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INTRODUCTION

The purpose of these investigations was o determine the amount
of fat present in the tissues of the sardine (Clupea pilchardus Walb.),
in relation to the length, sex, and the stage of maturity of this clupeid
species, as well as to supply information on the variation of fat
content during the fishing season.

These investigations were carried out on samples of fish -col-
lected during the 1949 fishing season, within the period from Maty;
5th to October 26 th. As the sardine fishing in the Adriatic extends,
in its major part, during the darks of the moon, and mainly from
April to October, the fish used for these investigations were catched
in these intervals.

The investigated samples derived from the Mid- and South-Dal-
matian regions respectively. The following regions were involved:
Kastela Bay, Poljica Littoral, Split Chlannel (coast of Brac¢ Island),
Hvar Channel (coast of Hvar Island), Pakleni, Vis, BiSevo, and Mljet
Islands. The localities where the samples were taken are shown on
the map placed at the end of this report.

METHODS

1. Coliection of ‘Samples,

The samples used for analysis of fat content in the sardine tis-
sues were taken from the fishermen's catches. From every catch 100

or more individuals were taken and their total length (including the

caudal fin) measured.
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Each sample was divided into two groups, one including the
individuals the total length of which varied from 12 do 16 cm, and the
other consisting of specimens exceeding the length of 16 cm. It was
not necessary to put an upper limit for the latter group, the maximal
length of the sardine found during these measurements being 189
mm. From every group 6 individuals were taken without selzction.

These samples were used to establish the relationship between the

length and the fat content of the fish.

When dealing with sardine samples intended for obtaining an
eventually existing relation between the sex and the fat content, the
total length of the individuals and their sex were determined. From
the measured fish of a definite length 6 males and 6 females were
taken for the purpose of the analysis of the fat content in the tisr
sues.

' The condition of the gonads was established with every sample.
This was achieved by application of the H jort scale for the deter-
mination of the degree of ripeness of the herring gonads, as adapted
by Le Gall (1930), Belloc and Desbrosses (1930), and
Furnestin (1939—1943), for the sardine investigation'). All
fish, involved in the samples for fat analysis investigated from May
18th to August 24th inclusively, showed the I and II degress of ma-
turity.

2. Preparation of .Samples for Analysis

Scales, head, tail, gut, and vertebral columm were removed from
every spécimen. The superfluous water and dirtiwere taken away by
means of & cloth. The fillets, prepared in this way, hermetically closed
in glass bottles for conservation, were boiled in water for tiwo
hours for the purpose of sterilization, because the estimate of fat
content was to be carried out later in the laboratory, and not imme-
diately on board. The favourable side of this proceeding consisted
therein that it facilitated the homogenization of material prepared
for the analysis. _

Before starting the analysis, the contents of each conservation
bottle were well shaken in the bottle itself in order to avoid waste of
fat, which is likely to stick at the vall of the container, and then placed

T) The degrees I and II indicate the gonads reduced to minimum,
the degree VI denotes the ejection of ripe sexual products.
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to dry in the drier at a temperature of 80° C to reach the constant
weight, Thereupon the dried substance was crushed in the mortar
to powder and put into small glass bottles which were then well

- closed. In this way the samples were prepared for the analysis.

3. The Analysis

Two methods were applied at the same time to determine the fat
content of each sardine sample, the method of Soxhlet extraction, and
the adapted Soxhlet method for serial fat estimation as described by
Wimpenny (1938), and from the values resulting by applying
both methods we obtained our averages.

The amnalysis made by the method of Soxhlet extraction was car-
ried out in the following way. A quantity of about 5 g of fish dried
up to the constant weight and finely crumbled was exactly weighed
in the extraction tube and then extracted by means of ethyl-ether in
the Soxhlet apparatus in the course of 24 hours. Upon the evaporation
of the ether, favoured by a water bath, the extracted fat was dried
at a temperature of 80° C to reach the constant weight.

The method of Soxhlet extraction, being found unfit for serial
investigations owing to its taking too much time and requiring con-
siderable quantities of solvent and of material for investigation, the
application of another method was at the same time practised. The
other method, originated by Meig for the purpose of estimating
the fat in the milk, was adapted by Wimpenny to serve the se-
rial estimation of fat content in herring. The applicability of this
latter method tio the serial estimation of fat content in sardine tissues
has thus been tested in the course of these investigations.

The essentiial difference between the two methods consists there-
in that by the method of Soxhlet extraction the fat content is being
directly established when the extraction has taken place and upon the
evaporation of the ether, by weighing the substance in the container,
whilst according to Wimpenny the fat content results from the
difference between the two weights of the analyzed substance, i. e.
before and after the extraction.

