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J.ElwertoTIski & J. MUciojczyk

In our papor 1'10 ouko an attc"71.pt to fit outhomatico.l fomuluc, r;-.uinly takcn
from tho nultifarious correlation calculus, to tho existinG dopendonccbeh7een tho
contents of fat in the sprat of thc Bay of Gdansk und physiologicul (g~~otogoncsis)
as well as environnentul fuctors (wator tenperature und ubundunco of p1urL'lcton).

Wo shall base our invcstigntion on the content of fat completcd in the yoars
1954-62. During that period wo havo oxaoincd a total of 211 samp1cs from sprat
catchos tnkan in tho Bny and in tho Dcep of Gdnnsk.

The chunges in contonts of fnt in particular months of a yoa.rfs cyclo
cstablishcd by ar.u1ysis are shown in Diagron 1. which shoWS that tho ycnrfs cyc10 cf
chnngcs of fat in tho adult sprnt cf thc Bny cf Gdansk is dividcd intc distinct
phasos :-

1) a docrcnsing phase. corrosponding to tho Winter/spring months. und

2) an accumulating phase. corresponding to the su~or/autuo~ period.

Wo shall horcafter analyse these two phases soparutoly.

Tho DecrcasinR Proccss of Fat Ccntont

Tho decrco.sing process of fat content in the sprat of the Bny cf GdUllsk
co~ences alrendy in Docomber. Its sturting point is tho maximum provision of
October and Novonbor fat accumulated in tho erganism IlS a result of tho summer/autumn
fooding (3).

Tho docroase in fut content 1asts till lfuy/Juno. Tho docroasing spond of
fat qunntity from the starting level - in Octcber/November - is not tho sumo during
tho next winter and spring months. Tho lowest takes place in Docember. Janullry.
Fobruary. thon it decroases sovoral tines in 1furch. April. lby. after vmich it
stubilises in May/Juns on tho lOUGst lovel far tho ycnr. Comparing this with tho
cyclo of groTIth of the seminal glands wo mny affirm. that tho phase of low docroaso
of fat tnkes placo during tho poriod of tho small cyclo of gnmotoGonesis. Tho noted
stubi..islltion in Mny/June at the lowost lovel is constllnt during the months of !'ull
npo.wning. when tho sprllt ejacullltill(; by parts its se:ninal producto. nt the so...T.~ t.imo.
hOi'Jovor. in tho intervals. it alrcn.dy feods intensivoly.

Supposing thut during euch cycle of gumctogonesis tho docrenso cf fllt for
each unit of timo (T) takes plo.co at tho same rute. wo ~~y writo down:-
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where F menns tho quantity of fut in tho
sprat and r is thc coofficiont of roduction
of fat.
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Solvinc that equation ~e finally got tho fo11owing fomula for tho quantity of fat
in time (T):-

-rte where F is the reservo of fat in tho beginniTIG,o
Ft = the qunntity of fo.t o.fter 0. time t,

e = tho base of no.tural lObaritr~3.

From tho oquation (1) wo obtain the instantaneous coefficiont r:-

r =

•

'Iho coofficionts of fat reduction for euch of tho invostigo.ted yco.rs 1952-1962
hnve boen obtained from Formulo. (2) sopo.rntely for bothiho cycles of go.metogcnosis.
Wo have given their vo.luos in To.b1o 1. If from the do.ta shown in tho.t to.ble wo
oxclude the extremo vo.luos, thon 1'10 can seo tho.t tho reno.ining coofficients
g enorol1y chango in 11 smo.ll ro.ngo o.nd do not much differ from the o.rithmetico.l noo.n
of ovolo.ll yeo.rs.

The causes of tho great oscillo.tions of tho coofficionts of fo.t roduction
from the average of s evero.l yeo.rs o.re unknovm to us, moy be they o.re co. us ed by 0.

sorios of fo.ctors oxisting in tho environment as woll o.s in tho organism of tho
sprnt. If we investigato tho spoed of fat docrease in tho amo.ll and largo cycl0
of grunetogencsis, we ahall see that somo evident dependences appoar hear. To each
diminuation of speed of the fat docrease in the smo.ll cycle corrosponds, as 0.

rule, an aUGmentation of speed of that process durir,g tho noxt phase of the groo.t
cyclo of go.metogenesis (viz.: coofficionts for 1951/55 and 1956157). This rule
apparently holds true for the inverse also:- oach o.ccelcration of thc fat docreo.so
at tho initial phaso of tho gQ.I:letogonosis causcs its sloTdng down durine tho noxt
phase (viz~: coefficiants for 1957/58 and 1959/60). Undoubtodly, the spood of fat
transformation in both cyclos, as in general thc speed of transformution of rr~ttor

in the spro.t maturing for SPo.wni!lb, dopends on tho environmental conditions, though
wo ho.vo not been able to sto.te this interdcpendenco in an irrefuto.ble wo.y o.ftor
having o.no.lysed tho eventuo.l influenco of seme factorn o.s for eXD.nple the
influonce of tcmporo.ture of ~o.ter.

