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Summary

This paper deals with the testing of the hypothesis of the
existence of a rectilinear relationship between growth of
the body and of the scales in the Atlanto-~-Scandian herring,
with different growth types and scale formulas. This
testing was carried out with the help of the correlation
analysis.

In herring the relationship mentioned is rectilinear and it
is observed throughout all seasons of the year and all
periods of the life history. The curvilinear relationship
observed in one-aged group of herring points in some cases
to the presence of specimens that have grown up in different
ecological conditions.

For the study of the life history of fish it is necessaxy to know
their growth rate not only in the period of observation but also during
previous years of their life.

Different methods have been suggested for back calculation of fish
growth by scales, bones and otoliths. LEA (1910), who was the first to use
the method of back calculation of growth rate of the Norwegian herring by
scales, believed that the increase in the size of scale is proportional to
the increase in the length of the fish. The relation between the growth
of the fish and that of the scales is rectilinear.

The examination of this relation in other fish species showed that
along with the rectilinear relation (AVRUTINA, 1929; TYURIN, 1929; LEA, 1910)
also o curvilinear relation is observed (KAZANCHEEV, 1955; LUKIN, 1951;
RADCHENKO, 1930).

* Mrs. E. I. Seliverstova,
The Polar Research Institute (PINRO),
6, Xnipovich Street, Murmansk,
U.S.SQR.


iud
Thünen


VOVK (1955) considered that "the mode of relationship between
the growth of scales and that of fish is specific for the species", and
that this is valid for all populations of the same species, irrespec-
tive of vhere they live. :

COOPTR (1952) showed that in some isolated populations and
sometimes in scxual groups of one and the same popuiation, there may be
differences in the mode of rclationship between the size of the fish
and that of their scales.

That the relation in one and the same fish species is not
constant is indicated by data on roach from the Ubinskoe Lake (curvi-
linear relationship) (RADCHENKO, 1930), and by dato on the same species
from the Chany Lake (rectilincar relationship) (AVRUTINA, 1529).

BRYUZGIN (1969) considered that "the mode of corrclation between
fish length and scale size is not a character of o family, genus or
cven species", but is "an inherent character of a single fish population'.

IAPTEV (1553) stated that "growth of scales does not agrec with
body growth; an agrecment may be only random and in different years it
ney be original®.

The present paper deals with testing of the hypothesis of the
cxistence of a rcctilinear mode of reclation between the growth of the
body and that of the scales in Atlanto-Scandian herring vith different
grovth types and scale formulas, and besides the constancy of this relation-
ship was checked for different seasons of the year and periods of their
life higtory (the full corrclation analysis).

The full correlation snalysis (PLOKHINSKY, 1970) includes
calculations of:-

1. Index of rectilincarity of the relation - the suqare of
the correlation coefficient. 2. Confidence criterion of the square
of the corrclation coefficient. 3. Index of curvilincarity of the
rclation - the square of the corrclation ratio. 4. Confidence criterion
of the square of the corrclation ratio. 5. Curvilinearity criterion.

If the valuc of the calculated criterion of curvilinearity does
not cxceced the stondard valucs of FISHIR!s criterion (defined from the
table of threc thresholds with appropriate degrees of frecdom) the
relationship is considered to be rectilincar. The reliability or
probability of corrcct forccasts for biological investigations must be:

81 = 00950 .

When the value of the curvilinearity criterion is beyond the
existing boundary values vhich arc defined from Tables,; then curvilincarity
is checked by properties of the corrclation ratio (AKSYUTIVA, 1568).

1. Corrclation ratio cannot be less than the absolute value of
the correlation coefficient

7 =(x)

2. Tor lincar rclationship 1y = myx and N'= (x),
consequently the difference 'n2 - < con be used as o degrec of deviation
of the regression relationship from a linecar one. Divergence between n
and r can be cstimated with the help of the critorion

2 =2
g Rok-2 Myx= €
k-2 1 - n¢<

vhere k is the number of groups along the x line in the correclation tabio.
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The mean crror of the value © is detemined by the cquation:

&

- 2(n - 4)
° (k-2): (n~-xk=~4)

3. In cose vo deal with the inequaiity L= <3,
0

the difference betveen Tyx and T is considered to be insignificant
(deviation of regression relationship from the lincar one am be considered
to be negligible). Othorwise the difference between Tyx ond T is
cssential (AKSYUTINA, 1968).