Whilst investigating the fat content in the sardine tissues, the
Soxhlet method as adapted by Wimpenny has been slightly sup-
plemented. The tubes, containing the material for extraction by this
method, were formerly stopped at the bottom with glass wool only.
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It happened then that tiny particles of the material passed through
the layer of glass wool at the bottom or floated up running over the
upper opening of the tube. By using two layers of cotton and one layer
of glass wool between them at the bottom of the tube, and some
cotton again atop of the material, that occurence has been eliminated.
Before it was used, the cotton was subjected to extraction by means
of ethyl ether. '

The glass extraction tubes, used for these analyses, measured
7—9 cm in length and 8—10 mm in diameter (Fig. 1). The bottom
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Coton  Glass wool Substance

Fig. 1 — Preparation of the glass tubes for extraction.
On the left: the tube stopped on the bottom with layers
of cotton, glass wool, and once more cotton.

On the right: the same tube filled with the substance
and covered with cotton.

of the tubes, closed by melting, had a hole measuring 2—3 mm in
diameter, and was stopped with a layer of pure cotton, then with a
layer of glass wool finely ground in a mortar, and over it was placed
another layer of cotton. Each of these layers was about 0.5 cm thick.
The tube prepared in this way was then dried in the drier at a tem-
peratlure of 80° C during 48 hours, and thereupon weighed together
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with the cotton serving to close the contents of the tube. Next came
the material — a quantity of 0.2 to 0.5 g exactly weighed — being put
into the tube and stopped with the mentioned piece of cotton. The
‘tubes were tied together in sheaves comprising 6 or more pieces,
their number depending on the size of the central part of the Soxhlet
apparatus, and then they were put into thati part of the apparatus
(Fig. 2). After the extraction had taken place in the course of 24

Fig. 2 — Six tubes being extracted at the same
time by the Soxhlet apparatus.
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houts, the tubes were again dried for 48 hours at a temperature of
80° C and then reweighed.

During the drying of tubes after the extraction had taken place,
the rapid evaporation of ether.may cause the contents to escape
over the top of the tubes. This was avoided by previously drying
the tubes at the temperature of the room.

The difference resulting between the second weighing, i. e. of
the tubes before the extraction, and the third one, i. e. of the tubes
after the extraction, shows the quantitly of the extracted fat, which
is then expressed in percentage with regard to the weight of the ma-
terial weighed, that is to the weight of the material dried to the con-
stant weight.

The results cbtained by means of both methods were in mutual
agreement. The highest difference in the amount of the extrracted fat
amounted to 0.2 %.

It is necessary to point out that the data resulting from the
analyses made to estimate the amount of fat present in the sardine
tissues, which are dealt with in the text, as well as in the tables, and
in the graphs of this paper, refer to fat contained in 100 g of com-~
pletely dried material.

DISCUSSION OF RESULTS

1. The Fat Content in Relation to the Length of Fish

The results of the investigation into the fat content in the sar-
dine tissues of the two length groups are shown in Table I. As evi-
dent therefrom, the amounts of fat established in the tissues of each
of the two groups differ between themselves. In most cases the fat
content was found to be higher in fish having a total length of 16 ¢m
upwards than in fish measuring from 12 to 16 cm. This difference
was most problably caused by the more intensive growth of smaller
fish. Observations made with other kinds of fish resulted in analogous
condition with regard to fat content.

The investigations into the Atlantic sardine, carried out by
Fage (1920), resulted in considerable differences between the fat
contents in the tissues of the one year old fish and of the individuals
beyond that age. The former showed a very low fat content in the
tissues in comparison with the latter. ‘
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TABLE [. — The Results cf the Analysis of Fat Content in 100 g of Dried
Substance with Regard to the Length of Fish ‘
Flzt t&nlant of e s :-'Ei
eng roups . gf;;
Locality Date ‘ [:;;I:e- E =5
<f6m | =16wm 2 gég
Vis L. 5.V.1949 | 21.1 | 17.1 | — 4.0 | 19.1 15.9
(north-west boasﬁ)
Pakleni Is. 18. V. 1949 | 27.3 | 32.1 | 4+ 4.8 | 29.7 15.5
’ Bisevo I. 20. V. 1949 | 29.6 | 338 | 4+ 42| 317 16.3
Vis L. . 23. V. 1949 | 252! 288 | 4+ 3.6 | 27.0 15.8
(north coast)
Mljet 1. 30. V. 1949 | 233 | 331 | + 9.8 | 28.2 16.5
(north-west section)
“Vis L 22, VI, 1949 | 389 | 44.5 | 4+ 5.6 | 41.7 16.3
(south coast) .
Hvar I. 15. VII, 1949 | 16.8 | 29.7 | + 129 | 233 15.3
(north-west section)
Vis I. ‘ 16. VIL. 1949 | 39.2 | 42.1 | 4+ 29| 407 15.8
(north-west coast)
Hvar I “ 25 VIL 1949.| 27.1| 33.1 | 4+ 60| 301 15.4
(north coast!
. Poljica Lit, 30. VII. 1949 | 29.7 | 363 | + 6.6 | 33.0 15.0
Paklen 1. 22 VIIL 1949 | 42.5 | 486 | + 61| 456 | 16.2
1
Vig 1. 24. VIII. 1949 | 416 | 445 | 4+ 2.9 | 431 16.4 1
(north coast) |
Hvar 1. 28. IX. 1949 | 455 | 42.0| — 3.5 | 4338 16.4 i
(north-west section) ) g
Vis L. 29. IX. 1949 | 42.0| 459 | + 39| 440 16.7
(north coast)
Brad I. 13. X. 1949 | 37.2 | 443 | 4+ 741 40.8 16.2
(west section)
Braé I. 26. X. 1949 | 26.7 | 3511 4+ 84| 309 14.7
(west section; i
»
Furnestin (1939—1943) found a relatively low fat content
in the immature Gascony Bay sardine in comparison with the amount
of fat shown by the two years old individuals.
As evident from Table I, there were two cases where the fat