Admittirll; tho.t in Tuble 1 tho averagos for soyero.l ycars ropresent
corroctly cnough the speed of fat decrease in tho mest frequent mea.n surrounding
conditions then tho eqQ~tion (1) for each cyclo of the gamotogcnesis will got
tho following for.m:-

A) tho small cyelo of go.mctogonosis

F Q F 0- 0 ,0041 t
t 0

B) tho greut cycl0 of gnmotegonesis

F
t

= Foe-o,ell? t (4)

whore F is tho moan
quo.ntit~ of fat in
October/November

where F = quantity of
fat at ~ho end cf Fobr.

Process of Fo.t Accumulo.tion

The process of fo.t accumulation in tho sprat of tho Bo.y of Gdansk lasts
fram June/July to Octobor/trovembor. In tha lust tVlo months the quantity of fat in
tho sprat rea.ches its yoo.rly maximum und at tho same time romuins more or loss on
thc samo 10vc31.

From the invostigo.tions laid out by tt. Mankowski (4) o.nd by us (1) it results
tho.t the fo.t content mainly dopends on ecological factors (thormies of wutcr and
quantity of plankton). In Table 2 VJO havo given the quo.ntity of fat confirmod by us
as crn~arcd with the temporo.turo of wuter during tho fo~ding months of tho sprat
(July/Soptenber) and in tho wintor monthn, o.nd also compurod with the abundo.ncG
of plunkton notod by 17. MaTIkowcld nccordinc to tho 5 degroG s eo.le.
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The dutn presentod in thnt tuble huvo served to estimute the correlntive
cocfficicnt (We cite thc~ in Tublc 3).

From the comparison of the correlativc cecffioicnts ~o cun druw tho
following conclusiens:-

1. Tho quuntity ef fut ucc~ulutcd by thc sprnt in uutumn muinly depends
on thermic facters; tho feod stock ubundancc pluys nn important purt;
hewevor, as it SOOIDS, it is a rather secondary role.

2. Tho decisivo factor as to the quantity of plo.nkton pr:.,duct us woll o.s
to tho quuntity of uccurnulutod fo..t in the spro..t is the resorVG cf heat
onergy loft o.t tho ond of ':vinter in tho middlc la.yerG of 1'io.tor dcpth.

Applying tho dnto. given in Tablos 2 und 3 wo obtainod tho coofficicnt of pa.rtial
regression for fo.ctors Xl' X2, X3 to the quantity of fat (Y). Theso coofficionts
ho.vo tho following vulues:-

Xl (tempcro..turo of v:utcr in summer) to Y (contcnt of fat) ;: 0,<1806

X2 (tempero..ture of wuter in 'wintor) to Y (content of fut) = 0,6146

X
3 (quo.ntity of plo.nkton) to Y (contont of fa.t) ;: 0;0647

Tho abovc-cited coefficients of purtial robression have servcd to fom the
following equo.tion of tho multivarious regression type.

+ + b •• X ••

In our cuse tho euqo.tion ho.s to.kan the following o.spect:-

,Y = -4,84 + 1,09 Xl +

•

By uso of tho oquation (5) wa ho.vc estino.tod the contents of fo.t in O~tober

o.nd November for the investigo.ted yoars ID54-61. The va.lucs r.n.ire been compo.red
in To.blo 5 with the vo.luos observod by us, whore for onch yoo.r Wo ho.vo ostima.ted
the rospoctivo devio.tions. These devio.tions da not, in genero.l, oxcced 1%, the
only cxcoption being thc yea.r 1960. In tha.t yco.r proba.bly tllO quo.ntity of fut
o.ppoo.red thrcugh thc nction of sonG oxtra factor boside those o.lreo.dy to.kan in
thc ostimation, i.o. the tempGr~tur0 of water o.nd quantity of pla.nkton•

Tho smo.ll ro.ngo of dovia.tiol'!:3 of tho fa.t contonts estina.tod on th3 ba.se of
tho observod contonts proves tha.t oquation (6) in 0. sa.tinfa.ctory ~a.y exprosses tho
relation beu~cen tho rat a.ccumulo.tion proc8ss und tho biotic o.nd o.biotic fa.ctors
of tho environment, which 1~C ha.vo considarod in th13 o"Va.lua.tion.

Conclusions

1) Tho chD.ngo of fa.t contunt in tho spro.t of tho 13ay of G1..'1.:r1sk in 0. yeur~ s
cycle ma.y be roprcsontod by mo.thomo.tico.l equations in 0. so.tisfa.ctory wuy.
In tho vlintor/spring poriod of docrea.so of fo. t, equo.tions tnkcn from tho
differentio.l o.nd intoGral ca.1culus fit best (equa.tions 1-4). In tho
summer/a.utumn poriod of regenoration of fat reserve by tho spra.t. ~hich
mo.inly depcnds on tho bnla.nce of hont cf wo.ter a.nd the production of
plankton, tho abundo.l1ce cf tha.t rCS::lrvo nny be ostimo.tod by the
equo.tion of tho multivo.rious regression (equntion 5).

