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In our papeor we make an attempt to fit mathematical formulac, mainly taken
from tho multifarious correlation calculus, to the existing dependence between the
contents of fat in the sprat of the Bay of Gdafisk and physiological (gametogonecsis)

' as well as envirommental factors (wator temperature and sbundance of plankton).

We shall base our investigation on the content of fat completed in the years
1954-62. During that period wo have exanined a total of 211 samples from sprat
catches taken in the Bay and in the Deep of Gdahsk.

Thoe changes in contonts of fat in particular months of a yecarl!s cycle
egtablished by annlysis are showm in Diagranm 1, which shows that the yecar's cycle of
changos of fat in the adult sprat of the Bay of Gdafisk is divided into distinct
phasos:-

1) a docreasing phase, corresponding to the winter/spring months, and

2) an accumulatiné phase, corrcsponding to the sumhcr/hutumn period.

We shall hercafter analyse these two phases soparately.

Tho Decreasing Proccss of Fat Content

‘ The decreasing process of fat content in the sprat of the Bay of Gdahsk
comnences already in December. Its starting point is tho maximum provision of
Octobor and November fat accumulated in tho organism as a rosult of the summer/autumn
feoding (3).

Tho docrease in fat content lasts till May/June. The decreasing spend of
fat quantity from the starting lovel - in October/November - is not the same during
theo next winter and spring months. The lowest tokes place in December, January,
February, thon it decreases soveral times in March, April, Moy, after which it
stabilisos in May/Juns on the lowsst level for the year. Comparing this with the
cyclo of growth of the seminal glands we mey affirm, that the phase of low decreaso
of fat takes placo during tho poriod of tho small cyclo of gametogenosis. The noted
stabil.isation in.May/Uune at thoe lowest level is constant during the months of full
spawning, when the sprat sjaculating by parts its seminal products, at the same timo,
howover, in the intervals, it already feocds intensivoly. .

Supposing that during each cycle of gametogonesis the deerease of fat for
cach unit of timo (T) takos placec at tho same rato, we way write downs-

daF - where F means the quantity of fat in the
dt sprat and r is tho coofficient of reduction
) of fatv
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Solving that equation we finally got the following formula for tho quantity of fat
in time (T):~

F =F e-rt where FO is the rescrve of fat in the beginning,
F, = the quantity of fat after o time %,

e = tho base of natural logarithms.

From the cquation (1) we obtain the instantaneous coefficiont ri-

loge Fo - 1ogG Ft

r =
t

The coefficients of fat reduction for cach of the investigated years 1952-1962

have boen obtained from Formula (2) scparately for boththe cycles of gametogenesis.
Wo have given their values in Table 1. If from the data shown in that table we
oxclude the extreme values, then we can seo that the remaining coefficients
gonorally change in a small range and do not much differ frocm the arithmetical moan
of ovorall years.

The causes of the great oscillations of the coefficionts of fat roeduction
from the average of scveral years are unknown to us, may be they aro caused by a
serics of factors existing in the enviromment as woll as in tho organism of the
sprat. If we investigate the speed of fat decreasc in the small and large cycle
of gomotogenesis, wo shall sce that scme evident dependences appear hear. To ecach
diminuation of spceed of the fat decrease in the small cycle corrosponds, as a
rule, an augmentaticn of spoed of that process during the next phasc of the great
cycle of gametogenesis (viz.: coofficionts for 1954/35 and 1956/57). This rule
apparently holds true for the invorse also:~ ocach acceleration of the fat decreasc
at the initial phasc of the gamectogoncsis causes its slowing down during tho next
phase (viz.: cocfficionts for 1957/58 and 1959/60). Undoubtedly, tho spoad of fat
transformation in both cycles, as in general the speed of transformation of matter
in the sprat maturing for spawning, dopends on the envirommental conditions, though
we have not beon gble to state this interdepondenco in an irrefutable way aftor
having analysed the eventual influcnce of scme factors as for oxample tho
influonce of tompeorature of water.

Admitting that in Table 1 the averages for scveral years roprescnt
corroctly gnough tho speed of fat decreaso in the mest frequent mean surrounding
conditions thon the equation (1) for ecach cycle of the gamctogenesis will get
the following form:- ‘

A) the small cycle of gametogenesis

-0,004l t (3) where F_ is tho moan
guantity of fat in
October/Novembor

Ft = Foe

B) +tho great cycle of gametogenesis

F -0,0117 t (2)

t Fo0

vhere F_ = quantity of
fat ot Bhe end of Fobr.

Process of Fat Accumulation

The process of fat accumulation in the sprat of tho Bay of Gdansk lasts
from Juns/July to Octobor/ﬁbvember. In the last two months the quantity of fat in
tho sprat reaches its ycarly maximum and at tho same time romains more or less on
the samo level.

From the investigations laid out by . Mafkowski (4) and by us (1) it rosults
that the fat content mainly depends on ccological factors (thermics of water and
quantity of plankton). In Table 2 we have given the quantity of fat confirmed by us
as comparcd with the temperature of wabtor during the fouding months of the sprat
(July/goptember) end in the wintoer months, and also compared with the abundance
of plankton noted by W. Mafkowski according to the 5 degree scale.,
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The dota presented in that table have served to estimate the correlative
coefficient (Wo cite them in Table 3).

From the comparison of the correlative cooffisicnts we can draw the
following conclusions:-

1. Tho quantity of fat accumulated by the sprat in subtumn mainly depends
on thermic factors; the food stock abundance plays an important part;
however, as it sooms, it is a rather seccndary role.