; ‘content was found to be higher in the group of smaller individuals.
‘It was possible to explain one of these cases in the paragraph dealing
with the influence of sex and the stage of maturity upon the fat con- |
tent.
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The differences of value of the fat content between our two
length groups were insignificant in some cases, but' sometimes consi-
derable. The greatest difference noticed amounted to 12.9.

2.Variation of Fat Content during the Fishing Season

Table I shows the mean values of fat content in the sardine tis-
sues, computed for both groups. We notice that they vary in a wide
range. The lowest mean value amounted to 19.1, and the highest one
to 45.6. Some irregularity in the variation of fat content during the
fishing season was found. Respectively low values of fat content
resulted from samples taken from the May catches, whilst the highest
ones were yielded by the samples taken from the August and Sep-
tember catches.

The computed mean value of fat content resulting from samples
taken from the May catches amounted to 27.3, whilst the August and
September samples yielded 44.1 (tab. II). This fact might be of interest|
to fish cannig industry. The low fat content in the sardine tissues of
the samples taken from the May catches was probably due, in the
first place, to the just terminated sexual activity. It is necessary to
mention that the spawning of sardine in the region of the Mid-Dal-
matian islands takes place in the late fall and in winter (Gam u-
lin, 1948).

TABLE . — The Monthly Values of Fat Content in 100 g of Dried .Subslance
Fat Content of
Length Groups
Month Ditference “ Average
= 16 cm = 16 cm
May 25.3 28.9 3.6 271
June 38.9 445 | 5.6 41.7
July 320 37.2 52 34.6
August 421 46.5 4.4 44.3
Septembre 438 14.0 0.2 43.9
October ‘ 31.9 39.7 7.8 35.8
Average 357 40.2 4.5 37.9
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Some deterioration of quality during the spawning season or
immediately afterwards was observed on several kinds of fish. By
analyzing the relation between the weight and ithe length of indi-
viduals Clar k (1928) found a decrease of fatj content in the Califor-
nia sardine (Sardinops caerulex), exceeding 200 mm in length, to take
place from January to May. This author revealed the correlation
‘between the variations of the weight-length relationship and the va-
riations of fat content in this clupeid species. During the same time
‘interval Clark was able to observe an increase of fat content in
specimens not exceeding 200 mm in length. The spawning season of

‘the California sardine lasts from January to June, reaching its maxi-

el intensity in April and May (Hart, 193%).

In Furnestin’s opinion (1939—1943), on the contrary, the
accumulation of fat in the Atlantic sardine is dependent; in the first
place, upon the hydrologic factors responsible for the distribution of
plankton. According to this author, the cause of the decrease of fat
content in the sardine is to be sought in the decreasing quantities of
zooplankton and in the decreasing temperature during the January—
"March period. The same author also maintains that the fat quantity
‘was more due to the influence of the feeding conditions than
of the physiologic state of fish, and thati consequently, the decrease
of fat content in the winter months and the sexual maturing of sar-
-dine have no causal connexion but represent a mere coincidence.

The analyses carried out with the samples deriving from the

May catches show that the regaining of fat in the tissues of Adria-

tic sardine took place in May. No analyses as to fat content were,
‘however, made with specimens belonging to the April catches. It
seems that the regaining of fat found place in a relatively short time,

.as it may be judged from the fat content recorded in the sardine

:sample of June 22nd.

A sudden accumulation of fat after the termination of the sexual
activity and of the growth period was found in the Cornish pllchard

by Hickling (1945).

The approximate estimate of the periintestinal fat — according

‘to the empiric scale of five degrees (L e Gall, 1930) — made during
‘the comparative biometrical analyses of samples of the Adriatic sar-

dine catches, generally agreed with the chemical estimate of fat con-

“tentlin the tissues. The lowest mean values of the periintestinal fat in

sardine were found in May. The increase of this fat was possible to
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follow during that month. The highest mean values of the periin~
testinal fat were recorded in August. A certain decrease of this fat
was manifest in September, the fat content of the tissues remaining-
unaltered. It is not umiikely, therefore, that the consumption of the-
stored up fat goes at the expense of periintestinal fatl in the first
place and only then of the fat in the tissues.