‘ Defore giorting the study of the main question, the xrelation was
checked for herring with different age groups. Two samples taken in October
1953 were examined; they included herring ot an age from 2+ to 17+ years
(16 age groups, n = 350), and the following volues wore obtoined: the
corrclation cocfficient is 0.69; confidence criterion of the square of the
correlation coefficient (Frl) and of the square of the corrclation ratio

(w nz) vas higher thon 83 = 0,999; the curvilincarity criterion was lesc
thon g4 = 0.95. The relation is linecar. ‘

The growth rote of herring that grew up in the Norwegian Seca greatly
differs from that of herring inhabiting the Darents Sea during the first
years of their life, before they maturc (SHUTOVA-KORZH, 1960; SELIVERSTOVA,
1968, 1970). Tho growth rate is differont even in herring that inhabit
the Norvegian Sca, but vhich during the coastal period of their life lived
in different arcas of that Sea (southern or northomn ones). Peculiaritics
of environmental conditions determined different grouth types in the Atianto-
Swandion herring: A, B, B-C, C, D, C-D, (SHUTOVA-KORZH, 1960; OTTESTAD, 1934;
SULIVERSTOVA, 1968, 1970). :

The A-type is characterized by an annual gradual decreasc in incre-
ments ¥ > 45 > 3 > ty cte.

The B-type is characterized by an incrcasc in the growth raote
during the 3rd year of 1ife, t5 < t3.

The C-type represents the increase in the grouth rate during the
4th year of lifc, t3 < t4.

The B-C-~type is characterized by an increasc in the growth rate
during the 3rd and 4th years of life; s < 1':3 < t4.

The D-typc chows the increasc in the grouth rate during the 5th

The C-D-type ropresents an increase in the growth rate during the
Ath and 5th years of life, t3 < t4 < ts.

Apart from the different types of growth, the Atlanto-Scandian
herring have different scale formulps, a ratio of coastal; occanic and
spavming rings (LEA, 1929; RUIMISTROM, 1936). Contingents of the Atlento-
Scandian herring in the Barents and Norwvegian Scas have defined types of
growth and scale formulas (Table 1), and this is o result of the peculiari-
ties of the cnvirommental conditions (SELIVERSTOVA, 1968, 1970).

The existonce of such o great number of groups in the Atlanto-
Scandien herring mokes it possible to test the hypothesis on the constancy
of the relation betweon growth of the body and that of the scales in herring
that grev up under different cmvirommentzl conditions.

The analysis showed that the relation between grouth of the body end
thot of scales in the Atlanto-Scandian herring is rectilinoar - it tis
obscrved from yecor to ycar - during the feoeding and vintering periods and
also during oll periods of their life history. Constancy of the rectilinear
mode is also found in herring with other types of grouth and scale formias
(Tabics 2 and 3).
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However, o rectilinear rclation betueen the growth of the body and that
of the scales is observed in some cases in groups of herring with
different growth types (types A, B, C, D), vhen the mived semples are ana~
iysed, and in other cases it changes into a curvilincar mode (Tabic 4).

The thing is that dissociation of herring vith differcnt growth types
and scale formulas is observed only in the first years of life when young
herring during o passive drift arc brought to different arcas of the coastal
zones of Norway and lMfurman, where they live from two to six years. During
the oceanic peoriod of life when the nerring migrate from the coastal zone
of the Forwegian and Barents Scas to the open part of the lNorwegian Sea,

a mixing of herring with different growth types and scale formulas is
observed, In herring living under very different ccological conditions
during the first years of life, the ratio betwenn the growth of the body
and that of the scales will be diffcrent. Evidently, vhen herring grow

up under idoenticel environmental conditions, they have an identical gencral
pattern of growth, while vhen they live under different conditions, their
pattern of growth will be difforent.

The analysis of herring of the Barents and Ilorvegion Scas! contingents
vith different growth types showed that the linear rclation between the
growth of the body and that of the scales is observed during the vhole iife.
The analysis of the mixed semples including the Horwegian contingent of the
Atlanto-Scandian herring (fish with growth types A, B, and scale formuios

'S 2+1, N2+1), and the Barcnts Sea horring (with growth types A, C, and the

scale formula N3) showed that the rectilinear reistion changed into a cuxvi-
lincar onc (Table 4).

Thus, in many-aged and one-aged groups of the Atlanto-Scandian herring
(vith different growth types and scalc formulas )the rclation between the
growth of the body and thatof the scales is rectilinear and this is observed
during all scasons of the yecar and periods of their iife history. In some
cases the curvilinear relation observed in a onc-aged group of herring points
to the presence of specimens that grev up under different ccological conditions,
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Table 1. Growth types and scale formulas in the Atlanto-
Standian herxing.

Grouvth Typec

A B c B-C D C-D

S| W24 U 2+1 N 241

B lmese | mas2 | I 242
o w30 | w0 I 440 ¥ 440
|3 1T 3+1 N 3+1 0 441 N 4+1
W e N 342 T 342 W 4+2 I 4+2
¥ 6+0 " N 640 ' Iy 630 I 6+0
} 0 641 i 6+1 i 6rl | W64l

Hote: N 241 - W is the northemm type of scales; +the 2 indicates two coagtal
rings; 1 indicates one occanic ring.
I 6+0 - I is the northern type of scales; the 6 indicates six coastal
rings; O indicates that oceanic rings are not obscrved, the herring
spaim vithout going throvgh the oceanic stoge.



