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ABSTRACT 

The thermostability of isolated muscles was studied 

in more than 1000 speoiemens of the 'marlnus' and 'mentella' 

types of redfish from the North-West Atlantio. These forms 

were found to differ in the examined feature, the higher 

level of whioh is oharacteristio for the 'mentella' type. 

Thermostability of isolated muscles is speoies-specific 

criterion for poikilothermal animals; in this connection is 

possible to conolude on taxonomioal range of the differences 

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

The problem of the taxonomioal relation of the !§riny! 

and mentella types of redfish from North Atlantic remains ------
open up to now. V.I.Travin (1951), for example, had described; 

acoording to morphologioal oharaoteristios, the m!~tel~! as an 

independent speoies S~~~1~~_m~tella Tr~, whereae 

A.P.Andriyashev (1954) classified it as a subspeoies 

§~!!1a~ infr~~Rec!~~ ~~~!~!±~ T~~ Other researohers 

also prefer to speak of different subspecies and even "types" 

of redfish (see, for example, Kotthaus, 1961). 

At the same time the essential peouliarities of the mari-----
~~ and !!B!!ll! types of redflsh can be traced down not onl~ 

in their morphologioal oharaoteristios, but also when we sub­

jeot them to bioohemioal and immunologioal studies (Schaeffer, 

1961; O'Rourke, 1961). Henoe it seems expedient to seek for 

divergenoies in North Atlantio red!l&h also aocording to a 
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number of other. Jqlllnrr,>s, llh:i.oh are of 8. diBgIloe tical value 
in the systematios of flpnoies. This report deals with the 
resul ts of the A!l!l.l,jfoln or 1;1Ie differentiat10n of the !!!!tlID!!! 
and !!!~1~1!.!.l: types n.eo"nU,ng to the degree of thermostab1l:1t.r 
of isolated m11801e tlo:''''o, 1Vhioh has been estab11shed as the 
speoies-speoifio orlt,'l.'.l,nll. for tile poik110thermal animals 
(UshakoT, 1959 bj UGh",J<:01l', 1964). 

~ig:r.!~,_Il'H) ,fI'.21aQ.g!! 

The study waf! dono nt the reoearch vessel, the nSevast:>pol'~ 
in September-Ootober 196'1, and repeated in August 1965 in North­
West Atlant10. The pll",o\l8 whet's the samples were taken are 
shown in Fig.i. 'l'he oltj:(H"m'mtal pattern boiled rlOWD to deter­
mining 8,nd oomparing, fl.~;oo,;:il.111g to Ualmkov's method (1959b); 
of thermostabi1:Uy of ,IF,H.lr-\tod IOU/Joles (m"genio-hyoideus) of 
the redflsh lifted in tn.<.rl1s .. 

The muscle, of I'Ipno,l,nlt'rHl wore attaohed to thin glass rods 
and inserted into Dew,9,r ,!lssels, filled to one-third with 
Ringer's solution hell tOll l7i thin t 0.2 0 p.l'6cision. From time 
to time the mUBoleo wore taken out for several seconds and 
tested for the 01<,01 tah.Uley of til:10U08 to induo ted electrio 
ourrent from a tranl:1istol'lsed stimulator with a maximum voltage 
of 1 :lOV (ArzUlnanov aUfI KUoaklna, 1960). The tille for whioh 
the tissue preserved oxcitability, sinoe the moment it had 
been 1mmersed in the heated solut10n up to the complete ab­
sence of oontraotion even 1n the filR.lllents the most resistant 
to the action of loeal, HOJ.'ved as the measure for thermostab1-
lit.r. neselll"oh \IInll donn IJI, a number of experimental tempera­
tures (24,26,21:1 f\Jl(l 30')) mltl at one exper1mental temperaturs 
of 280C, whlch lll'ovided the opportunity to analyse the 1nter­
and intra-population variability of the feature. 1,02) experi­
ments OD determining the thermoatability of the isolated 
musoles of redfish have beeu oarried out. 
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!1~!l_\(l.J!l, 

Th", reRult" or l.h'" (lnte:rlllinatlon of the thermostabillty 

of til", m\lsololl o( th", 1'1lIUlf'h from the area of Ioeland at seT-

n>:"I. ,,~pllrJ.m""t:."l tAmpn)·"tur.as Ar", rel8.ted in Table 1 and 

J:l'.l.p,.2. An thn p;r"ph AIio1'l", tho "'lIoole tloRueR of the !!!£!!1elln -

typn (Rtr.nlght ]1nn ~) 1n npprOxlmAtely 2 0 more thermally 

,.t"h1e tlu~.lI \:hll m"Rol .. (:181'\110 of the !!!.!g:!!!~Q. - tYllo (lIne '1). 

