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Relationship behleen Gro'tvth of thc Body and of Scales

in the Atlanto-Seandian Herring
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E. I. Seliverstova*

Suzmnary

This paper deals "rith the testing of the hypothesis of the
existenee of a rectilinear rclationship behleen gro\rth of
the body and of the seales in the Atlanto-Sca.ndian herring,
llith different grmvth types and scale fozmulas. This
testing was carried out "Tith the help of the eorrelation
analysis.

In herring the relationship mentioned is reetilinear and i t
is observed throughout all seasons of the yenr and all
periods of the life history• The eurvilinear relationship
observed in one-aged group of herring points in Bome eases
to the presence of specimens that have grmm up in different
ecological conditions. .

For thc study of the life history of fish i t is neeessary to kumT
their gro\'Tth rate not only in the period of observation but also during
previous yeaxs of their lifc.

Different methode have been suggested for back ealeulation of fish
grouth by scales, bones and otoliths. LEl\. (1910), llho lTas the first to use
the method of back ealeulation of growth rate of the 1'Torwegian herring by
scales, believed that the inerease in the size of seale is proportional to
the inerease in the length of thc fish. Tbe relation bet'tvoen the grO'tvth
of the fish and that of the sea.les is reetilinear.

Tbc' oxamination of this relation in other fish species shm'1ed that
ru.ong lrith the rectilinear relation (AVRUTINA., 1929; TYtJRIN, 1929; LEA, 1910)
also a curvilinear relation is observed (~~CHEmV, 1955; LUKIN, 1951;
RADC~IKO, 1930).
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VOVK (1955) eonsidered that "the mode of relationship be~1E:~en
the grolnh of scoJ.es ond that of fish is speeifie for the speeies", Md
that this is voJ.id for 0.11 populations of the same species, irrespee~

tive of ",here they live.

COOPCR (1952) showed that in some isolated populations and
sometimeo in soxunJ. e;roups of one ond the same population, there may be
differcnees in the mode of relationship betl1ecn the size of the fish
ond that of their scales.

That the relation in one ond the same fish speeies is not
eonstant is indicated by do.ta on roach from the Ubinskoe Lake (eurvi­
linear re1atiom3hip) (RADCHENKO, 1939), ond by data on the same speeies
from the Cho.ny Lal{e (rectiiinear relationship) (AVRUTIliA, 1929).

BRYUZGIN (1969) eonsidercd that "the mode of eorrclation between
fish length end seale size is not 0. eho.raeter of 0. fo.mily, genus or
evon speeies", but is "on inherent eharneter of a single fioh population" •

Llü?TIN (1953) stated that "grouth of ocoJ.eo does not agreo ''1ith
body grouth; an agreement may be only r-...ndom ond in different years i t
mny be originoJ.".

The present paper deale "1ith testing of the hypothesis of tho
o..tietenee of 0. reetilinear mode of relation betl1een the grol7th of the
body ond that of the seales in Atlonto-Se::mdian horring uith different
grouth typos o.nd sealo formulo.o, ond besides ihe eonstoney of this relation­
ohip ,mo eheeked for different seasons of thc yea.r ond periods of thcir
life hietor,y (the full eorrolation onalyoie).

The full eorrelation anoJ.ysis (PLOIammKY, 1970) ineludoo
ealeulationo of:-

1. Index of roetilinoarity of the rolation - the suqare of
the eorrelation eoeffieient. 2. Confidenee eritcrion of the square
of the eorrelation eocffieient. 3. Index of eurvilinearity of the
relation - the square of the eorrelation rntioo 4. Confidcnee eriterion
of the squnre of thc eorrelation ratio. 5. Curvilinearity eriterion.

If thc value of thc eo.leulated eriterion of curvilincarity doos
not oxcoed the standard voJ.ues of FISHER1s eriterion (dcfined from the
table of three thrcsholde uith approprio.te degrees of freedom) the
relationship is eonsidcred to be reetilinear. Tbc reliability or
probability of eorroet forecasts for biologieoJ. investigations ~st be:
ß1 = 0.95.

llhon the value of tho eurvilinearity eriterion io boyond the
existing boundar,y vo.luos lmeh aro defined from Tablcs, then eurvilinearit-J
is ehoeked by properties of tho eorrolation ratio (.AKSYUTnTA, 1968).

