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ABSTRACT

The thermostability of isolated muscles was studied
in more than 1000 speciemens of the 'marinus' and 'mentella®
types of redfish from the North-West Atlantic. These forms
were found to differ in the examined feature, the higher
level of which is characteristic for the 'mentella’ type.

Thermostability of 1solated muscles is specles-specific
criterion for poikilothermal animals; in this connection is
possible to conclude on taxonomical range of the differences

between the 'marinus' and 'mentella' types of redfish.

open up to now. V.I.Travin (1951), for example, had deascribed,
according to morphologioal characteristics, the mentella as an

independent specles Sebastes mentella Travin, ~ whereas

A.PoAndriyashev (1954) classified it as a subspecies -

Ssmarinus infraspeoies mentella Travin. Other researchers

also prefer to speak of different subspecles and even "types"
of redfish (see, for example, Kotthaus, 1964).

At the same time the essential peouliarities of the mari-
nug and pgentells types of redfish can be traced down not only
in their morphologilcal characteristics, but also when we sube-
Jeot them to bioohemical and immunologioal studies (Schaeffer,
19615 O'Rourke, 1961). Hence it seems expedient to seek For
divergencies in North Atlantlo redfigh also according to a
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number of other features, whioh nre of a dilagnostical value
in the syatematios of apacles. This report deals with the
results of the analyals of Lhe differentiation of the marinus
and mentella typea ncoording to the degree of thermostability
of 1solated muscle tilmsnn, which has been established as the
species~speoiflic ariierlon Tor the polkiliothermal animals
(Ushakov, 1959 b; Ushaicov, 1964).

Matertal ang Mothods

The study was done af the recearch vessel, the "Sevastopol®
in September~October 1964, and repeated in August 196% in North-
West Atlantioc. The Plrces where the samples were taken are
shown 1n Fig.1. ‘The orparvimsental pattern boiled Aown to detér-
mining snd comparing, sccording to Ushakov's method (1959b);
of thermostabiliiy of fsolated muscles (m.genlo-hyoldeus) o2
the redfish 1ifted 1n tinwis.

The musole, of apeoimensg were attached to thin glass rods
and inserted into Dewar vessels, filled to one-third with
Ringer's solution heated within + 0,2% precision., From time
to time the muscles wore taken out for several seconds and
tested for the excliablllly of tissues to inducted electric
current from a transistorised stimulator with a maximum voltage
of 130V (Arzumanov ani Kusakina, 1960), Ths time for which
the tissue preserved excliability, since the moment 1t had
been immersed in the heatedq solution up to the complete ab~-
sence of contraction even Iln the filaments the most resistant
to the aotion of bheal, norved as Lhe measure for thermostabi-
lity. Resenroh wns done ni n number of experimental tempera-
tures (24,26,20 and 30") and at one experimental te%perature
of 28°C, whlch provided tha opportunity to analyse the inter-
and intra-populatiion varlabllity of the feature. 1,023 expéri-
ments on determining the thermostability of the isolated

muscles of redfish have been carried out,
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Regul Lo

The results of the determination of the thermostability
0o the muselaes of the vedfiah from the area of Iceland at sev-
aral axpavimental Lempoaratures are related in Table 1 and
Fig.2+ An tha graph ahown, the musole tlssues of the mentella ~
type (stralght 1ine 2) in approximately 2°% more thermally
ntable than ths murole ticauve of the marlnus —~ type (line 1).
The revenlad d)1ffexrenas ia statlstically significant (Table 1)
and 1s qulta In ncoovdanon Lo the differentimtion whioch oan
nanally be obanrvnd whon nwa compare the thermoastability of the
cella of the Laxonomlecally olose speoles of fish and other
polkillothermal antmals, (Kusakina, 1959; 1960; Al tukhov, 1962 a,
b, 19673 Altonkhov and Glushankova, 1966; Ushakov, 1964; Kaufman,
196%).

Jt muat be teken into consideration, however, that nearly
An all the areas of jJoint habitation by the redfish in North-—
West Atlantlo there are caught considerable quantities of fish
with mixed morphologionl chavaoteristics of the marinus and

10 Bt g e

1a ~ types, which are probably their hybrids (Kotthaus,

mente

—r—

=

19”1 ?; Travin and Peachenlk, 1962). In conformity with thise‘
dats, Ltha resmlts of the comparison of the thermogtability of
the mnscle tissue both in the inlitiel forms and in redfish with
mixad characterlatios (fnr convenlience sake we'll be calling
this latter typa the "intermedlary" type) confirm that, this
Intter type is actually oharacterised by an intermediary level
of thearmoatability (Fig.?, )line 3). The statistical data on

the matarial deoes not dlstingulsh any actual difference, in
two onnen, hatwaen the intermedians Lype and the marinus
(temp.24%) and the mentetlla (temp.30?) type of redfish
(Table 1).

