dealing with

thoe redfish problem, wero described differences in muscle tormostability,

and also differences in froeoquencies of some polymorphic serun proteins

characteristics (haptoglobins, albumins, - and —~ globulins) betwcen

sanples of marinus and nentella types from tie waters between Iceland
'.1d Greenland, showing that the analysed samples wore not dré.tm fron

onc horiogenous population,

In the present paper differences in clectroplioretic nobility of
hemoglobins of tho two types of redfish arc described, and the results
are discussed in relation to their significance on the systematic and
the management of the rodfish, Desides hemoglobins, total serun and
rmucle proteins, scorum and muscle esterasc, lactate dechydrogenase and
aspartate aminotransferase were analysed by clectrophevasic,

The result of theso analyses, however; wore not very cciiclucive,

and arc oniltted in the present report,



HATERTAL AITD HETIICDS

Nedfish for blood sanpling was ocaught by,.bottor, tihwl, Blood was
obtained by a syringe from the hicart rogion or the fish.

was cut open and bloed collected into small glass tubes,

Lfter centrifugation the serum was pipetted off and ?he cells
lysced by adding destilled water, .

The hemoglobins werc analyscd by the agar gel electrophoresis
at pI 7.2 described by Sick (1965). Selected specinmens were
also analysocd by the combined starch and agar gel oléctro—
phoresis at pl 9,0 described by I®ller (1966), The hemoglobins
were always analysed within 24 hours, and usually within 12
hours from sampling, and part of the matorial were reanalyscd
after one or two days,; Sonmc hemoglobin specimens were also
frozen and later reanalysed at the Institute of liarine Nescarch

in Bergen., The henoglobins were stained by Amidoblack 10 B,

All samples from the Barcent -Sea woere collected and analysed
during a cruise by R/V "G,0,Sars" in November 1970 and

the samples from Iceclandic¢ wators lilitewise in August 1971,
Fishing localities, deptl, date of sampling and number of
specimens in cach sample are listed in Table 1, and fishing

localities arc also shown in Figs. 1 and 2,

411 redfish specimen were separated nmorphologically into

Sebasted viviparus (backwdrd dirccted anterior pro~cpercular

spine (fLndriiashev 1954)), mentella - type, moarioaas « type

and intermediates (according to tho daceribtion by Travin(1951);
and separation by norphology was comnasrud Lo the reculis

from the hemoglobin analyses, Total lerngtii, usually also

sex and ago, were recorded for the fishws of which blood

was collected,



RESULTS

KEISCGLCBIN TYEDS OF DTDRISL FROM THE BAQSIHT SZEA

Anong the samples from the Barent Sca were found two main homoglobin
pattorens, Fig, 3 ., The first pattern occurred in specimens

*which according to Travin (1951) werce of thie mentella typec. In
agar—gel ot pE 7.2 this pattern showed a strong but rathor diffuse
anodic moving component, and onc weal: componcnt stayed ncar the
origin, By combined starch and agar gel clectrophoresis at pﬁ 9,0

the strong conponent showed high anodic mobility; two weal: cpmponents
also showed anodic mobility while one very weal: conponent roved
slightly towards the cathode, This pattern was tentatively o@lled-tho

nentella pattern,

The sccond pattern was found in specinens norphologically determined
to be of the marinug type, and conscquently was called the narinus
pattern, At pli 7,2 all components moved towards the cathode,}two wealz
conponcnts showed the highest mobility, and oric strong compoﬂeﬂt*doved
only slowly., Individual variations were indicated in strongth and
occurrence of the two woal conponents, but this variation was not
clear enough to form tie basis of clear-cut classification of the
gpecinens, LAt pli 9,0 thio strong component of the marinus pattern
ﬁoved slower towards thie anode than tlie' strong conmponent of tho
ﬁentolla pattern, Alsc in the marinus pattern was scoen two wéa; éompo—

honts; onc with intermediate anodic mobility and one with slight
cathiodic mobility,

One Sebastes viviparus from the Barent Sea (sample 1) showed the

sanie honmoglobin patterns as inviduals of thie mardinus type,
Sore specimens possessed morphological clinracteristics bothh of

narinus ond nentella types, This was expecially evident at one

locality on the lorwegian coast (sample 8) clhiere the grcecater part

of the specimens werc recorded as such "intermediates" (Smestad,
unpublished), However, with no exceptions all these specinens..showad
tho nmarinus hemoglobin pattern,

The analysed specinens varied in lengthi from about 15 to 40 cmy,

and both hemoglobin patterns were obsorved among the smaller as

well as among the greater specilmens, Consequently, no indications

of ontogenotic variation in hemoglobin patterns were found in redfish,



The hemoglobin pattern could be recognized also after freezing
and thawing of the hemolysato, but the clearest patterns was

obtained with fresh material, '~ post nmortem variation, cxcept
that the total patterns became diffuseg, could be observed after
prolonged storage in the refrigerator. :

The distributions of the two diffcrent patterns in the sampl?s
fron the Barent Sca are shown in Table 1 (sample 1 = 8). The
nentella pattern was found mést frequently in the area betwoen
Bear Island and Spitsbergen and were rare in the castern parts

of the Barcnt Sea and ncar the Norwegian coast, Both were found -
together in the same hault, but mentella occurrecd nore frequently
in deceper water, This is in accordance with the gencral appeﬁrcnce
of the npmentella type of redfish for instance from the describ-
tion of Travin (1951).

