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INTRODUCTION 

The purpose of these iiilvestigations was ltlo determine the aimount 
of fat present in the ti,ssues of the sa.rdine ( Clupea pilchardiis Walb.), 
in relation to the length, sex, and the stage of maturity of this clupeid 
species, a!s well as to swpply informatiion on tihe v.aviation af fan 
content dUJring the fishing season. 

These investigations were carried out on samples of fish col­
lected during the 1949 fishing season, wirthin the period from MaJY) 
5th to October 26 tih. As the sardine fishling im the Aidirila;tic extends, 
in its major part, durimg the darks of the moon, and mainly from 
April to Ootober, the fish used for these investigations were catched 
in these int1erva'1s. 

The investigated 1S;ampl.es derived from the Mid- and South-Dal­
matian regions respec:tiively. The following regions were involved: 
Kašt~la Bay, Poljica Lii:ttoral, Split Chlannel (coast of Brač Is'land), 
Hvar Channel (coast of Hvar lsland), Paikleni, Vi:$, Bi1ševo, and Ml:fet 
Islands. The 'localities where the samples were ta•ken are shown on 
the map placed at ,the end of th:is report. 

METHODS 

1. Collection of Samples 

The samples used for analysis of fat content in the sa!rdine tis­
sues were taken from the fishermen's catches. From every ca1tch 10{) 
or more indiv;iduals were taken an,d their total length (inclruding the 
caudal fin) measured. 
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Each sample was divided i,nto two groups, one including the 
individuals the total Ieng,th of which varied from 12 do 16 cm, amd 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 fornnd duirdng these measurements being 18·9 
mm. From every group 6 'indiv.iduals were taken without selcction. 
!J'hese samples wer1e used t,o establish the relationship ibetween the 
length and the fat content of the fish. 

When dealing with sardine samples intended for oibth~ning an 
eventually e~isting relation beitween the sex and the :fa:t content, the 
total length of the individuals and theiir sex were dete•n'll:ined. From 
the measuved fish of a definite length 6 males and 6 females were 
t1ruken for -t;he pUirpose of the analysis of the fat content in the ti& 
sues. 

The condition of the gonrudis w:as established with every sample. 
This was achieved iby applii.cation of the H j o r t scale for the deter­
mination of the degree of ripeness of the hertring go[la;ds, as adapted 
by Le Ga .JI (Hl30), B e 11 o c and D e s b r o s se s (1900·), aJnd 
F urne s t i n (1939-1943), for the sardine investigation 1). AU 
fis~, invo1ved in the samples for fat am1Jysis investigii:ted from May 
18th to Aug,tIBt ~i4th inciusively, showed the .I and II degress of ma­
turity. 

2 . . Prepamtion of .Bamples for Analysis 

Scales, head, tail, gut, and vertebral columm were removed :lirom 
every speciimen. The s,uperflUJous wa:ter and dir.ti were tmken away by 
n1eruns of a; cloith. The fil1et<s, prepared in this way, hermetically closed 
in glass bottles for conservation, were boiied in water for tJwo 
hours .for the plllrpose . of steriHzatii.on, 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 consi~ed 
therein thab it faci1'itarted the homogenimltio[l of materia'l prepared 
for the a:nalysis. 

Before starting the ama'lysis, the contents of each conservation 
bottle were well shaken in the bottle itšelf in mder to avoid was.te of 
fat, which is likely to stick at the vall of tihe containe,r, and then placed 

·1') 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 a,t a temperature of 80° C to reach the constant 
weight. Thereupon the driied 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 aruaiysis. 

3. The Analysis 

Two methods were applied at the same time to determine the fat 
content of each sardine samp[e, the method of Soxhlet extirla,ction, amd 
the adarpted Soxhlet method for serial fat estiimaJt[on a:s described by 
W im p e nn y (1938') , and from the values resulting by applying 
both metihods we obt:a.iined our averages. 

The analysis made by the method of Soxhlet extraction wa:s car­
rie<l. out in the follow.ing way·. A quantity of :aJbout 5 g of fish dried 
up to the . constant wedght and finely cirmnbled was ex.ac:tly weighed 
in the eXJtraotion tube and then extracted by means of ethyl-ether in 
t he Soxhlet apparatus in the course of 24 hours. Upon it:lhe evaporation 
of the ether, fa,voured by a water bath, the extracted fat was dried 
a:t a temperature of ·80° C to reach the consitantJ weight. 

The method of So~hJet extractioo, beiing found unfit for serial 
investigations owing to its tiaikfog too much time ia:nd ~equiring con­
siderable qiu,a:ntities of solvent and of materiiai for investigation, the 
appHcation of another method was at the same time practised. The 
other method, orig.inated !by Me i g for the ·purpose of esltimating 
the fat in the milk, was adlsipted by W im p e n n y to serve the se­
rial estimation of fat content in herring. The app'licability of this 
latter method tio the serial estimation of fat content in sardine tissues 
ha-s thus been tested in the course of these investigations. 