Table 2.

The mode of relctionshin between the growth of the body and that of the scales in
the Atianto-Scendisn herring of the C type during different seasons of the year and
periods of their life history.

Linecr Relotion
Scale Formule and Inder of rectilinear reiation | Index of curvilinear|Curvilinearity
Year Period of Life Tumber of (the square of correlation relotion (the square| criterion
Honth " History TPish coefficient) of corr.ratic) m2 Ty <By = 0.95 n =
1961 Coastal N2 0.14 0.16 less
Sept. (Berents Sez) i3
1961 " N2 0.19 0.20 less
Nov. 330
1962 Oceonic T3 0.3%1 0.32 less
Summer (Norwregion Sea) 170
1962-63 Wintering ¥ 3 0.17 0.20 less
WVinter- (Morwegien Sea) 3
Spring
1963 Feeding T 3+1 0.12 0.13 less
Summer (Worwegion Sea) 198
1663-64 Wintering before ¥ 3+1 0.14 0.14 0.37
Winter- spowning 418
Spring (Forwegion Sea)
1964 Wintering after I 341+l 0.10 0.11 less
Vintexr spawming 230
(Worwegicn Sea)
Hote: in oil cases r® end '\’]2 ore stotisticolly meliaoble.




Scondion herring with different growth types cnd scaie formulas during some periods of

their iife history.

The modc of relotlonship vetween the growth of the body ond thet of the scales in the Atiaonto-

Index of rectilinecr

Index of curvilineor

Linecor welotionship

Year Growth Type ond Scale Formuln | relotion (the square of relation (squore of Ao
Arec Month and corrclofc%on coefficient) |correbation rotio) Cv:gzﬁzérll‘ie;;l“cy Hote
Number of fish r n T, < gy = 95 n = (z)
Barents Sea 1961 A N2 0.42 0.43 less cocstal
June=-Sept. 355
1562 D N3 0.35 0.35 0.59 n
June-Sept, 1 019
Norwegian 1961 A2 0.22 0.26 less occonic
Sea Junc-Sept. 7 (feeding
period
'A'Tg—oé 0.16 0.18 less beforo
spovming)
1962 A U 241 0.2% 0.27 less "
June=-Sept. 297
A S 2+41 0.12 0.1i2 0.35 "
100
A N3 0.63 0.65 less "
194
B N 2+1 0.12 0.12 0.3%5 i
271
B S 2+1 0.21 0.21 0.46 "
0
1563 A Nesl 0.8 0.8 0.42 [ocecnic(feeding
June-Sept. T126 period after
- spavming)
D N4 0.10 0.14 less oceanic(feeding
118 period before
spoyming)

Tobe: in 21l cases r2 and 17 cre stotisticaliy rciiaoble.




° ® .
Toble 4. The mode of the reistionship between the growth of the body and that of the scalces in the Borents
ond Horvegion Seas contingents of herring.
Yeor Growth Tyoc ond Scaie |Index of rcetilinear Index of curviiincor Linecr Relationshin
Ares Month Contingent TPormuias relation(the sguare of roiation (the sguore |  Curvilineority
reo cnd correlotion coefficiont)| of corrclotion ' critorion
Mumber of Fisn 2 ratio) n e Ty, < By = 0.95 n = ()
Barcnts Sco 1961 0f the Barcnis A W2 0442 0.43 lover
Jul.-Sep. Sca 355
cC N2 0.1i4 0.16 lover
1501
AN2endC H2 0.41 0.41 0,64
491 .
Norwegion 1962 | Of the Norwe- AW 241 0.23 0.27 higher™
Sen Jun.-Sept. gien Sea 297
A S 241 0.1i2 0.1i2 0.35
100
B I 241 0.12 0.12 0.35
271
B S 2+1 0.21 0.21 0.46
0
0f the Borents A T3 0.63 0.65 lover
Sea 194
c I3 0.31 0.3%32 lowoer
170
0f Norwegien & | A1l tynes and formuios 0.58 0,61 highermc)
Boronts Seas 1092
2

Tote:s In all coses x

and 1@ cre statisticeliy reliabie.

of probabiiity of correct forecagts.

the diffcrence betwecn m
negiigible.

%) Curvilinecrity criterion proved %o be sjnmevhat higher thon the first threshold

The checking of curvilinearity found through the properties of the correlating rotio showed thot

end r is unesscnticl, the deviation of regression wrelationship from the lihear one mey be considered to be

n zx) The checking of curvilinearity found through nrovertics of the correlating rotio shouved that the déifference betwecn
Myx c<nd T is essontial.