2. Tho decisive factor as to the quantity of planlkton pruduct as well as
to the quantity of accumulatod fat in the sprat is the rescrve of heat
cnergy left at the end of winter in the middle layers of uvatcr dopth.

Applying the data given in Tables 2 and 3 wo obtained tho coefficioent of partisl
regression for factors Xy, Xo, Xz to the quantity of fat (Y). Theso coofficicnts
have the following values:-

X (temperature of water in summer) to Y (content of fat) = 0,4806
X, (temperature of water in wintor) to Y (content of fat) = o0,6146
XS (quantity of plankton) to Y (contont of fat) = o0.0647

The above-cited coefficients of partial roegression have served to form the
follouing equation of the multivarious rsgression type.

= } + +
Y l‘- +lel bzxz ® ¢ @ PP 58 & 89 &6 b..X..

In our cose the cugation has taken the following aspect:-

Y =-4,88 +1,09X + 1,8LX, - 0,15 X, (5)

By usc of the cquation (5) we have estimated the contents of fat in O~tober
and November for the investigated years 1854-61. The values have been comparced
in Tablo 5 with the valuss obsorved by us, whore for sach yoar we have estimated
the respective deviations. These deviations do not, in genoral, exceed 1%, tho
only excoption being the year 196o. In that year probably the quantity of fat
.appoarcd thrcugh the action of somo extra factor beside those alrcady toakon in
the estimation, i.e. the tempernturc of water and quantity of plankton.

The small range of deviations of the fat contents cstimated on ths bass of
the observed contents proves that cquation (6) in a satisfoctory way oxpresses the
rolation between the fat accunulation process and tho biotic and abiotic factors
of the envirorment, which we have considsred in the evaluation.

Conclusions

1) Tho change of fat contunt in tho sprat of the Bay of Gdafisk in a yearis
cycle may bo roproscnted by mathematical equations in o satisfactory way.
In tho wintcr/épring poriod of docreaso of fat, cquations taken from the
differential and intogral calculus fit boest (cquations 1-4). In the
summer/ﬁutumn period of regoneration of fat resorve by tho sprat, which
mainly depends on the balance of heat of water and the preduction of
plankton, tho abundonce ¢f that reserve may be cstimated by the
equation of the multivarious regrossion (equation 5).

2) The ratc of the winter/%pring fat deercase mainly depends on the rapidity
of scxual maturing cf the sprat. During the great cycle of gamctogenesis
thoe rate of fat decrcasc on the average is throe times quicker than the
proceding small cyclo.

3) From the correlation analysis it results that the resorva of heat energy
remoining in the middle layors of wator depth aftor the period of winter
cooling is docisive for the quantity of production of plankton and
conscqueontly for the quantity of fat accumulated by the feeding sprat
during tho autumn nonths.
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The equations (3 - 4 - 5) may be useful to the forccasting of fat quantity
in the sprat of tho Bay of Gdafisk. The very high dependence between the
temperature of middls layers in the last months of winter and the quantity
of fat in the sprat in autumn permits to foresee the latter quantity with a
fairly good accuracy already in February/Mﬁroh each year.
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Tablo 1. Instantancous coefficients of fat reduction calculated for tho wi .
' & . wintor/s :
period of 1954-1962 intor/spring

Cycle of gametogoencsis small cycle great cycla
Months of cycle duration XII - I - II , 1 - IV - V
Duration of cycle (in days) 9 90
F average fat content in X-XI fat content at the end of February
Timo adopted fors °
t 31.XI 28,11
1954/55 (0.0028) 1955 0.0154
1955/56 0.0046 1956 0.0139
1956/57 0.0011 1957 0.0148
Yoors of 1957/58 0.0049 Years of 1958 0.0109
bfo tion 1958/59 0.0046 observation| 1959 0.,0084
ObSOrvatLo 1959/60 0.0052 1960 0.0096
1960/61 0.0042 1961 0.cil2
1961/62 0.0042 1962 0.0099
Aversasgo 0,0041 - Average  0.0117
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Table 2. Wuantity of fat in the sprat of the Bay of Gdafsk in October and
November and temperature of water during the feeding period, the
thermic character of winter and the abundance of zooplankton.

Mean content Mean temperature of " Mean temperature Quantity of
Yoars of of fat in vater at the surfaco in the Deep of Gdafisk plankton in
obs orvation Bctober and layer near the Hel in the 30-50 m layer summer acc.
November Peninsula in July and in February/March to Mankowski
September
Y Xl X2 X3
% °C og
1954 13.7 16.5 1.3 3
1955 19.1 18.7 2.6 4
1956 11.8 15.8 -0.2 1
1957 16,8 16.9 2,7 5
1958 14,9 17.2 1.1 3
1959 17.5 18.8 2.4 3
1860 16.3 17.0 l.o 2
. 1961 17.2 17.0 2.9 3

Tohle 3. Relations between the temperature of water in summer (X ) and
winter (X,) between the quantity of plankton (XS) and
the quantity of fat in the autumn sprat (Y)

;Temperature of Temperature of Quantity of
Relations: water in sumer water in winter zooplankter.
X1 % X5

Cocf'ficient of correlations

Rolations botween the

guantity of accumulated 0.8450 0.8696 0.6587

fat in autumn and
Xy Xps Xg

'Relo.tions between the
quantity of plankton 0.4572 0.8195 -
and Xl and Xz

Relation between the
temperature of water 0.64lo - -
in summer and Xz
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~Figure 1, Oscillations in a year!s cycle of the quantity of fat
in the sprat of the Bay of Gdafisk during the years
1954-1962.