The essellltfia1l difference between the two methods ccmsists there­
in that by the method of Soxhlet extmciii()[l the fat cooitent i1sl bein.g 
d'irectly esta:blished when tihe extraction ha1s ta!ken place and upon the 
evaporation of the ether, by weighing the s1Ubsta.nce in the container, 
whHst according to W i m p e nn y the fat conteilt resuUs from the 
difference between the two weights of the analyzed sulbstance, i. e. 
before and after the extraction. 

Whilst investigating the foit content in the sardine tissues, the 
Soxhlet method as adaipted by W im p e n n y ha:s been slightly sup­
plemented. The tulbes, containing tihe material far extm,ction by this 
method, were formerly stopped at the bottom with glass wool only. 
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It ha,ppened then that tiny partiicles of the material passed through 
the layer of glass wool at the bottom or floa:ted up running over the 
upper operun.g of the tulbe. By using two lay.ers of cotton and one layer 
of glass wool between them at the bottiom ot the tube, and some 
cotton ag1aiin atop of the .ma,terial, that occuirnnce has been elim-inatecl 
Before it was UJSed, the cotiton was subjected to extraction by means 
of ethyl ether. 

The glass eX!tracUon tulbes, used for these analyses, measured 
7---9 cm in length and g_:__10 mm in diamete,r (Fig. 1'). The bottom 

fiIIIIIIIl ~ mm 
Co1fo12 Glass wop/ Subsf.an,e 

Fig. 1 - Preparation of the glass tuoes "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 fillecl with the siibstance 

and covered with cotton. 

of the tu,bes, closed by melting, had a hole • measUJring 2-3 mm in 
dil8JIIlet.er, and wa;s stiopped with a layer of pl.llI'e cotton, then with a 
l:aorer of glass wool fine'ly ground in a mortar, and over it wa:s placed 
another layer of cotton. Each of these layers wa;s about 0.5 cm thick. 
The tube prepared in this way was then driied in the drier ,at a tem­
peratlure of 80° C_ duri:ng 48 h01.trs, and thereupon weighed together 
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with the cotton serving to close the conitents of the tU!be. Next oame 
the material - a quanrtity of 0.2 to 0.5 g exactly weighetl - being put 
intJo the tube and stopped wirt:h the mentioned piece of cotton. The 

. tu:bes were tied tiogether in sheatves colilllprismg 6 or more pieces, 
their number depending on the size of the centra[ pa,rt of the Soxhlet 
apparatus, and then they were put into tha1i part of the apparatus 
. (F ig. 2). After the extraction had tmken place in t.he courrse of 24 

F ig. 2 - Six tubes being extracted at the same 
time by t he Soxhlet apparatus. 
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hours, the tubes were again dried for 48 hours at · a temperature of 
80° C ,and then reweighed. 

Duming the drying of twbes after the extmction had ta:ken place, 
the rapid evaporation of ether . may cause the contents tlo esca,pe 
over the top of the tuibes. Thiis wa,s avoided by previiously drying 
the tubes at the tempera,tme of the room. 

The di,fference resultling between the second weighing, i. e. of 
the tubes before the emractiou, and the third one, i. e. of the tiubes 
after the extraction, shows the quantitiy of the extrnrded fat, which 
is then expressed in percentage with regaro to the weight of the ma­
terial weighed, tihat is to the weight of the materfal dried to the con­
stant weight. 

The resulbs abtained by mea:ns of both methods were in mutual 
agreement. The htghest difference in the amount of the extiracted fat 
amounted to 0.2 %. 

It is necessa1ry to point out that the datia resulting fram the 
1analyses made to esbimate the amount of fat present in the samdine 
tissues, whrich are dealt with in the text, as well ,a,s in the t,ables, and 
in the graphs of this paper, refer to fat contained in 100 g of com„ 
pletely dried maiterial. 

DISCUSSION OF RESULTS 

1. The Fat Cont.ent in Relu.tion to the Length of Fish 
The results of the investigation into the fat content in the sar­

dine tissues of the hvo length groups are shown in Table I. As evi­
denb therefrom, the a,mounts of fat established i,n the tissues of each 
of the two groups diffor ibetween themselves. In most cases the fat 
content was found to be higher in fish ha ving a total length of 16 čm 

. t11pwards than in fish measuir~ng from 12 to lH cm. This differience 
was most prob/aJbly caused by the more intensive growth of smaller 
fish. Observations made with other kinds of fish resulted in analogous 
co:nlditicm with rega:rd to fat ccmtent,. 

The investig.atirons into the Atlantic sardine, cairried out by 
F age (19120), ;resulted i111 considerable differences between the fat 
con,tents in the tissues of the one year old fish and of the individuals 
beyond that age. The forme,r showed a very low f1a,t content in the 
td:ssues in connipa:ri!son with the J.atter. 
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TABLE I. - The Results cf the Analysis of Fat Content in 100 g of Dried 
Substance with Regord to the Length of Fish 

F,t Caatcnt al I ., a -,a 
Leugth Groaps 

Dif!e-
bD ~= ! .. 