Thn rl'v""lnfl lIlrIAn'"o", In RtAt:l.stio(\ll,y I'!lgnlflCfmt (Table 1) 

"'\11 In QlIJ. tA :l.n (\OOIH'll,.n"", to the dIfferent!", l::l.on whioh 01Ul 

"n"n.IJ'y hfl nllnn"vrul ",h'H. '''' (HlJllpA.re thO! t.hfl'TJIlol'lt[l.ld.1 J ty of the 

onJ I", of tila I;AltOIJ(,m.1.QAUy (liosp. speoleR of flah anll other 

l'ol1r.t1ol:he>:mn.l ""'m,,ll', (i{"""AK:lnn., '1959; 1960; Al tukhoY, 1962 a, 

11,191>7; Altukhoy IUlI1 Glnf\hAn1<:ov·n., 1966; Ushakov, '196 /H Kaufman, 

196)). 

J.t munt bo 1;"I'l!>n :Into oonai(}I)l"Btlon, however, thAt ne11r1y 

1n ",11 tho ara"lA (If .Io:i.n t hAbl t8.tlol1 b.r the re(Uiah in North­

W"""t At:!.",n t11l there IlTA cA.ught aonslllerable quanti ties of fish 

'IV.I, th 1I11x",d mOTJ,hol elf; tOA). ehnxI\o ter181;10 f.I of the !!!!!:!:.!~~ Bnd 

!!!£!!.t~!!~ - typos, whloh ATe pl'obab1y their hybr1lls (Kot thaus, 

19()'1 ,; 'r.T.'Rv1n n'HI .Peoh"nlk, '1<1(2). In eonformlty w1th thise 

(latA., 1;11" raslll tn of tho twmpnrllJOIl of the thermost8.bl11ty of 

\;he PllIsale Unl'me both .I.n the Inl tial forllls anll in redfish wlth 

m:tx~(l chn>:AoteY.':lnt1oB (for oonvenlenoe sake w",' 11 be 08.11ing 

tM.n lal tar tyJ.'o tho ":l.n tel'meit1Rry" typf.l) oonfirm that, thla 

lntter t,TPR in ll,otl~Rlly oh".raoterisIHl by an intermedlary level 

of I:llot'mon tp,hlU.ty (fi'1./l:.;:>, 1111A J). 'flll! 6 ta tIs tioAl dB til. on 

thr ,"1'\1.'1>":1.",1 dOl'l8 no\; 'UI'tt:ll1f,u:l.nh AI\Y actual ll1rr'lrenoe, in 

trIOn",,",., hehm"n th'l .1.nl"'J:'m<>.dlAlle type I\Jl(l the !.'!!!tl!!!!~ 

(tnmJ,.2'l.O) nJ1fl th .. melltellfl (trmp.JOO) type of nHlflsh 
, ."----,. __ .. -......... _.- .,,~ . 

(,rn.hl ",,) • 

. T.p.I; us nolV oonll.l.rJ.ar til" reaull:6 or de lermiD!lt:l.on of the 

thecmonLRIll11ty or th'l lsolnt'ld muncIe tls6ue of redflsh at 

one 'lxpnrimenl:r-d. t:'lmp'lrRture of 280 • '£he characteristics of 

I:h" mRt: .. rl".l I.'Il.u(Ue(l 11'1 p,lven :1.11 TfO.ble 2. 
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$~ 
As we(from Table 2 all the studied samples of 'the !!!!U!ll.!! 

type are oharaoterised b7 a pattern which coincides with the 
average,. The amplitude of variab1lity waS the same also. T1'-.i8 
speaks of the laok of inter-populator7 yariabilit7 ~ooord1ng 
to the given feature and, henoe, of the wholeness otthe po­
pulation of mente!!!! - t7pe redfish that habitates in the areas 
studied. A similar picture is observed also in the 'case of the 
Ioelandio and East Greenland populations of the mari~! - tTPe 
redfish, whioh, being oltophysiologioally identioal, differ 
tangib17 from the mentel!! - tTPe in the thermoetabllit7 of. 
musoles. At the saae time the mari~~ - t7pe redtish from 
West Greenland is oharaoterised b7 a speoific level of thermo­
stabilit7 of musoles, differing in this respeot both from the 
Ioelandic-East Greenland !!!!!~, and from ~!!!! - tTPe 
redfish, holding an intermediar7 position between them. 