Fage (1920) observed that the accumulation of periintestinal
fat in the Mediterranean sardine, after 'the termination of its sexual
activity, began in May. In August, the same author was able to find
a considerable fat value in the sardine tissues belonging to individuals-
of an average length of 150 mm. No analysis as to fat content in the-
tissues having been made with specimens belonging to July and Sep- -
tember catches, it remains unknown whether the recorded fat quan-
tity represents the maximal value for Mediterranean sardine.

The minimal fat content in the Gascony Bay sardine was found.

by Furnestiin (1939—1943) to occur in March; its increase be--

gan in April to reach the maximal value in November.

The decrease of fat content in the tissues of the Adriatic sardine
during the first half of October was of little lmporta.nce, as shown.
by the October 13th sample.

One of the reasons for some irregularity of the variation of
fat content during the fishing season, established on the basis of its
mean values, may be sought in the different length of the individuals
composing our length groups. Thus a group measuring from 12 to 16.
cm, will contain more larger individuals, provided 'the whole catch,.
from which the sample for the analysis was taken, consisted of fish.
having a greater total length. The same applies to a group of fish
measuring from 16 cm upwards. In order to explain the observed
irregularity of the variation of fat content in the tissues during the
fishing season, mean values of total length were here applied, these
being obtained by measuring a greater number of fish whilst car--
rying out the parallel biometrical analyses of sardine catches. Those-
values are shown in the last column of Table I. By mutually compar--

ing the mean values of fat content obtained from the analyses of

samples with & similar average total length, a greater regularity of
variation of fat content becomes noticeable. The length frequency of
the individuals composing a sample from which the material for the:
analysis had been taken, is, therefore, not irrelevant.
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Another reason for the irregularity of variation of fat content
‘might have been the different origin of sardine samples.

The mean values of fat content from Table I have been used for
‘the graphical survey of the variation of fat content during the fishing
season. (Fig. 3). '

The diagram is based upon the mean monthly values of fat con-
tent in the sardine tissues. The concerning data are shown in Table

50%%
40
J0
20 - — - . -
Moy  June  July Avg  Sept. Oct.
Fig. 33 — Diagram showing the wvariation of fat content in

the sardine tissues during the fishing season.

‘II. When estimating the mean value of fat content for July, the analy-
:sis of July 15th was not taken into consideration, owing to its showing
exceptionally low value of fat content. The approximate estimate of
periintestinal fat made with the sardine catch sample of July 15th
did not show such a low wesuit.

The diagram reveals the minimal fat content of the May sardine
-samples and the maximal fat value of the August and September
ones. It is necessary to point out, however, that the monthly value of
fat content for June is based upon the analysis of a single sample.
‘It seems that the low quantity of fat found in the sardine tissues
in July is, to some extent, to be explained by the smaller average
‘length of catch samples from which the material for the analysis was
‘taken. It is significant that the decrease of fat content was hardly
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16th), whilst it was mamifest in the highest degree on a sample deri--
ving from the north-west section of Hvar Island (July 15th). The |
considerable decrease of fat content in October was due to the rela-- ]
tively low mean value of the total length of sardine sample taken:
i cn October 26th. ;

- The diagram on Figure 4 is based upon the average monthly"

|
' 14 !
noticeable on a sample deriving from the region of Vis Island (July
| ;

é | .

‘ i

{ |

JO A

20 + . — + +

Mey  Jume  July Aug. Sept. Oct.
Fig. 4 — Diagram shO'wihg the wvariation of fat content in
the sardine tissues during the fishing season, both length

groups.
i 3 B — < 16 cm

‘ values of fat content for each length group of fish separately, that
| is for the group consisting of individuals of a total length from 12 to:

“" 16 cm, and for the other one composed of specimens measuring over
r , 16 cm in length. We notice that the curves follow mainly the similar _ .
|
|

course. The maximal fat content appeared earlier in the group con-
sisting of larger individuals than in the group composed -of smaller
| ones. In the same way the definite decrease of fat content took place:
; earlier with larger than with smaller fish.

| SRR
\ : 3. The Influence of Sex and the Stage of Maturity upon the Fat
( ¥ Content
\'

The investigation into the fat content in the sardine tissues 'i_ni»
I . volved at the same time males and females of the equal total length..
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TABLE Ill. — The Results of the Analysis of Fat Content in 100 g of Dried
Substance with Regard to the Sex of Fish