Locallty Date 

-c 16 cm I ,..15 cm I 
.. ~Ii rence ., 
;> 

J:E!~ < 

Vis I. 5. V. 1949 21.1 17.1 
(norlh-wcsl ~oas_t) 

- 4.0 19.1 15.9 

Pakleni rs. 18. V. 1949 27.3 32.1 + 4.8 29.7 15.5 

Biševo T. 20. V. 1949 29.6 33.8 + 4.2 31.7 16.3 

Vis I. 23. V. 1949 25.2 28.8 
(north coasl) + 3.6 27.0 15.8 

Mljet I. 30. V. 1949 23.3 33.1 + 9.8 28.2 16.5 
(nor!h-wcsl scction) 

.• Vis I. 22. VI. 1949 38.9 44.S + 5.6 41.7 16.3 
(south coast/ 

Hvar (. 15. VII. 1949 16.8 29.7 + 12.9 23.3 15.3 
(north-wcst scction) 

Vis I. 
(norlh-wesi co111J 

16. VII. 1949 39.2 42.1 + 2.9 40.7 15.8 

Hvar I. .. 25. VII. 1949 27.1 33. l + 6.0 30.1 15.4 
(norlh coasll 

Poljica Lit. 30. VII. 1949 29.7 36.3 + 6.6 33.0 15.0 

Pakleni ls. 22. VIII.1949 42.5 48.6 + 6.1 45.6 16.'l 

Vi~ I. 24. VIII. 1949 41.6 44.S 
cnorlh coast) + 2.9 43.1 16.4 

Hvar I. 28. IX. 1949 45.5 42.0 - 3.5 43.8 16.4 
1north-west section) 

Vis I. 29. IX. 1949 42.0 45.9 + .3.9 44.0 l 6.7 
(north coaitJ 

Brač I. 13. x. 1949 37.2 44.3 + 7.1 40.8 16.2 
(west seclion) 

Brač I. 26. X. 1949 26.7 35.l + 8.4 30.9 14.7 
(west seclion; 

:9 

I 

F urne sti n · (1939-1943,) found· a relatively low fat content 
in the immature Gascony Bay sairdim.e in comparison with the amount 
of fat shown by the :tiw.{) y,eairn old >iindividuals. 

As evident firom Table I, there were two cases where the fat 
content w:as found to be highe.r in the gr01Up of smaller individuals. 
It wa:s possible to eXiplain one of these carses in the paragraph dealtng 
wJth 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 in'Significrunt in some cases, buti sometimes consi­
deraJble. The greatest difference noticed amounted to 12.9. 

2.1l aria-tion of Fat Contenf. during the Fishing Season 

Ta;ble I shows the mean values of fat confont in the sardine tis­
sues, computed for iboth gimups. We notice thia:t they va,ry ina wide 
range .. The lowest mean value amounted to 19.1, and the highest one 
to 45.6. Some i:rregu'laritry in the variation of fat content du:ring the 
fishing seaJSon was found. Respectiveiy low Vl'.l.lues of fat content 
resu'lted from samples tJaJken from the May catches, whilst the highest 
ones were yieLded by the samples taken from tihe August a111d 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 
Sep,tember samrple,s, yielded 44.1 (trub. II). This fact might 1be of interestl 
to fish cannig dndustry. The low faJt content in the sardine tissues of 
the smnples taiken from the May ooitches was probably due, in the 
first place, to the just t erminated sexua!l acHvity. It iiS neces,sary to 
mention that the spawning of sardine in the region of the Mid-Dal­
mati!an islands takes place in tihe late fall and in winter (Ga1m u-
1 in, 1948). 

TABLE li. ,- .The Monthly Values of Fat Content in 100 g of Dried Substance 

Fat Content of 
Length Groups 

Month 

I 
Diiference Average 

... 16 cm .,. 16 cm 

May 25.3 28.9 3.6 27.1 

June 38.9 44.5 5.6 41.7 

July 32.C 37.2 5.2 34.6 

I August 42.1 46.5 4.4 44,3 I 
Septembre 43.8 -14.0 q.2 43.9 

October 31.9 39.7 7.8 35.8 

Average I 35.7 I 40.2 I 4.5 I 37.9 
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Some deterioration of quality during the spawning season or 
immediately afterwards was observed on sever:al kinds of fish . By 
analyzing the re1a:tion between the weight and 1bhe length of indi­
_viduals C 1 a r k (1928) found a decrease of fatl content in the Califor­
n:iJa sardine (Sardinops caerule{J:), exceeding 200 mm in length, to ta'ke 
place from January to May. This author revealed the oorrelation 
between the vruriations of the weight-length relationship and the va­
riations of fat content in thi:s clupeid species. :buring the same time 
interval C l :a r !k wais ahle to observe an ine:rease of fat content in 
speoimens not exceeding 200 mm in length. The spawrring season of 
the Califorrria sardi:ne fasts fimm January to June, reaching its maxi­
m~l intensiity in April aind May (H a rt, 193~'). 