The Fig.J shows the sum-up ourves ot the distribution ot 
the thermostabilit7 ot muscles in the marinus and mentella ---
redfieh, and the curve for the intermed1ar7 redt1shx/. This 
data determines that eaoh of the studied kinds of redfish has 
its own peouliar distribution, and that tor the .arin~ and 
mentel!! t7pes it is oharaoterised b7 one-peak ourves (curves 1 2 
andtrespective17), whereas under o7tophysiologioal anal7sis ot 
the intermediar7 redtish it is bimodal (ourve 4). And this 
means that in the waters ot Iceland, Greenland and Labrador, 
where natural h7lridieation take. plaoe among the redfish torm., 
there 1s observed either the splitting up aooording to the 
studied teature into F2 , or else, the intermed1ar7 tish appear 
on aooount ot the reTerse orossings between the partial17 
tertile h7brids Jl'1 with the init1al fol'lls. 

Of great interest i. the ourve of the di.tribution of the 
thermostabilit7 of musoles of the marinus - t7pe red+ish from 
the West Greenland waters (Fig.J, curve J), whioh iea one­
peaked one and takes, as alread7 .entioned, an intermediar7 
pOSition, between the oorrespondiDi ourvea for the mentel!! 

~he p;;bl:;--an the ;1;ht-hand asa~etr7 of the ourves of this kind is oonsidered b7 UahakoT and ChernokozheTa (196J). 
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and mar1!~ - type of redf1eh fro. Iceland and East Greenland. 
As we see from Table 2, the average l1fet1me of the muscles 
of the ,est Greenland redf1eh (20.0' t 0.58 min) differs fro. 
the aotually identioal figures, obtained from the ~~~~~ type 
from waters of Iceland (13.6 t 0.69 min) and East Greenland 
(14.25 t 0.78 aiD.), tangibly nearing the level of thermosta­
bility of the muscles of the intermediary redfish (22.7tO.7'min). 

Thus, the oonsidered experimental material revealed the 
existenoe in the explored area of North West Atlantic of four 
cytophysiologioally different populations of redf1sh: mentella, 
interm!diarz and ~inus, represented, on the one hand, by 
the West Greenland, and, on the other -- by Ioelandio and 
last Greenland redfish. The hybrid nature of the intermediary 
type causeS no dcubt at all. As for the West Greenland !!£!­
~! type, the %esults of oytophysiologioal analysis also speak 
in favour of its being a hybrid. Apparently this type of redfish 
is a marinus only in appearance, but genotypically is a hybrid ~ 

of first generation between homoBygous fishes of themarinus 
and mentel!! type. 

The biologioal data obtained by G.P.Zakharov (1962), 
which speak of the juvenile nature of a considerable part of 
the population of the .arinus 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 arr1ved at the conclusion that as to the 
oondition of their gonads they are no different from the 
immature marinus type from the(Sea ~Barent~ 

Aocording to the cytophysiological data, oited 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 ~iDu, type is the consequenoe of their hybr1d 
origin from initial types, between whioh there exists a oertain 
degree of physiologioal isclation. This leads to the under­
development of the reproduotive system of the oonsiderable 
part of the Fit type hybrids, whioh oannot be outwardly 

F8 
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disoerned from the ~inas - type. This Tiolation, probably, 
mostly oonoerns the females and, to a lesser degree, the males, 
if we assume that they are homogamous. 

This data allows to think that the so-oalled 1ntermediar~ 
redfiah come into life as the result of mating between the 
initial types of redfish with the sexually mature males, and, 
partially, with the hybrid females of the F1 • The pairing and 
spawning take place in the area of Iceland, and redfish is 
ccncentrated 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; ZakharoT, 1962). We 
aeem it to be highly probable that the F1 hybrids, because of 
their un-specifio risen resistanoe, and, hence, thelr:frequency 
in West Greenland waters is especially high. It isn't hard to 
imagime the natural selective factor xl - suffice it to oompare 
the temperature conditions of the drift of the fry in the 
waters of the warm Irminger current (4_6 0 ) and in the fjords 
where the fry settles down, in the latter oase the water tem­
perature is clearly cutside the toleration level for the red­
fish, going down to 2°, and sometimes to 00 and even lower 
(KUlerioh, 1~; Taning, 1949; Dunbar, 1951; Templeman, 1959; 
Berman, 1963). 