— Fat conteat e 2"’9
2 3 eng e- o
Locality ' Date i é o Fence s
+ <
Vis I, 5. V. 1949 | 15.5-16 188 | 19.7| — 09| 193
(north-west coast)
Pakleni Is. 18. V. 1949 1525 245 | 219 | + 2.6 | 23.2
) Vis 1, 23. V. 1949 1575 | 80.7| 279 | 4+ 28| 293
(north coast) 3
Mljet 1. 30. V. 1949 16.75 423 38.2 | + 71| 388
(north-west section)
Braé I 21. VI. 1949 14.75 366 | 344 | + 22| 385D
(north-coast) ;
Hvar I 15. VII. 1949 15.25 204 | 2483 | — 39 | 224
(ncrth-west section)
Vis 1. 16. VII. 1949 15.75 442 | 393 | + 4.9 | 418
(north-west coast) !
Hvar I 25. VII. 1949 | 15.75 354 | 341 | 4+ 13| 348 ;
(north coast)
Poljica Lit. 30. VII. 1949 14.75 305 | 25.8 | 4+ 4.7 | 282
Pakleni Is. 22. VIIL. 1949| 16.25 46.3 | 86.3 | 4 10.0 | 41.3
Vis I, 24. VIII, 1949| 16.25 482 | 4171 | 4+ 65 | 449
(north coast)
Kastela B. 20. 1X, 1949 13.25 117 116 | + 0.1 | 11.7
O. Brat I, 13. X, 1949. 12-16 859 | 886 | — 26| 372
(west section) I )
The results of these analyses are shown in Table III. We learn there-
from that the males and the females of equal total length differed in
*l their fat content. The sardine males usually contained some more
fat in the tissues than the females. The difference varied from 0.1
l to 10.0. The awverage difference, “involving all the samples with a

higher fat content in the tissues of 'the males, was insignificant, and
amounted to 3.8. : '

It seemed from approximate estimate of periintestinal fat, made “
during the parallel biometrical analyses of samples taken from the !
sardine catches, that the males contained more fat than the females.

The smallest difference of fat content in the tissues between ! 1
the males and females were observed on the September 20th sardine ‘ ‘

- I
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I sample deriving from Kastela Bay. It is significant that the com-
i parison of the fat content involved here individuals measuring 13.25
‘ cm. This sample contained individuals of the smallest total length ina
series of samples used for the parallel analyses of fat content in the
i - ‘ males and females of the same length. It is necessary to mention
i that this sample included individuals which, certainly, did not reach
i the first sexual maturity.
Three sardine samples, taken. on May 5th, July 15th, and October
it 13th, yielded a meverse relation, that is the females showed a higher
i fat content in the tissues than the males. Those three samples de-
L rived from the period of the minimal fat content, or of its decreasing
in the sardine tissues. It should be said here that the stage of sexual
i ripeness was, for the May 5th sample III, and for the October 13th
one III—IV. The stage of ripeness for all the remaining sardine
| samples, dealt with on Table III, was I—IL
i The maximal value of fat content which was possible to establish
: in the course of these investigations, amounted to 48.2 for males, and
41,7 for females. These data were obtained from the sardine sample
of August 24th. '

A definite answer to the question whether the stated facts indi-
| cate the existence of some difference in fat content between the two
sexes at the time of investigation, would be impossible without a
previcus examination of the amplitude of individual variations as
to amount of fat present in the sardine tissues.

Considerable individual differences in the weight - length re-

" lationship of California sardine have been found by Clark (1928),

‘ It which, in his opinion, are not caused by the difference of sex.
\‘ I According to El Saby (1937), the amount of fat present in the
tissues of Sardinella aurita and Sardinella ebba was not influenced by , !

AR

ek

| 4 the difference of sex. This author maintains that the species with a '

T 3.‘ high fat content show considerable individual differences in this

‘ respect. \
1

il | Table IIT contains also mean values of fat content for both males
j and females, showing the interdependence between the amount of fat

[ i and the length of fish. The maximal mean value of fat content was
] i established for sardine of 16.25 cm total length (sample of August
24th), and the minimal one for sardine of 13.25 ecm total length

i (sample of September 20th). This latter sample yielded an extraordi-

£ R TR R S AR e S N

i (304)




i

nary low amount of fat present in the tissues, a fact to be explained
by the intensive growth of fish of that size.

Analyses made with the individuals of equal total length, catched
within a short time interval on different localities, yielded different
amounts of fat present in the tissues. This was evident from the
samples of July 16th and 25th involving fish of 15.75 cm and fish
of 16.25 cm from the samples of August 22nd and 24th. Sardine deri-
ving from the region od Vis Island showed a higher fat content by
both comparisons, It follows that fish of equal length, catched within
a short time interval on different localities, need not always agree
in quality.

Constant local differences as to fat present in young Passama-
quoddy herring were found by considering the relationship between
the weight and the length of fish (Battle, Huntsmam, A. M.
Jeffers, G. W. Jeffers, Johnson, Mc Nairn, 1936). This

fact lead to the conclusion that there were almost no movements of

herring at the time of investigation.