In F urne sti n's opinion (1939-1914G), on the contrary, the 
-iaccumulation of fat im the Atliantic sa:rdine is dependenti, . in the first 
place, upon the hydrnlog>i.c factors responsible fo:r the distribution of 
-plankton. According to this aruthor, the cause of tihe decrease of fat 
content in the sa,rd1ine is to be sought in the decreasing quantities of 
zooplankton and in the decreasing temperature du:riing the J annm1ry­
·March period. The same arnthor also maintains that the fat quantity 
-w.as ·more due to the influence of the feeding conditions than 
of the physiologic state of fish, and thati, consequeintly, the decrease 
of fat content in the winteir months and the ·sexual mat'llring of sar­
-dine harve no caiusa!l conne~ion but represent a mere coincidence. • 

The analyses ca:rried out with the samples deriving f.rom the 
·May catches show :bhat the rega:ining -of fat in the tissues of Adiria­
tic sardine to.ok place in Mla.y. No :a.na-lyses as to fat content were, 
:however, made with S1pecimens belonging to the Apnil catches. It 
seems that the regaining of fat found place ina relatively short time, 

. as it may be ju:dged • from the fat content recor'ded in the sardine 
sampLe of June 22nd. 

A sudden accutmulation of fiat after the terminaition of the sexwaJ 
activity and of the growth period was faund in the Cornish pi1chard 
by Hickling (1945). 

The approximatie estimate of the pe1I1iintestinal fiat - according 
to the empiric ~:oole of five degrees (Le Ga 11, 19'30') - made during 
·the comparative biometrical analyses of samples of the Adriatic sar­
dine catches, genierai'ly agreed with the chemical estimate of fat con­
ten't:J in the tissues. The 'lowest mean •values of the perHntestinal fat in 
.sardine were found iITT. May. The increa:se of this fat: was possible to 
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follow during 1tha,t month. The highes'tJ mean values of the periin­
testinal fat were recorded m August. A certain decrease of this fat 
was manifeS'b in September, the fat content of the tissues remlainiln.g·· 
unaltered. It is not unliJkely, the:refore, that the consumption ·of the 
stored up fat goes a1t the expense of periintestinal falf:i in the first 
place and only then of the fot in the tissues. 

F age (1920) obs;erved tiha;t the accumufation of periintestinal 
fa;t in the iMediterr:mean sardine, after 1tlhe te:rnn:ination of its sexuai 
activity, beg1a111 in May. In August, the same aru:thor wrus able to find· 
a considemrub1e fat value in tihe sardine tissues belongi,ng to indliv,idua:ls • 
of an average length of 150 mm. No analysis .as to fat content in the 
tissiues having been made with specimens belonging to Jruly and Sep­
tember catches, it r.etm1a.ins Uiniknown whether the recorded fat quan­
tity represents the maximal value for Mediter.r8!11ean sardine. 

The minima.l fat content in the Gascony Bay sa.J11dine was found~ 
by F urne s :ti i n (1939-19431) to occur :in March; its increase be- · 
gan in April to reach the maximal vailue in Novemlber. 

The decre:ase of fot content in the tissues of the Adri:atic sardine· 
tlu.ring the first half of October was of little importance, as shown . 
iby tihe October 13th sample. 

One of the reasons for some irreguiarity of the variaition of­
fat content during the fishing season, established on the basis of its 
mean va'1ues, may ibe sought in the different 1length of tihe indiv:iduals 
composing our length grou,ps. Thus a group measuring from 12 to 16 
cm, wm confain more l1rut1ger irndividuals, provided 'tihe whole catch, . 
from which the sample for :the 1a111alysis was taiken, consisted of fi!sh 
having a greater total length. The same a:pplies to a group of fish 
measu;ring f:r:oin 16 cm upwards. In ordeT to explain the observed 
irregu!l~,I'ity of the variation of fat content in the tissues duiri1ng the 
fishing season, mean values of total length were here applied, these 
being obtained by measurirng a g,reater number of fish whil!s:t car­
rying 0111t the prura'llel hiometrical alilaiyses of sardine catches. Thdse 
va[ues are shown 1n the las'ti column of Table I. By mutitmđ1y compar­
ing the mean vtaftues of fat • content obtained from the analy,ses of 
samples wLth .a. similar a.verage total length, ai greater reg:ularity of 
v,a,riation of fat content becomes noticeable. The }ength frequency 01f 

tihe individuruls composing a saanple firom which tlie material for the: 
analysis had been taken, is, therefore, not irrelevant. 
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Another reason for the irregulairity of va:riation of fat content 
might have been the different origin of sa:rdine samples. 

The mean values of fat content from T.aible I have been used for 
the graphical survey of the vrurfation of fat content dutiing the fishing 
.season. (Fig. 3). • 

The diagmim 1s based upon the mean monthly values of fat con-
. -tent in the 1siardine tissues. rrhe concerning da:t'a are shown in Table 

30 

Mag Jut1e Sepl. or:t. 

Fig. 3· - Diagram showing tlJ,e variation of fat content in 
the sardine tissues during the fishing season. 

II. When estimatting the merun valiue of fat content for J,uly, the analy­
.sis of Jwly 15th was not taJken -into c~siderabion, owing to its showing 
excepti!onally Iow vaLue of fat content. The a;pproximarte estimate of 
periintes'tlina:l fat ma.de with the sardine catch sample of July 15th 
did not show such a low ireSUtlt. 