HEMOGLOBIN TYPES OF REDIFISIH FROM ICELAIIDIC VATERS

Similar mentella and marinus hemoglobin patterns occurred among
redfish sanmples fron Icelandic waters as in the sanmples from:the
Barent Seca, In sone specinens o nodified nmarinus patfern occurred,
This pattern showed an oxtra component .which in agar gel at ﬁH 762
noved slightly towards the anodej; and in combined starch amdi

agar gel clecctrophoresis at pH 9.0 moved towards the anode with

a nmobility greater than the cormon strong compgnent of the nentella

pattern,

Totally 88 specimens of samplel0 and 19 specinmens of sample 11
which were supposcd to be S, viviparus from their baclkward
directed - preopercular spines, all showed onc of the two narinus

patterns,

Fow mentolla patterns were found in Icelandic waters, Veét of
northern Icecland (sample 11) were found three specirens out of

159 which showed tho nentella pattern; and the fishes which
possessed these patterns were casily distinguished norphologically,
West of Reykjanes (sample 10) were found no nenteclla patterns,

and on the Iceland — Facroe Ridge (samplo 9) weroe found 9 nientella
patterns out of totally 38 spececinens, In this sample all but one
af the smaller fishes (9-13 cn) showed the mentella pattern;



ond also thrcc fishes about{ 40 cu in longth) showed this pattern,
However, in contrast to all other sanples; morphological differ-
ensiation of the fishés showing the different hemowlobin types

was nearly inmpossible, oven for the greater specimens.

;Four speceinens, two in each of sample 9 and 10, showed a hemoﬁ

‘globin pattern with both the component of mentella ond narinus

:pattorn; Fig. 2, Morphologically these four specinens could
not be distinguished from the marinus typo; but because the
pattern indicates hybridization between individuals with A
different hemoglobin types, this pattern tentatively was calloed
the "hybrid" pattern,  The fishes which showed this pattorn
rangoed in leongth from 36 to 45 cn,

DISCUSSION

The conmpositions by amino acids of tho proteins polypeﬁtide chains
and consequently the electrophoretic mobility of the proteinq

ﬁre controlled by genetic factors (Manwell and Baker 1970), fho
clectrophoretic patterns of f£ish hemoglobins usually are spoéies
spe01flc, illustrated by a.o, Tsuyuki et al. (1968) who degcrlbed
species specific eloctrophoretic patterns of nemoglobins of 28
species Pacific Ocean Scorpaenidae, Intraspecific variations of
hcm&globin patterns, controlled by co~dominant alleles, have been
described for sceveral-gspecies (see de Ligny 1969 for referenéos).
In other spocios; a,o0. salmon (Kock, Borgstrem and Evans 1966)

and kerring (Vilkins and Iles 1966) intraspecific variations'havo
beon observed to be connected with ontogeny, Also variations

due to changes in hemoglobin components after prolonged stor@go

of samples have been described for scoveral species, but thesq
usually variations are found in. thic minor henoglobin coépone@ts.
(sick 1965, Moller and llevdal 1969, Tsuyulki et al, 1968, Movdal 1968) .

lleither ontogeonetic variation nor post mortem changos can account

for the observed patterns of redfish hemoglobins, because the two
common patterns werc observed in fishes ranging from less th

10 cnm to more than 40 cm in length, and all specimons were given

the saro-treatment and all were analysed within 24 hours fron
sanpling, Control specimens did not show any major change in patterns
even after two or three days in refrigerator or after freezing

and thawing, '



Scegregation of two co~doniinant alleles within oneo spocies could
produce threoe patterns lilke the main patterns obsorved (the nentella
and marinus patterns as homozygotes and tho "hybrld" pattern as
hoteroéygoto). Ilowover, according to the HardyAUeinberg law the
hypothétical'héterozygoto (nhore the "hybrid" pattorn) should then

abo expected to occur rmch more frequenfly than observed, It therofore
secns unlikly that henoglobin variation within one specics can
account for these pattorns.'But the modified parinus pattern din
rodfish from Icelandic waters may be normal intraspecific variation;