2) The rute of the winter/spring fat dccreaso mo.inly doponds on the ro.pidity
of sexuul mo.turing cf tho spro.t. During tho greut cyclc of Go.netogoncsis
tho ro.te of fo.t docroa.sc on the o.vera.ge in thron tines quicker tho.n the
procGding smo.ll cyclo.

3) Prom tho correlo.tion ana.lysis it rosults tha.t the reservo cf heut euorgy
remo.ining in tho niddlo layors of wa.ter depth a.ftor the period of winter
coo1inb is docisivo for thc qua.ntity of production of plo.nkton und
consoquont1y for tho quo.ntity of fo.t o.ccumulntod by tho feoding sprat
during tho o.utu'rUl oonths.
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4) The equations (3 - 4 - 5) may bc useful to tho forecasting 01' fat quantity
in tho sprat 01' tho Bay 01' Gdansk. The very high dependance between the
tcmpcrature 01' middle layors in thc last months 01' winter and the quantity
01' fat in the sprat in autu~n pormits to foresee thc latter qunntity with a
fair1y good accuracy nlrcady in February/~~rch each yenr.
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Yoars of
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Tablo 1. Instantanoous coofficionts of fat reduction calculatod for the wintor/spring
period of 1954-1962

~Cy~~~ or-~om~:t.~c.ncsiS 1 ~~=~ ~ma;l Cy~_~c-=-_===l-=-~~==_~~- grünt cycl0 _

Mo~ths_~~ycl_e dUro.~~~ ~+- ~~~_~_~__~~I -----L . ~II~_~~_~__~ --

Durnt~~~_~_~~~~o (I~n days_~ +___ :~ j . ~o !

Time adoptcd for: LF0 ~- nvero.g~ fa~_onten: in-':-X~---ll- rot cont~nt ot the _ond o~ Februn~
I t '11 31.XI 28.I1
, 0 ,________________ --------j-------------------------------------;--------_.---------------.------------1---------·

I I I :1954/55 i (0.0028) , 1955 I 0.0154
1955/56 i 0.0046 1956 0.0139
1956/57 I 0.0011 i 1957 0.0148
1957/58 I 0.0049 Years of. I 1958 0.0109
1958/59 I 0.0046 observat~onl1959 0.0084
1959/60 I 0.0052 1960 I 0.0096

I 1960/61 I 0.0042 I I 1961 0.c112

-1
1961/62 I 0.0042 I I1 1962 0.0099

I \ ' :
r~~-:-;:-~- ~------~-----------------;~~~4.1-------------- -1- ----A~-~--;-_:g-;--------- -l----;;-~ -;Ü7---

---------,-~_._----------------,-~--_._-_.-.

I

C1l

I



- 6 -

Tab1e 2. QUantity of fat in the spra.t of the Bay of Gdansk in October and
November and temperatura of water during the feeding period, tho
thennic cha.racter of winter and the abundance of zooplankton.

Qua.ntity of
plankton in
sur.uner o.cc.
to Mn.TIkowski

. :Mean tempero.turo
in tho Deop of Gdo.nsk
in the 30-50 m 1a.yer
in Februa.ry;i~arch

,-
16.5 1.3 3
18.7 2.6 4
15.8 -0.2 1
16.9 2,7 5
17.2 1.1 3

_J_!~_~_~ J ~_:_~ ~- t__

X
2c . _

n tempera.ture of
er o.t tho surfo.co
er noo.r the Hel

ninsu1a in J uly and
tEmber

----------------- ------------------f-----------f

Maan contont Mea.

Years of
of fat in wat

obsorvation 6ctober a.nd 1a.y
November Pe

-,
Scp_.

Y

%

1954 13.7
1955 19.1
1956 11.8
1957 I 16,8 .
1958

I
14.9

1959 17.5 I

1960 16.3 I

I J_____1961 17.2

Tahle 3. Relations bob~een tho tempero.ture of wa.ter in summer (Xl) o.nd
winter (X

Z
) between the quantity of p1a.nkton (X3) and

the quantJ.ty of fa.t in the o.utumn sprnt (Y)

ITemperature of
--

Tempernture of Qun.ntity of
Relations: wa.ter in summer v~a.ter in winter zooplankter.

f-----
Xl .L X2 X3

Coci'i'icient of corre1o.tions

I
--

Relations botween the
qun.ntity of o.ccumulo.ted 0.8450 0.8696 0.6587
1'0.t in autumn o.nd

Xl' X2, X3

Relations between the
quo.ntity of p1o.nkton 0.4572 0.8195 -
and Xl o.nd Xz

-

Relation between the
tomperature of wo.ter 0.6410 - -
in summer and Xz

-

•
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Figure 1. Osci11ations in a yearls cyc1e cf the quantity cf fat
in the sprat cf the Bay cf Gdo.nsk during the years
1954-1962 •