The diagram reveail:s the minimal fat content of the May sardine 
. s:am:ples amd the maximail fat va1ue of the August and September 
ones. It is necessa:ry to po~nt out, however, thiat the monthly value of 

_fat content for June: is based 111pon the analysis of a single samp[e. 
It ~:eems that the low quam'tlitty of fa.t found in the sa:rdine tissues 
in July 'is, to 1some extent, to be expfained by the sma:ller aiverage 
1iength of catch sampies from .which the material for the analysis was 
-taken. It is significant! that rthe decrease of fat content was hardly 
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noticeable ori a sample deriving from the region of Vis Island (July 
16th), whilst ·it was ma111ifest i'Q. the highe:st degree on a sample deri-­
v,i111g from the north-west secti'On of Hvar Island (July 15th). The 
considerable decrease of fat conlfunt in October was due to the rela- ­
tively low mean viaffru.e of the total length of srurdine sampie taken, 
oh October ·26th. 

The diagram on Wigu•re 4 is based upon the average monthly· 

SO% 

JO 

io.__ _________ -+-----+----+----,, 
jt11!J Avg Sept. Def„ Mcy June 

Fig. 4 - Diagrarn showing the variation of fat content in 
the sardine tissues during the fishing season, both length 

groups. 
-- > 16 cm -----··-···- < .16 cm 

va1ues of fat content for each le,ngth group of fish separately, that 
is for the gooup consi'sting of individu:als of a totai length fro:m 12 tO'. 

16 cm, and for the other one composed of specimens 1measuring over-
16 cm in length. W e notice that the curves foUow mainly the stimilar· 
coulrise. The max,imal fat content appeared ea:rlier in the group con~ 
sisting of larger indiv:i:duaJls than in the g;roup composed of smaller 
ones. In the same way the defimite decrease of fat content tiook place~ 
earliier with 1arger tham with smaHer fish. 

3.. The Influence of Sex and the Stage of Maturity upon the Fat 
Content 

The investigation into the fat content in the sardine tissues in.: . 
volved at the same time males and females of the equal totail length;. 
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TABLE Ili. - The Results of the Analysis of Fat Conleill in 100 g of Dried 
Substance with Regard to the Sex of Fish 

Fat contei1t 
., I hl> 

Len,:th Dlffe- ., 
L ·ocality Date 

I 
.. 

in cms ! o rence .. 
I> 

+ < 

I 
Vis T. 5. V. 1949 15.5-16 18.8 19.7 - 0.9 19.3 

(north-we1t coaat) 

Pakleni Js. 18. V. 1949 15.25 24.5 21.9 + 2.6 23.2 
.• 

Vis I. 23. V. 1949 15 75 30.7 27.9 + 28 29.3 
(north coastl 

Mljet I. 30. V. 1949 16.75 42 .3 35.2 + 7.1 38.8 
(north-weat section) 

Brač J. 21. VI: 1949 14.75 36.6 34.4 + 2.2 356 
(north-coast) 

Hvar I. 15. VII. 1949 15.25 20.4 2U - 8.9 22.4 
(ncrlh,wcst aectionJ 

Vis 1. 16. VII. 1949 15.75 44.2 39.3 + 4.9 41.8 
(north-west coastJ 

Hvar I. 25. vn. 1949 • 15.75 35.4 34.1 + 1.3 34.8 
(north coast) 

Poljica Lit. 30. VII. 1949 14.75 30.5 25.8 + 4.7 28.2 

Pakleni Is. 22. vm. 1949 16.25 46.3 86.3 + JO.O 41.8 

:Vis I. 24. vm. 1949 16.25 48.2 41.7 + 6.5 44.9 
(north coasl) 

u. 1 li 
Kaštela B. 20. IX. 1949 13.25 11.7 11.6 + 0.1 

O. Brač I. 13. x. 1949. 12-16 35.9 88.6 - 2.6 37.2 
1west aectionJ I 

The results of these 1a:nalyses ,aJre shown in Talb~e III. We learn there­
from that the ma!les and the fema:les of equal total length differed in 
theilr fat content. The sardine mafos usually contained some more 
fat in the tissues than the females. The difference varied from 0.1 
to 10.0. The arverage difference, "iinvdlving all the samples with a 
higher fat content im the tisisues of it,he males, was insig,nificant, and 
~mo!ll'Ilted to 3.'8. 

It seemed from approximarte estimate of periintestinal fia:t, made 
dur,ing the parallel biometrical analyses of samples taken from the 
sardine catches, that the maJles contlaiined more fat than the femaJes. 

The smaUest differenće of fat content in the tissues between 
t he males and femailes were ()bserved on the September 20th san;l'ine 
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sample deriving from Kaštela Bay. It is signifiicant that the com­
parison of the fat content involved here individua:l;s meaisuring 13.25 
cm. This sample contained indi:viduals of the smiaHeslb total leng:th in a 
series of samples used for the parailel a.nalyses of fat content in the 
males arid females of the same It ngth. It is necessary to mention 
that this satmple inclruded indiv:iduals which, certainly, did not reach 
the first sexuaI mat'Urity. 