lal us now consider the results of determination of the
Ltharmoalabllity of the Lsolated muscle tissue of redfish at
one experimental temperature of 28°%, The characteristics of

Lhe material aludied 1s given in Table 2.
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see
As we(from Table 2 all the studied samples of 'the mentella

type are chaﬁaoterised by a pattern which coincides with the
awerage‘.The amplitude of variability ias the same also, Tris
speake of the lack of inter-populatory ¥ariability ‘according
t§ the given feature and, hence, of the wholeness of the po-
pulation of mentella ~ type redfish that habitates in the areas
atudiéd. A similar picture ie observed also in the case of the
Icelandic and East Greenland propulations of the marinus - type
redfish, whioh, being oytophysiologioally ldentical, differ
tangibly from the mentella -~ type in the thermostability of
muscles. At the same time the marinus - type redfish from

West Greenland is characterised by a specific level of thermo-
stability of muscles, differing in this respeoct both from the
Icelandic~-East Greenland marinus, and from mentella - type
redfish, holding an intermediary position between them.

The Fig.3 shows the sum~up curves of the distribution of
the thermostability of muscles in the marinus and mentella
redfish, and the curve for the intermediary redriahx/. This
data determines that eaoh of the studied kinds of redfish has
its omn peouliar distridution, and that.ror the marinus and _
mentella types it is charaoterised by one-peak ocurves (curves 1
and/iespectively), whereas under cytophysiological analysis of
the intermediary redfish it is bimodal (curve 4). And this
means that in the waters of Iceland, Greenland and Labradoxr,
whers natural hyBridisation takes Place among the redfish forms,
there ias observed either the splitting up acoording to the
studied feature into Fz, or else, the intermediary fish appear
on aoccount of the reverse orossings between the bartially
fertile hybrids Iq with the initial forms.

Of great interest is the ourve of the distribution of the
thermoatability of musoles of the marinus - type redfish from
the West Greenland waters (F1g.3, curve 3), whioh is'a one-
Peaked one and takes, as already mentioned, an intermediary

position, between the corresponding curves for the mentella

x/_Tho problem an the right~hand assymetry of the ocurves
?f th%a kind 1s conaidered by Ushakov and Chernokozheva
1963),
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and marinug - type of redfish from Iceland and East Greenland.
As we see from Table 2, the average life time of the muscles
of the West Greenland redfish (20.0% + 0.568 min) differs from
the actually identical figuras, obtained from the marinus type
from waters of Joceland (13.6 + 0.69 min) ard East Greenland
(14.25 + 0,78 min.), tangibly nearing the level of thermosta-
bility of the muscles of the intermediary redfish (22.7+0.75min).
Thus, the considered experimental material revealed the
existenoe in the explored area of North West Atlantic of four
ceytophysiologiocally different populations of redfish: mentella,

intermediary and marinus, represented, on the one hand, by

the West Greenland, and, on the other —- by Ioelandic and
East Greenland redfish. The hybrid nature of the intermediary
type causes no doubt at all. As for the West Greenland mari-
nus type, the results of cytophysiological analysis also speak
in f;vour of its being a hybrid. Apparently this type of redfish
is a ggg;gg; only in appearance, but genotyplcally is a hybrid
of first generatipn between homozygous fishes of the marinus
and mentella type. |

The biological data obtained by G.P.Zakharov (1962),
which speak of the juvenile nature of a considerable part of
the population of the marinus type in the waters of West Green-
land, are also in favour for such an assumption. The author
in the course of the last 6.7 years, had analysed about 5,000
adult females and arrived at the conclusion that as to the
condition of their gonads they are no different from the
immature marinus type from thefggg—aglggfggzgk

Aocording to the oytophysiologiocal data, cited above,
the marinus and mentella types of redfish have diverged
adequately far apart. Hence the possibility cannot be excluded
that the juvenile nature of the population of females of the
West Greenland mar maripus type is the oonsequence of their hybrid
origin from initial types, between whioh there exists a certain
degree of phyaiologiocal lsolation. This leads to the under-
development of the reproductive syatem of the considerable

rart of the F1, type hybrids, whioh ocannot be outwardly
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disoerned from the marinus - type. This Yiolation, probably,
mostly conoerns the females and, to a lesser degree, the males,
if we assume that they are homogamous.