1. Corrolation ratio eonnot be 10ss thon tho absolute vo.lue of
tho eorrolo.tion eoeffieiont

2. For linear rolo.tionship Tl -:.r::r = .Tl yx and Tl'= (r),
eonsequently the differcnee Tl2 -'F2 ean oe used o.s c, degree of deviation
of the regrcosion relationship from 0. linear one. Divergenee bet"'lTeon Tl
ond r eon be estimated uith the holp of '~he eriterion .

e = n-lc-2
1'=-2 1 _ -. 2

. ~::

lThere k is thc number of groups o.lo~ thc :::: line in thc eorrolo.tion ta.blo.
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T"ne menn enor of thc valuc e. is dcte:r:mined by the equation:

2(n - 4)
(k - 2) • (n - k - 4)

1...1e__.;:;.ll < 3,

O'e

the differcnce betlrecn 11 yx ond r is considered to be insignificant
(deviation of regression rclationship from the linear one mn be considered
to be negligible). Otheruise the difference bett'men 11yx end r is
essential (AKSYUTJJT1'..., 1968).

TIefore :::r~nrting thc otudy of the main question, the relation lITVJ

checked for herrine; uith different age groups. Tuo somples taken in October
1953 lTere oxomined; they included hening a.t an age from 2+ to 17+ yeo.rs
(lp ago groups, n = 350), nnd the folloiling va.1ues 'trere obtained: the
corre1ntion coefficient is 0.69; confidence criterion of the square of,tile
corre1ation coofficient (Fr2) and of the square of the cone1ation ratio
(F 112) nas higher thon ß3 = 0.999; the curvilinem-ity criterion "Tao less
thall ß1 = 0.95. Tbe relation io linear.

Tbe grouth rate of herring that grell up in the NOr\'Tegian Seo. g.t'eatly
differs from tha.t of hening inha.biting the Darents Sea. during the first
yea.ro of their life, before they ma.ture (SHUTOV1...-ICORZlI, 1960; SELIVERSTOV1'...,
1968, 1970). Tbe growth ratc io different cven in herring tha.t inho.bit
the Horueginn Sea, but uhich during the coaota.1 period of their life lived
in different area.s of tha.t Sea (oouthern or northern ones). Peculio.rities
of environmental conditiono determined different grouth typeo in the 1'...tlo11to­
Sr.:randion herring: A, B, TI-C, C, D, C-D, (SHUTOV,A-KORZII, 1960; OTTESTAD, 1934;
SDLIVDnSTOVA, 1968, 1970).

Thc A-type io cn.'1XO.cterized by on annual gradual decrea.oe in il1cre­
ments t1 > t 2 > t3 > t 4 etc•

The :B-type io chara.cterized by on increaoe in the grouth ro.te
duriI1ß' tue 3rd year of life, t2 < t7.'

J

The C-type represento the increaoe in the grouth rate during t11e
4th yenr of 1ife, t 3 < t 4•

Tbe B-C-type is charo.cterized by an incrense in the g.t'Olrth ra.te
during the 3rd nnd 4th yearo of 1ife, t 2 < t3 < t 4•

Tbe D-type shows the increase in the ß'J."'O,Tth rate during the 5th
yenr of life, t 4 < t5'

Tbe C-b-type represents nn increaoe in the grOlrtll rate during the
4th nnd 5th ycaro of 1ife, t 3 < t4 < t 5•

Apart from the different typeo of BTO\·Tth, the 1'...tlnnto-Scnndian
herring have different sca.le fonmll!}o, 0. ratio of COo.sto.l, occanic ond
opmmin~ rings (LElI., 1929; RU1llTS'l'ROlI, 1936). Contingents of the 1'.t12"n:lio­
Scandin.n herring in the Bnrents n.nd J:.Toruegion Sea.s have defined typeo of
gro,rlih n.nd scale formulas (Table 1), aud thio is a rcsu.1t of the peculio.ri­
tieo of the ellvironmental conditions (SELIVERSTOV1'..., 1968, 1970).

T"ne existence of such a. groo.t number of eroupo in the 1\.tlnnto­
Scn.ndien herring Ine.'lkes i t possible to test the hypotheoio on the com:toncy
of tlle relation bet''t'1Cen grolTth of the body n.nd tImt of the seales in he~"Ti.Ilß'

that (JrClT up under different eIIVironmonta.l conditiom:.

Tbe analysis ohol'Ted tho.t the relation botueen ßX'cmth of the body and
tImt of scaleo in the At1anto-Sen.ndinn herring io roctilinonr - 'i.t .:iG
observed from year to year - dttring the feecliUß nnd uinteril1g periodo nnd
0.100 during 0.11 periods of thoir life history• Constoncy of the reeti1ineo.r
mode is 0.100 found in herring \Tith other types of grenTth n.nd scale fom:n.tlao
(Tablcs 2 and 3).
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IIolTover, n reetilinear relation be"C\lOen tho ßTOlTth 01' the body and thnt
01' the seales is observed in some eases in groups 01' hO~Ting uith
difforent ßTOIrth types (types A, B, 0, D) 7 "Then the mL"Ced sampIes are ana­
lysod7 end in other eases it ehanges into n eurvilincar mode (Table 4).