Three sardine sam ples, ta!ken on May 5th, July 15th, and October 
13,th, yielded ;a mevense relation, that is the fema:les showed a higher 
fat content illl the Ussues tha\Il the maies. Thooe three samples de­
ri-ved f:r:om the peviod of !tihe minimal fat content, or of its decreasing 
in the sairdine tissues. It shouild be said here that the stage of sexual 
ripeness was·, for the May 5th •sample III, and for the October 13th 
one III-IV. The stage of 1ripeness for ali the remaining sardi,ne 
samples, dea1t with on 'l'able HI, w.as I-II. 

The maximal value of fat content which was possiibJ.e to establish 
i:n the course of these ,investigations, amounted to 48.2 for ma;les, and 
,11. 7 far females. These datai were obtaiined from the sardine sample 
of August 24th. 

A definite amswer to the question whether the stated facts indi­
cate the ex!istence of some difference in fat content between the two 
sexes at the time of iinvestigation, would be impossible wi(tihout a 
prev:ious exami:Il!rution of the amplitude of individual variations as 
to amount of fat present in the ~ardine tissues. 

Considenruble individua! tlifferences in the weight - length re­
lationship of OaJ.ifornia sardine ha,ve been found by Ci a r k (1928), 
which, in bis opirrion, are not oruused by the difference of sex. 

According to El S a ib y (19317'), the amount of fat present i:n the 
t~ssues of Sardinella aurita and Sardinella ebba w.as not influenced by 
the difference of sex. Thls author mradntains that the species with a 
high fat content show considerable individuaiJ. differences in thi•s 
respect. 

'Dable III contains also mean values of fat content for both males 
and females, showing the interdependence between the amoont of fat 
and the length of f 1JJSh. The maximal mea:n value of fat conltent was 
established for sardine of 1:6.,2J5 cm total iength (sample of August 
241th), aind the minima1l one for sardine .of lB.25 cm total length 
(sample of September 20th). Thislatiter sample yielded an exbraordi-
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nary low amount of fa.it present in the tissues, a fact to be explained 
by the intensive growth of fish of that size. 

Ail!a[yses made with tihe indi:viduals of equal total length, catched 
within a short time intervail on difforent localities, yielded difforent 
arrrno1UI1ts of fat preseint in the tissues. This was evident fr()IIIl the 
samples -of Juiy 16,tlh a.nd 25th involving fish of 15. 75 cm and fish 
of 16.i25 cm from the samples of August 22nd and 24th. Sairdine deri­
vilng from the ir:egion od Vis Istand •showed a higher fat content by 
both comparisons. It follows that fish of equa1 length, catched within 
a short time interval on different localities, need not always agr'ee 
in quality. 

Constant locail difforences as !tio fat present in young Passlama­
quoddy herring weire found by considering the refationship between 
the weight aind the length of fish (B a t t I e, H u nt s m a n, A. M. 
Jeffers, G. W. Jeffers:, Johnson, Me Nairn, 1936). This 
fact lead to the conclusion that there were almost no movements of 
herring at the time of dnvestligation. 

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 

Fat Content 

Date 
Length Stage of Diffe- Average 
ln cms Ripeness ,+. I o rence 

o + 

5. V. 1949 12-16 I-II 20.5 21.6 1.1 21.1 

5. V. 1949 15.5-16 III 18.8 19.7 0.9 19.3 

5. V. 1949 „ 16 IV i6.0 18.2 2.:! 17.1 

13. X. 1949 12-16 JII-IV 35,9 38.5 2.6 37.2 

(: 

Table IV contains the resuits obtJained by the parallel analysis. 
of fat contein.t rn sardine males and females of the same length groups 
and of the ·sa.ime stage of ma,tJurity (sample of May 5th and Octoibe•r 
13th). These resu:lts show an ilnsignificant overbalance od' fat present 
at that /time in the ti:ssues of sairdine females in comparison with the 
males of tlhe same stage of ripeness. 

(305) 



i 11 

I 

i' . 

i , ~ I 
I i 
i' 
i 

18 

Table IV explains also why a 1ower amount of fat was present 
in the group of lar1ger individuals than in the group of smaller ones, 
both deriving from the sample of May 5th, althmgh the first group 
included probatbly more ferp;aJes, which at thiat ,tlime contained more 
fat in the tissu,es thia1n the mailes (Tables I and III). Fema[e sardine 
does outgrow the male of the same age (F a g e, L e G a 11 1928, 
B e 11 o c and D e s b r o s s e s, M u ž i n i ć S.). The group including 
lairger individUJail,s showed, namely, a more advanced .stage of ripeness 
in comparison with the one consisting of smaHer specimens. The influ­
ence exercised by tihe stage of ripeness on the fat content is manifest 
a:nd so pronounced, that it overweighs the influence of the length and 
of the eventu:all sex diifference. 