All the above-mentioned m~ be summed up as fcllows: 
On the basis of the results of the cytophysiologioal analysis 
and the aTailable data on the biological peculiarities of the 
population of the marin~ - type redfish from West Greenland, 
we suppose that this population is, to a conSiderable degree, 
represented by sterile hybrids cf Fit and that it 18 formed &8 

the result of the elimination of the fry of the initial types 
of redfish which are brought from the spawning grounds in 
Iceland and the Banish Strait~and which encounter the unfa­
vourable low temperatures on some parts of their drift and 
in the fjords. It goes without s~1ng that the assumptions 
laid down here are only in the nature of a hypothesis which 

X7TemPleman in his substantial report (1959) relates facts of the discovery of dead fry and eTen adult redfish in the,waters in West Greenland. 
~e~ 
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ls ln need of further experlmental researoh. In our other 
report we shall supply the bloohemloal proof ln favour of 
suoh an assumptlon. 

_D~l~s-"o",u:.::s;:::s!.2!! 

In the oonoluslve part of the work let us oonslder the 
problem of the taxonoml0 status of the dlfferentlation between 
the marinus and mentella types of redfish. In this oonneotion 
we must mentlon - besides the already quoted oonolusions made 
by Travin (on the speoles type) and of AndrlyasheT (on the 
sub-speoies type) of the forms - also the point of Tiew of 
two other authors - O'Rourke (1961) and Kotthaus (1961), based 
on bioohemloal-lmmunologioal and morphologioal data, respeoti­
Tely. 

The opinlon of O'Rourke, proposing the analysed type arl 
sibling-speoies, ls doubtable, sinoe in their appearanoe these 
fishes tanglbly differ from one anlPther in most parts of 
their areal. 

Kotthaus (1961) puts forward three possible explanation~ 
for the taxonomio and philogenetio relations among the redflah -
1) marlnua and mentella types are lndependent specles, conneuted 
by intermediary fish of h¥brid originJ 2) S.mari~ is a philo­
genetioally more anoient type, from whioh the mente!!! - type 
had detaohed i(tself. The prooess of the speoiatlon has not 
been yet terminated, henoe the emergenoe of lntermediary forms; 
3) the lntermediary type is the lnltial one, and the marlny! 
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 oonslders the first two to be the most 
probable. 

As our researoh has establlshed, there has been found 
one more differentiatlon between the two types - aooordlng to 
the thermostabllity of isolated muscle tlssues, whioh is 
substantlated as the oytophyslologloal criterlon of the speoies. 
The disoovery of a differenoe in the thermostabl1lty of the 
oells of any taxonomloally near forms of polkl10thermic ani­
mals oan be oonsidered as an important proof of thelr being 
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an independent species, or as an indioation that the speoiation 
going under our own eyes (Ushakov, 1964). Henoe, the first two 
suggestions made by Xotthaus have now been oonfirmed experimen­
tally. 

Since evolution is an adaptiTe prooess it is interesting 
to oompare the disoovered dlfferenoe in the thermal stability 
of the muscles of redfish forms with their relation to the 
water temperature. Aooordlng to TraTin (1951) among the fish 
in the Barents Sea, the m~y! - type should be oonsldered as 
a more warmth-loving one than the !!!~!!ll!-type. At the same 
time, the data disoussed at the 1959 Symposium in CO\1enhagen 
giTe eTidenoe to the oontrar7. The researohers at the Polar 
Institute, engaged in the study on the blo1oQ of the Barents 
Sea redfi.h are also of the opinion that the mentalla-type ----
redfish is the more warmth-loving ones (T.S.Berger, G.P.Zakhar-
ov, V.P.Sorokin - personal oommunloations), sinoe the tempera­
ture at the greater depths where it mostly lives, is as a rule, 

o 1.5-2 higher than at the oomparatlvely shallow habltats of 
the ~~~~~~ - type redfish. Templeman also cites s1milar data 
(1959). 

So we m~ suppose that the oytophyslolog1oal differenoes 
between the marinus and mentella types result from their --- -
adaptation to temperature, whioh oan be found also in the 
oells level. Thls differentiation seems to be adequate17 great, 
and, oomblned with the data of other authors, who had demon­
strated essential differenoes ln the marlnus and mentella type --- -
redfi.h, acoording to a whole number of featuree - oan, in 
our opinion, be regarded as an argument in favour of the 
oonoept of the taxonomio 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 a "intermediary" redfish 
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Fig. 2. Thermostabi1ity of isolated muscles of red fish from 
Northwest Atlantic. 
1 - marinus type; 2 - mente11a 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 isolated 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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