The thing is that dissoeintion 01' herring llith different grmrth types
nnd sealo formulas io obsorvod only in the first years 01' lifo uhon young
horring during n pnssivo drift are brouent to different arens 01' tho eonsta.1
zoncs 01' I'Torl.T:1Y and Human, lThere they live from tim to su years. During
the oecanie period 01' life uhon the herring migrato from the eonoto.l zone
01' thc Horllegian and Barents Sens to the open part 01' the lToX\'1Ogien Sen7

n mbdng 01' horring uith different grmTiih typco and sea.1c formulns is
observed. In herring living under VC~jr different ecologieo.l eonditions
durine; the first ycnrs 01' lifc 7 the rntio bet\'Tenn thc grOlrth 01' thc body
and tImt 01' thc senIcs uill be different. Evidently, lThen horring grOIT
up undor identiecl cnvironmentnl eonditions, they hnve an identica.1 cronernl
pattern of grOlvth 7 uhile lThon they live under differcnt eonditiono, their "
pattern 01' grovrth 'tüll be different.

The analysis 01' hcrrinc; 01' tho TIarents and IToX\lOl,S'ian Soas' eontingento
uith different grcnvth types shm"red tho.t the lincc.r relation bot\rocn thc
g.rolrth 01' thc body end that 01' tilo sea.1co io obscrvcd during the uhole life.
Thc analyoio 01' thc mixcd samples inelud.i.nti the HOX\lOljiD.Il eontingcnt 01' tho
Atl::mto-Seendian horrinc (fish lTith crOllth types 11., TI, and sea.le fonnulco

"S 2+1 7 1'T2+l), and the Barcnts Soa horring (uith grouth types A, 0 7 aud the
seale fomula N3) sholTed that the reetilinear rolation ehonged into n eurvi­
linear one (Table 4).

" T'nuo, in many-o.ged and one-llo"'Od groups 01' the l.:lilD.Ilto-Seandian horring
('tTitu difforent g'rmvth types and sea.1o" fom.ulns )tho rolation betueen tho
ßTOlrth 01' the body end tho.tof the seoles is reetilinear and thio is obsorvcd
duril1ß' a.11 seasons 01' the year end periods 01' their life histoI'lJ. In some
eases the eurvilineo.r relation obsorved in n one-ncrcd STOUp of herring points
to the prooenee 01' speeirnens that greu up under different eeolob'"ieal eonditiol1s •
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Table 1. Gro't'rl:;h types nnd Gcalo fonnulas in thc Atlnn°t;o­
Suandian hcrrina.

Grou-ch Typ 0

A TI C B-C D C-D

tiI
H 2+1 H 2+1 N 2+1'~

~ lT 2+2 lT 2+2 H 2+2
0

Ct-I
l:T 3+0 !'T 3+0 lT4+O H 4+0

<D
r-l

Ir 3+1 lT 3+1 1:1 3+1 H 4+1 H 4+1rJ
0

tr.l
1'T 3+2 N 3+2 Ir 3+2 H 4+2 J:T 4+2

J:T 6+0 N 6+0 H 6t0 N g+O
lLP-I-l N 6+1 H +1 lT +1

Noto: lT 2+1 - Ir iG tho northcrn type of scales; tho 2 indicatoo "\..\10 coasto...l
rinßD;l intlicatoo ono ocearrlc ring.

Ir 6+0 - lT io the nOr"chcrn tY"Po of scales; -(;11e 6 indicates Sll coastal
rings; 0 indicatoo that ocomlic rings aro not obsorvod, tho horring
spmm ~Tithout going througll the ocoanic stage.



Table 2. The Dode of re1o:tionshi~) o,:::clTcen "ene grouth of tho oody and th8.t of the seales in
thG Atlanto-Se8.L"1.dic..."1 hor-.cing of t~1C C type during different sonsons of tho year and

. d f" . 1'''' .. .J..
i)er~o s 0 ·(j!le~r ~r.e !ll:J lJory•

Linear Rola.tiol1

Seale Formtuß end Inde:: of reetilinear relation Index of eurvilinoar Curvilinec..rity
Year Perioo. of Life Humber of (the square of eorrelation rela.tion (the square eriterion
Honth Histo~J Fish eooffieiont) r 2 of eorr.ratio) ~2 F1 <PI = 0.95 ~= (I')

1961 Coastc.l N 2 0.14 0.16 less
Sept. (Bc..rents Sec.) 135

.-

1961 " H 2 0.19 0.20 less
Nov. 330

1962 Oeeonie .1Ll. 0.31 0.32 loss
Summor (Noruegien Sea) 170

1962-63 't1intering H 3 0.17 0.20 loss
'Uintor- (Non-regien Sen.) 93
Spring

1963 Feeding H 3+1 0.12 0.13 loss
Summer (Nonvegian Sec.) 198

1963-64 Wintering before J:T 3+1 0.14 0.14- 0.37
VTinter- spmming 418
Spring (Uon-regian SGa)

1964 iiintoring after -T 3+1+1 0.10 0.11 loss!,

"[inter spmming 230
(Honmgirn Sea)

Ho·Ge: in c.ll ec.ses r 2 cnd ~2 ere stc.tistieelly ll1elieblo.