This data allows to think that the so-called intermediary
redfish come into life as the result of mating between the
initial typea.of redfish with the sexually mature males, and,
pPartially, with the hybrid females of the F1. The pairing and
spawning take place in the ares of lceland, and redfish is
concentrated in West Greenland by means of the bringing of the
fry there by the Irminger, East-Greenland and West~Greenland -
ourrents (Taning, 1949; Templeman, 1959; Zakharov, 1962). We
seem it to be highly probable that the F1 hybride, because of
their un-specifio risen resistance, and, hence, thelr frequency
in West Greenland waters is especially high. It isn't hard to
imagime the natural selective factor x/ _ suffice it to compare
the temperature conditions of the drift of the fry in fhe
waters of the warm Irminger current (4-6°) and in the fjords
where the fry settles down, in the latter case the water tem-
perature 1s clearly outside the toleration level for the red-
fish, going down to 2°, and sometimes to 0° and even lower
(Klerich, .19’15\; Taning, 1949; Dunbar, 1951; Templeman, 1959;
Herman, 1963),

All the above-mentioned may be summed up aé followa:

On the basis of the results of the cytophysiological analysis
and the available data on the biologlical Peculiarities of the
population of the marinus - type redfish from West Greenland,
we suppose that this population 18, to a oconsiderable degree,
represented by sterile hybrids of F1, and that it is formed as
the result of the elimindtion of the fry of the initial types
of redfish which are‘brought from the spawning grounds in
Ioeland and the Banish Strait@tand which encounter the unfa-
vourable low temperatures on some parts of their drift and

in the fjords. It goes without saying that the assumptions
laid down here are only in the nature of a hypothesis which

x7Templeman in his substantial report (1959) relates faots
of the discovery of dead fry and even adult redfish in
t%gjzaters in Weat Greenland.
Cok:
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1s in need of further experimental research. In our other
report we shall supply the biochemical proof in favour of

such an assumption.

Discussion

In the conclusive part of the work let us consider the
Problem of the taxonomic status of the differentiation hetween
the mparinus and mentella types of redfish. In this conneotion
we must mention - besides the already quoted conclusions made
by Travin (on the species type) and of Andriyashevy (on the
sub-species type) of the forms - also the point of view of
two other authors - O'Rourke (1961) and Kotthaus (1961), based
on bilochemical-immunclogical and morphological data, respecti-
vely. '

The opinion of O'Rourke, proposing the analysed type ar:
sibling-species, 1s doubtable, since in their appearanoe these
fishes tangibly differ from one anlother in most parts of
their areal.

Kotthaus (1961) puts forward three possible explanationg
for the taxonomic and Philogenetic relations among the redfish -
1) marinus and mentella types are independent species, connected
by intermediary fish of hybrid originj 2) S.marinus 18 a philo-
genetloally more ancient type, from which the mentella - type
had detached it[self., The process of the speciation has not
been yet terminated, hence the emergence of intermediary forms;
3) the intermediary type is the initial one, and the marinus
and mentella - types are formed depending - on what depth-less
or more - does the fry settle down. Out of the three assump-
tlons, the author considers the first two to be the mosat
probable.

As our research has established, there has been found
one more differentlation between the two types - according to
the thermostability of isolated muscle tlissues, whioh is
substantiated as the ortophysiological criterion of the species,
The discovery of a difference in the thermostability of the
cells of any taxonomically near forms of poikilothermic ani-
mals oan be oonsidered as an important proof of their being

F 10
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an independent species, or as an indiocation that the speciatton
going under our own eyes (Ushakov, 1964). Hence, the first two
suggestlons made by Kotthaus have now been confirmed experimen-
tally.

Since evolution 1s an adaptive process it is interesting
to compare the dilscovered difference in the thermal stabllity
of the muscles of redfish forms with their relation to the
water temperature. Acoording to Travin (1951) among the fish
in the Barents Sea, the marinus - type should be considefed as
a more warmth-loving one than the meptella-type. At the same
time, the data discussed at the 1959 Symposium in Copenhagen
glve evidence to the contrary. The researchers at the Polar
Institute, engaged in the study on the bilology of the Barents
Sea redfish are also of the opinion that the mentella-type
redfish is the more warmth-loving ones (T+S.Berger, G.P.Zakhar-
ovy V.P.30rokin - personal oommunications), since the tempera-
ture at the greater depths where it mostly lives, 18 as a rule,
1,5-2° higher than at the comparatively shallow habitats of
the marinus - type redfish. Templeman also cites similar data
(1959).

So we may suppose that the oytophysiological differences
between the marinus and mentella types result from their
adaptation to temperature, which can be found also in the
cells level., This differentiation seems to be adequately greaé,
and, combined with the data of other authors, who had demon-
strated essential differences in the marinus and mentella type
redfish, acocording to a whole number of features - oan, in
our opinion, be regarded as an argument in favour of the

concept of the taxonomic range of divergence of these types.
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Fig. 1. Places where fish were caught for cytophysiological
experiments.

Light circles = mentella type; black circles = marinus
type; crosses = "intermediary" redfish
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Fig. 2, Thermostability of isolated muacles of redfish from
Northwest Atlantic,

1l - marinus type; 2 - mentella type; 3 - intermediary

redfish,

The abscissa gives the temperature in °C,

The ordinate - logarithm of the lifetime of muscles
(in min,)
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Fig. 3. Variation curves, giving the quantitative characteristics
of the distribution of thermostability of 1solated muscle
tissue of the types of redfish studied,

1 - marinus type from Iceland and East Greenland;
2 - mentella type; 3 - marinus type from West Greenland;
4 - intermediary redfish.
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