TABLE IV. — The Results of the Analysis af Fat Content in 100 g of Dried
Substance of Males and Females in Relation to the Stage of Ripeness

o - . Fat Content - )

engin age o 111e-

Bute in cms Ripeness A (o} rence Averise

e} +

5. 7. 1949 12-16 I-11 20.5 21.6 1.1 21.1
5.7.1949 |  15.5-16 mr| 188 19.7 0.9 19.3
5. V. 1949 = 16 v 16.0 18.2 2.2 17.1
13. X. 1949 12-16 | II-IV | 35.9 38.5 2.6 372

Table IV contains the results obtained by the paraillel analysis
of fat content in sardine males and females of the same length groups
and of the same stage of maturity (sample of May 5th and October
13th). These results show an insignificant overbalance of fat present
at that time in the tissues of sardine females in comparison with the
males of the same stage of ripeness. ‘
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Table IV explains also why a lower amount of fat was present
in the group of larger individuals than in the group of smaller ones,
both deriving from the sample of May 5th, although the first group
included probably more females, which at that time contained more
fat in the tissues thian the males (Tables I and III). Female sardine
does outgrow the male of the same age (Fage, Le Gall 1928,
Bellocand Desbrosses, Muzinié¢ S.). The group including
larger individuals showed, namely, a more advanced stage of ripeness
in comparison with the one consisting of smaller specimens. The influ-
ence exercised by the stage of ripeness on the fat content is manifest
and so pronounced, that it overweighs the influence of the length and
of the eventual sex difference. ;

Another conclusion follows necessarily from data contained in
Table IV. By comparing, namely, the mean values of fat found in
fish measuring from 12 to 16 cm belonging to samples of May 5th and
October 13th, we see that the /October 13th sample shows a by far
higher amount of fat at a more advanced stage of ripeness. A state
of completle exhaustion is reached by sardine in May, after the ter-
mination of its sexual activity, as confirmed by the low fat content
in the tissues found in the May 5th sample. It was already mentioned
that all the sardine samples taken in May showed a relatively low fat
content. The amount of fat was, on the contrary, only insignificantly
influenced by the beginning of the sardine ripening. This fact is con-
firmed by the results obtained from the September 28th and 29th
samples, dealt with in Table I. The fat content in the tissues of the
individuals contained in these samples was relatively high although
their stage of ripeness was III-IV. An insignificant decrease of the
amount of the periintestinal fat was found by the biometrical ama-
lyses of sardine samples carried out at the same time.

It is maintained by Fage (1920) that the reabsorption of fat
by sardine begins as soon as its sexual activity becomes manifest.
According to observations made by this author on the Mediterranean
sardine, the initial ripening is followed by an insignificant decrease of
fat content, as proved by our investigations too.

The reabsorption of the fat reserves by sardine of the west
section of the Pyrenean Peninsula — as stated by Ramalho
(1933) — begins in Odtober, or even in November, and is followed
by a decrease of fish weight and by a gradual development of gonads.
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CONCLUSIONS

Basing on investigations dealing with the fat content in the

sardine tissues, which were carried out from May to October 1949,
with the purpose to establish its relation to the length, sex, and the
stage of maturity, as well as to observe the variation of fat content
during the fishing season of that clupeid species, the following facts
have been recorded: ’ ‘

1)

2)

3)

During the period of these investigations a somewhat higher
amount of fat present in the tissues was generally shown by sar-
dine measuring 16 ecm and upwards than by specimens having a
total length from 12 to 16 cm.

The fat content in the sardine tissues varied in a wide range from
May to October. The lowesti values of this fat could be found in
May, and the highest ones in August and September. The mini-
mal amount of fat found in May was probably in connexion with
the termination of sexual activity of sardine. The regaining of
fat in the tissues could be observed in May, and it took place in a
relatively short time. The decrease of the amount of fat present
in the sardine tissues in July, as shown by analyses, has not been
wholly explained. The fati content in the tissues at the beginning
of the sardine ripening was relatively high.

The amount of the periintestinal fat, approximately estimated
during the parallel biometrical lanalyses of sardine catches, sho-

wed a similar course in their general features. The highest value
of the periintestinal fat could be observed in August, whilst a
certain decrease of it was manifest already in September.

Fish measuring 16 cm and upwards, and those from 12 to 16 cm
generally showed a similar course as to the variation of fat con-
tent in the tissues during the period extending from May to Octo-
ber. The maximal amount' of fat appeared earlier in larger fish
than in smialler ones. The same applies also to the definitive

decrease of the fat content in the tissues preceding the spawning
season.

-Sardine of equal length, catched on different localities during a

short time interval, did not show always the same amount of fat
present in the tissues.

(307)




20

5) During the period of these investigations, the sardine males sho-
wed in most cases a’ somewhat higher fat content in the tissues
- than the females. The samples yielding a higher amount of fat in
females belonged to the time of minimal fat content or of its
downward trend. The observed differences between the sexes
might, however, have been influenced by the individual variations

of fat content.