I

0'.

I



Table 3. Tho mode of relc;l;ionship iJo"i;ueen -ehe gI'01rth of -the body [!,Ud thai; of t110 seales in -ehe Atlc.n-co­
SCCL"'1die.n herring' vTith difforon-e bTmr'ch ty:pes ['"nd scale formulns c1.uring some poriods of
thair life histOlJr •

4·' .

Aree.

Beren"cs Sea

Yenr
l10nth

1961
June-Sept.

1962
June-Sept.

Grolrch Typo and Scale Forrnulo.
end

Humbor of fisil

A l-T 2
355

D l-T 3
1 019

Index of rectilineer
relation (the square of
corro1at;on coefficient)

r

Index of eurvilineo.r
relation (squere of
correDation ratio)

112

0.43

Lineer IDla-Gionship
1--------..-----1
CV.J:"Q"ilinecrity

cri-torion
Ff:;, < ßi = 95 11 = (r)

loss

Hot e

co['"stal

"

ITotc: in eIL ce.sos r 2 end 112 ere ste.tisticelly rolicb1e.

NOl'i'Tegicn
Sec.

1961
Juno-Sept.

1962
June~Sept.

1963
June-Sept.

A 1T 2
75

A S 2
130

A H 2+1
297

A S 2+1
100

A N 3
194

:s U 2+1
271

:s S 2+1
60

A N2+1
126

D 1if 4
118

0.22 0.26 lass occanic
(feedi:1b

0.16 0.18 less period
before
spmr.cli.llg)

0.23 0.27 less "

0.12 0.12 0.35 "
0.63 0.65 less "

I

0.12 0.12 0.35 II

0.21 0.21 0.46 11

0.18 0.18 0.42 oceonic(foeding
poriod after
spm7l1ing)

0.10 0.14 10ss ocoonic(fooCling

I
pGriocL boforo

jI IspmJI'.J.ng)-----l

I
-.J
I



Tab1e 4. The Dode of "ehe rclationship betllcon tao b.L'Olrth of "ellO body and that of thc soales in thc Bnronts
[',ne. Horuogi:'.ll Sees oontingonts of horri11G'.

Yenr Grouth Ty-.90 md Sonle Inde:::: of rcetilincQ.r Index of ourvilincc.r - Linoar Relo.tionshi'P

Arae,
1/[onth Con-eingant :D'orrnulns rolntion(the squar~ of rol2.tion (tho squnro - Curvi1inenrity

md eorrolation eooffioiont) of corrc1c.tion eritori011
Eumbar of Fisil 1'2 ra.tio) '11 2 Ft, < ß1 = 0.95 '11 = (1')

--
Bo.rcnts Sec. 1961 Of tho Baron"es A H 2 0.42 0.43 Im'Tcr

"355 -Jul.-Sop. Sea

C N 2 0.14 0.16 lov1or
136

AH2 andC :~ 2 0.41 0.41 0.64--
491

~~)
1'Tonmgic.n 1962 Of tho !TOI"t'Te- ...~.. H 2+1 0.23 0.21 hi 4 J.t.gner
Sea. JUl1.-Sept. gien Sea 291

A S 2+1 0.12 0.12 0.35
100

J3 lT 2+1 0.12 0.12 0.35
-211

J3 S 2+1 0.21 0.21 0.46
60

Of the J3cxents A H 3 0.63 0.65 10",e1'
Sea ~91.L Lj•

C HZ 0.31 0.32 1m-TOr
110

Of NoI"t-Togien & All tY;?os end formu..:i.as 0.58 0.61 hi h ::0::)g er
jJ3eronts Sens 1 092 -.

Hote: In all cases 1'2 and '112 [',re sto..tistic2.11y rolic.ble. ::::) Ct'.:::~i1ino['.:ci ty eritorion proved 'co oe s6mO\Tha.t :b...igher thm thc first thresho1d
of probability of eo1'1'oot foroec.sts. Til0 chccldng of curvilinoc.rity found through the proportios of tho eorrolating ratio shOiTOd tlm'c
tho diffo1'onec bctllCcn~ end r is unossentic..l, the dovietion of regression rolc.tionship from tho 1ihcc.1' ono mc..y be eonsidcreo. to bo
nogligiblo. :c:) Tho eheeking of curvilinoc..rity fOlli"'ld through }.)1'opo1'ti08 of tho corre1c.ting rc..tio shOiTod tnc..t thG cliffe1'onee boJcueon
fk;X end r i8 essential.