Another concl:usion follows necessarily from data contained in 
Table IV. By compa:ring, namely, the me!ain vaJues of fat foum.d in 
fish measuring from 12 to 16 cm belonging to samples of May 5th and 
October 13th, we see that the /Octolber 13th sample shows a by far 
higher amount of fat at a more adv:anced stage of ripeness. A state 
af completle exhlalll'stion is reached by s,ardine in May, after the ter­
mination of its se)Ollal aoti'V'ity, as confirmed by the low fat content 
in the Ussues fOU!lld in the May 5th samp'le. It w:as a~ready m,entioned 
.thati al'l the sardine ·sam.ples ta:ken in May showed a relatively low fat 
·content. The iamount of fat was, on the contrary, only insignificantly 
influenced by the lbeginning of the saroine ripening. This fact is cOIIl­
firmed by the resultls dbtadned from the Sep.temlber 28th and 29th 
samples, dealt wii:th in Table I. The fat content in the tissues' of the 
individiua1s conbl,ined in these samples was relatively high altihough 
their stage of ripeness was III-IV. An iinsignifican:t decrease of the 
amount of the periinteisitina[ fat was found by the biometrical :a111a-
1yses of sardine sam'Ples carried out aB the same time. 

It is maintained by F age (19,20) that the rea'bsorption of fat 
by sardine begins as soon as its sexrrml activity becomes manifest. 
According to obEeTV.a:tions Ill!aide by this author on the Mediterranean 
sardine, the initial T~pening d!s foUowed by ,an insignificant decrease of 
fat content, as p11oved lby our investigations too. 

The rea:bsorption of the fat reserves by sardine of the west 
section of the Pyrenea.n Peninsula - a,s stated by R a :m a 1 h o 
(1003) - beg1ns in Odtbber, or even in November, and is f(jllowed 
by a decrease of fish weight and by a gradurul development of gonads. 
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CONCLUSIONS 

Basing on investigations dealing wiith the f1at content in the 
sairdine tissues, which were ca.rried aut from May to October 1949, 
with the purpose to eistablish its relation to the length, sex, and the 
stage of maiturity, as well ias to observe the variation of fat content 
during the fishing season of that clupeid species, the following facts 
ha ve been recorded: • 

1) DuTi111g the period of these 'investigations a somewhat higher 
amount of fat present ~n the tissues was generaUy shown by sar­
dine measlUiring 16 cm and upwards than by specimens having a 
total length firom 12 to 16 cm. 

2) IT'he fat content in the sardine tiSS1Ues viaried ina wide range from 
May to October. The lowesti values of this fat co'liid be found in 
Maiy, and the highest ones in August 0nd September. The mini­
mal ,amonmlt of fat found in May was prohably in connex:ion with 
the termination of sexua:l actiV'ity of sardine. The Tegaining of 
fat in tihe tissues could 1be observed in May, a111d it toOlk place ina 
relatively short time. The decrease of the amOll[lt of fat present 
in the sardine tisS1Ues in July, as shown by analyses, has not been 
wholly exp:lained. The fatl content .in the tissues at the beginning 
of the sardine rilpening was relatively high. 
The amount of the periintes1tlinal fat, approximately estimated 
during the pamaHel biometrical la;nail.yses of sarr-dine catches, sho­
wed a similar course in :bhei,r general features. The highest vaJiue 
of the ,periintestinal f.a.t c01Uld be observed in August, whilS\t a 
certain decrease of it was manifest already in September. 

3) Fish measuring 16 om and upwtards, and those from 12 to 16 cm 
generally showed ,a simifar ccmrse as to the variation of fan co111-
tent in the tiissues durring the period extending from May to Octo­
ber. The maxdmal amount· of fat a,ppeared earlier in. larger .fish 
than in sml3Her ones. The same applies also to tihe definitive 
decrease of the fat content in the tissues preceding the spawning 
season. 

4) .Sall"dine of equal length, catched on different localities d'Uring a 
shor:t time interva:l, did no:ti show always the same amoont of fat 
present in the tissues. 
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5) IDuring the period of these investigations, the sardine males sho­
wed in most cases a somewhat higher fa:t conten;ti in the tissues 
than the femaJles. The samples yie1ding a higher ia.mou:nt of fat in 
feimales belonged to the t~me of minima:l fat contenb or of its 
downw.arđ trend. The obsierved difforences between the sexes 
might, however, have been infJ.iuenced by the individua! variations 
of fa t content. 

6) A considera'ble influence of the advanced st1age ·of maturity (III, 
IV) on the fat content could be observed in May, thatJ is after the 
termini-a.tion of the spawn:iing season. The initial ripening of sar­
dine befote the begining of the spawning ~eason diid nat :notably 
affect the amount of fat in the tissues and of the periintestina:l 
fat. 
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ISTRAžIV ANJE MASTI U TKIVIMA SRDELE 
(CLUPEA PILCHARDUS WALB.) 