‘ 6) A considerable influence of the advanced sﬁage of maturity (III,

| , IV) on the fat content could be observed in May, that is after the

‘ termination of the spawning season. The initial ripening of sar-
dine before the begining of the spawning season did not notably

L affect the amount of fat in the tissues and of the periintestinal
fat. '
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ISTRAZIVANJE MASTI U TKIVIMA SRDELE
(CLUPEA PILCHARDUS WALB.)

Mira Krvarié¢ i Radosna MuzZinié
(Institut za oceanografiju i ribarstvo, Split)

Kratak sadrzaj

IzvrSena su ispitivanja sadrZaja masti u tkivima srdele u odnosu
na duzinu, spol i stadij zrelosti, te kolebanja koli¢ine masti u toku
:sezone lova ovog klupeida u 1949. god.

Istrazivanja su bila izvrSena na srdeli iz podruéja srednje i juzne
Dalmacije. Uzorci su potjecali iz vremenskog razmaka od 5. svibnja
-do 26. listopada.

Mast u tkivima bila je analizirana pomoéu dviju metoda uporedo,
i to Soxhlet-ove i Soxhlet-ove modificirane po Wimpenny-u. Ova po-
sljednja se kod tcga nadopunila. Rezultati, dobijeni putem jedme i
-druge metode, podudarali su se medusobno.

Rezultati ispitivanja sadrZzaja masti u.tkivima srdele pokazali
su, da u vremenu izvan sezone mrijestenja ribe totalne duZine od 16
cm na vise sadrze nesto viSe masti nego one duzine 12—16 cm.

Zapazeno je kolebanje koli¢ine masti u tkivima srdele u Sirokim
granicama od svibnja do listopada. Najnize vrijednosti ove bile su
‘nadene u svibnju, a najvise u-kolovozu i rujnu. Vjerovatno je glavni
uzrok niskim vrijednostima koliéine masti kod srdele w svibnju bila
iscrpljenost poslije mrijestenja. Nadoknadivanje masti u tkivima
moglo se zapaziti u svibnju, a izvrSilo se priliéno brzo. Iza; porasta
kolic¢ine masti u tkivima u lipnju zapaZeno je opadanje iste u srpnju.
Pocetno sazrijevanje srdele prije potetka periode mrijestenja pratio
je relativno visok sadrzaj masti u tkivima.

Koli¢ina periintestinalne masti, koja se odredivala aproksima~
tivno prilikom uporednih biometrijskih amaliza uzoraka lovina srdele,
pokazala je u glavnim crtama slian tok kolebanja. Medutim, najvisi
stepen periintestinalne masnoée zapazio se u kolovozu, dok se veé u
rujnu primijetilo izvjesno opadanje.

Srdele totalne duzine od 16 cm na vise i one totalne duzine 12—16
cm pokazale su uglavnom sliéan tok kolebanja sadrzaja masti u tki-

(309)




. | 22

; vima u vremenu od svibnja do listopada. Maksimum koli¢ine masti u
tkivima i podetak definitivnog opadanja ove prije sezone mrijestenja.
nastupili su ranije za ribe veée totalne duZzine.

Srdele iste duZine, ulovljene u kratkom vremenskom razmaku
na razli¢itim mjestima, nisu pokazale uvijek istu kolic¢inu masti u
1 | tkivima.

U vremenskom razmaku, u kojemu su bila izvirSena ispitivanja,
muzjaci su sadrZavali neSto viSe masti u tkivima nego Zenke. Izuzeci
padaju u vrijeme minimalnog sadrZaja masti ili opadanje ovog u tki- |
vima srdele. ZapaZene razlike izmedu spolova mogle su biti pod utje--
cajem individualnih varijacija u sadrzagu masti kod srdele.

4 (310)
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HMCCJIEAOBAHHUE XKHPA B TKAHSX CAPIWHKU i

(CLUPEA PILCHARDUS WALB.)

MHPA KPBAPHMY U PAOOCHA MYXHUHWY
(MucTHTyT OKeanorpacdwuu M purooaoBcTBa, CIIHT)

Kpatkoe conepxanune

- B 1949 r. 6blH cAeNaHbl HMCCAEJOBAHUS CONEPXKAHHS XKupa Yy

CapAYHKH B OTHOLIEHHHW IAJHWHBI, [10Ja U CTENEHH 3DeJOCTH, Tax:xke 6biy0:
HCCIeJOBaHO KoJiebanue COAepKaHudA XHpA B TeueHHe CE30Ha JNOBJH.

3TOro CeJbAeBOT0 BHAa B 1949 r.