'probably gencetically controlled,

Howover, the two cormon patterns may be explained by assuming that
e nentella and nmarinus bypes of redfosh really belong to |
different specics, oach with their own hemoglobin pattern, The
"hybrid" pattoern may bo due to occasional hybridization between
individuals of the two species, The good agrecemont, except in
uample 9, between the results from the analyses of hemoglobins and
rmorphological differenciation strongly support the theory of two
species, Four hybrids out of more than 650 individuals do not
show that the two types arce conspecitfic, because hybridizatiqn
botweon related species is not uncommon anong fishes, Aécording to
o scecond thecory the "hybrid" pattern nmay represent an intraséecific
variant of the marinus type. This teory is supported by the fact
that the four specimens with the "hybrid" hemoglobin pattern’could
not bo disgtinguished morphologically from the marinus typo.

Although the mentella and marinus type of redfish seem to ropresent

different species with only occasional interbreeding in the Barent
Sea and Icelandic waters, the possibility still excist that the
two types may be comnected throu@h intermediate populations in
otheor arcas, i definite conclusion about the species of red€ish in
the Horth Atlantic ocan therefore not be drawn until samples have
been collected from the total geographic range of the redfish,

However, tho marinus and nientella types of redfish surely roprGSSent

different gene pools with a minimum oxchango of genotic material,

and thoy thorefore should be treated as separate units in managoment
of the Northoast Atlantic fisheries., In addition botlhr the mentella

and theo marinus types noay be composed of smalloer units (populations,
stoclz units) as claiucd by 2.0, Sindermann (1961) and Yanulov (1962a,b)
in their studies of parasites and meristic charateristics,
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The fact that Sebastes viviparus showed the marinus hemoglobin

pattern has no effect upon this conclusion, Scbastes vivipafﬁs

doubtless is a "good" species (Anariiashev 195%, Trout 1961y, and

two related spec:ies may have similar henoglobin structure , w:'hile

others differ widely, .
‘ !

SUMMARY AND CONCLUSION

Hemoglobins of 225 specimens of redfish from the Barent Sea
and 357 specimens from Icelandic waters werce analysed by

. elecirophoresis to scarch for genetic differences betwcen the
norphological marinus and mentella types, Two main hemoglobin
patterns were cormmonly found, one characteristic for redfisﬂ of
the nentella type and one characteristic for the marinus tybe.
Specimens of Sebastes viviparus showed the marinus hemoglobin

pattern, Morphological "intermediates" showed the marinus péttern
in the Barent Sea, while somec specimens which showed the mentella
hemoglobin pattern but could not be separated morphologicaliy ’
fronm the marinus type were recorded in the Iceland—-Faerde Ridge arean,
Four specinens shbwed 2 hemoglobin pattern which indicated’hybri~
dization between individuals with differnt hemoglobin patterh.

The results indicate that Sebastes mentella Trovin is o spebies

‘. distinot from-Sebastes Marinus (L), possibly with occasional
interbreceding, However, for final conclusion about the species
of redfish in the North Atlantic samples have to be collect?d

from the total range of the recdfish!s distribution, ;
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Distributions of Lemoglobin patterns in

Jarents Sepa and Icelandic waters
Sample no, locality and Leptbis rentella- mairinus- othiers Sum
date of sawmling n nattern nattern

- 71°151r1, 20%012
ilov, 7, 70 200 —_ 50 — 3C

2 75%gur, 16%s501
Tov, 10, 70 350 50 ~— - Lo

3 76%°301ur, 13%s50':
® Tov,12, 70 200 5 24 . 30

i 76%°5811, 12%301
I'ov, 12, 70 400 20 . . 26

5 73%o0tr, 33%L51:
iTov.17, 7C 213 2 18 . 20

6 =71%0mur, 34213
Tov,18, 7C 200 ) 13 . 25

7 71%c1r, 20%0810
ilev.15, 7C 218 5 55 . 5C

8 71%o0r, 26%o01:
® ITov,20, 7C 156 . 10G . 100
Total, 3arents Sea 79 216 . 225

¢ 5L%20r, 12°36'7
faz, 106, 71 258 3 2 2 38

12 63%2011, 25%08177
| hug,13, 71 360 . 150 2 160

11 65°381r, 28°%L7r
Ltug,16, 71 280 3 156 . 152
Total, Tcelandic wvaters 12 3l Il 357
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Fig. I. Sanpling localities of redfish in the Barents Sea,
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Fig. III. Outline of hemoglobin patterns in redfish obtained by
agar gel electrophoresis at plH 7.2 and combined starch and agar gel
electrophoresis at pl 9.0, Legend: Filled in bars: Strong bands.
HatcHed bars: Moderately strong bands. Single lines: Faint bands.
Arrows indicate the points of application.