HccnenoBanus Obwin clellaHbl Hal CapIMHKOH M3 MpenesNoB Cpex-
Hel u roxnoit [laamauuu, [Tpo6bl OblM M3 nepHoia BpeMeHW OX 5 Mas:
IO 26 OKTAOPS. v

2Kup B TKaHax Obll MCCIAENOBaH MPH MOMOIIH JBYX METOLOB OJHO-
BpeMeHHO, UMeHHO 1o MeToJy CokcaeTa w Do MeTOAy BuMmeHHM, KO-
TOPBIN ABJsAETCS H3MeHEHHBIW MeTOqOM CoKciera. DTOT MOCIe HUH Me-
TOJ Obl1 emé mpu 3TOM U JONOJHeH. Pe3yabTaThl, MOJy4YeHHblE IPH
MOMOIUH OJHOTO U APYTOro MeTOA3, ObWIX TOXKECTBEHHBI.

PeayabTaThl HCCAeA0BaHUSA COLEPKAHHUS XKUPa B TKaHAX CapIMHKH

TOTaNbHOH AJHHOIO B 16 cM ¥ Oovibllle TMOKa3aad, 4TO BHe BPEMEHH.

HKDOMETAaHUS COAEPIKUTCA Y HUX HEMHOTO GoJbllie XHUDPa YeM y CapAHHOK.
AJHHOK 12—16 oM. '

Beino 3ameueHo xoJseGaHMe KOJHYECTBAa XHpa B TKaHAX CapAUHKH
B IUMPOKHX IPAHHLAX OT Mas 40 OKTa6psi. CaMoe MeHbIllee KOJUYECTBO-
ero ObWIO HaiJeHO B Mae, a caMoe Gouiblliee B aBrycre u Centsiope. Ms-
HYpeHHe MOoCIe HKPOMEeTaHMsi ObIO, BEPOATHO, MPHUMHON MaJeHbKOTO:
KOJIMYecTBa XKHUpPa y CapJAMEKH B Mae. BoaMemieHue Xupa B TKaHAX MO--
JXKHO OBWIO 3aMETHUTb B Mae, a JIPOU30LIQ OHO CPaBHUTENABHO OBICTPO.

[Tocae YBEIHYEHUA KOJHUYECTBA XKHPA B TKAHAX B HIOHE, 3aMEYEHO ero-

yMeHblleHWe B Hiove. Haua/mbHOe Co3peBaHHMe CapAMHKH JO Hayaxa.
Mepuoja HepecTa CONPOBONKAANOCH OTHOCHTENIBHO BBICOKHM COJepKa-
HHEM XXHpa B TKaHAX.

KoanyeCTBO NMepUHHTECTHHAJIbHOTC XKHPA, KOTOPOe ONpelesioch.
IPHGAH3UTENHHO BO BpeMsi OJHOBPEMEHHBIX GHOMeTPHYECKHX aHa/IHM30B.

(312)
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npo6 yJ0BOB CapAHHOK, NOKa3ajo, TJaBHBIM 00pa3oM, aHaJoTHYHOe
Koneb6aHHe . Mex 1y TeM CaMasi BbICOKasi CTelleHb MepPHHHTECTHHAJIbHOA
JKHpHOCTH Oblia 3aMeueHa B aBrycTe, TOTla Kak yxe B ceHTsOpe 3ame-
YeHO H3BeCTHOe eé yMeHbIIeHHe,

CapaMHKy TOTanbHOM AJMKHOW B 16 cM M 6oJblue U JauHOWO 12—16.
CM NOKa3aJH, rJMaBHbIM 00pa3oM, aHalIOrHYHOe KonebGaHHe COAepIKAHHS
XHUDa B TKaHIX B [IEPHOJ BpPEMEHW OT Mast N0 OKTAGps. MakcHmyM
KOJHYecTBa XHpa B TKaHAX W Hayalo OKOHYaTeJbHOTO ero yMeHbIle
HHS JIO CE30HA HepeCTa HACTYMHJH PaHblle y pulG 6G0MbLIEH TOTAaIbHOH
JJIHHBL. ' ‘

CapauHKH OJHOM M TOM-2kKe AJUHBI H3 Pa3IMYHBIX MECT, TOMMAaHHbIE.
B KOPOTKOM IepHOJe BpeMeHH, He BCerjJa MoKa3aJd OJHHAaKOBOe KOJIH-
YeCTBO XKHpPa B TKAHAX. ;

B nepuone BpemeHH, B KOTOPOM ObWIX CHeJaHH HCCleJOBaHUA, y
caMuoB 6bNIO HeMHOro O6oJblle XHpPa B TKaHAX, HEXeJH y CaMoOK.
Hckarouentst NOSIBASIOTCS BO BpeMs MHHHMAMbHOTO COJEPIKAHUS XKHUPA
‘MJH €ro yMeHbLIEHHs B TKaHAX CapAMHKM. PasHuua 3aMeueHHas y
10JOB MOrJaa ObITb NMOJ BIAHAHHEM HWHIMBHYaJIbHLIX PasHHU B CO-
JEPHaHUU XKHpa Yy CapIMHKH, ' :

(313)-
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Fig. 5 — The localities where the samples were taken for awalysis are shown by black discs,
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