Mira Krvar 'i.ć i Radosna Miižinić 
(Institut za oceanografiju i ribarstvo, Split) 

Kratak sadržaj 
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IZVI1šena su ispitivanja ·sadržaja masti u tkivima srdele u odnosu 
11a. dužinu, spo1 i stadij zrelosti,, te kolehanj:a količine ma-sl:ti u toku 
,sezone lova ovog kl1rnpeida u 1949. god. 

lstra:živianja su bila izvršena na srdeli iiz područj,a srednje i južne • 
Dalmacije. Uzorci 'SU potjecali iz vremenskog razmaka od 5. svibnja 
do .216. listopada. 

Ma:st:i u tkivima bila je ana:lizirama pomo6u dviju metoda urporedo, 
i to Saxhlet-ove i Soxhlet-ove modificirnne po Wimpenny-u. Ova po- · 
sljednja se kod toga nadopunila. Rezultati, dohij'eni putem jedne i 
druge metode, podudiarnli su se međusobno. 

ReZ'Ultati ispitivanj:a sadržaja ma.sti u -tkivima srdele pokazal1i 
su, da u vremenu izvan sezone mrij,estenja riibe totalne dužine od 16 
cm na vilše sadrže nešto više masti nego one dužine: 12-16 cm. 

Zapa:ženo je ko1'ebarrj:e 1količine mia.sti u tkivima srrdele u širokim 
gr.anicama od svibnjla do lirstopada. Najniže vrijednosti ove bile su 
nađene u IS'Vibnju, a n1ajjlviše u kolovozu i rujnu. Vjerovatno jie glavni 
uzrok niskim vrijednostima količine masti k:od srdele u svibnju bila 
iscrpljenost poslije mrijestenj1a, Nadolmiađivarrje miaisti u tkivima 
moglo se zapazitii u 'E!Vilbnjn.11, a :i:zv,r:šiilo se priHčno brzo. Iza: porasta 
količine m3:Sti u tkivima u liprrju zapaženo je opadanje iste ,u srpnju. 
Početno sa,zrijevanj1e srdele prije početka periode mrijestenja p:natio 
je relativno visok ,sisklržaj masti u tkivima. 

Količina periintestiinalne masti, koj;a se odredivala aproksima­
tivno prilikom uporedlnih lbiometrijskih amaHza uzornika lovina srdele, 
pokazala je u glavnim orit,ama; sliča:n tok kolebanja. Međutim, najviši 
stepen periintc:stinalne masnoće zapazio se u kolovozu, dok se već u 
rujnu primijetilo izvjesno opadanje. 

Srdele tobalne dužine od 16 cm na više i one totalne dužine 12-lfi 
cm pokazale su uglavnom sliičan tok kolebanja sadržaja masti u tki-
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vima u vremenu od svibnja do listopada. Ma·ksinium količine masti u 
tki'Vima i početak definitiivnog opadanja ove pri.je sezone mrijestenja. 
nastupili su ra,nije ·za, rilbe veće ta1tialne dužine. 

Srdele iste diužine, u'lovljene u kratkom vremenskom ra1ZI11aku 
na različitim mjestima, nisu pokazale uiv,ijek istu količinu masti u 
tkivima. 

U vremenskom razmaku, u kojemu su bila iZVi!'Šena i.spiti:vanja,. 
mužjaci su sadržavali. nešto više masti u tkivima nego ženke. Izuzeci 
pada:jlu u vrijeme minimalnog sadržaja mastii. ili opadanje ovog u tki­
vima srdele. Zapažene razlike između spolova mogle su biti pod utje-­
cajem indiviđua[nih varijacija u sadrž-ao:u masti ·kod srdele. 
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l1CCJIE)],OBAHl1E )l{l1PA B TKAH5IX CAP,D:l1HKl1 
(CLUPEA PILCHARDUS WALB.) 

Ml1P A KPBAPW·l H PA)],OCHA MY)l{l1HI1l.J 
(l1HCTHTyT OKeaHorpaqmH }I. pb160JIOBCTB8, COJIHT) 

KpaTKOe CO,ll.ep)K8HHe 

B 1949 r. 6bIJIH c,ll.eJiaH<bl HCCJie,ll.OB8HHH CO)J.ep)K8HHH, )KJHpa y· 
cap,ll.HHKH B OTHOllleHH1H ,ll.Jl'HHbI·, noJia IH CTeneHH 3peJIOCT:H. TaK)Ke 6blJIO· 

HCCJI·e,ll.OB8HO KOJie6amre Co).le.p)K8HH'JI .>KHpa B Te'-!·eHHe ce30H8 JIOBJIH . 

3TOro ceJih,ll.eBoro BH,/1.a B 1949 r. 

l1cCJie,ll.O'B8HHH 6hlillH C,ll.eJiaHbl H8)J,. cap,ll.HHK011 113 npe,ll.eJIOB cpe,ll.­

Hel1 H }O,)KH011 ,lJ.aJIMaU;HIH-. ITpo6hI, 6bIJI,H 'H3 nepH0,11.a BpeMeHHt 0)1, 5 M811' 

)'.I.O 26 OKTHi6pH. 

)K11p B TK8HH:X 6b!IJl HCCJle.,ll.OB.aH npH UOMOUI.H' ,ll.Byx MeTO)l;OB O)lHO- · 

BpeMeHHO, HMeHHO no MeTO,ll.y CO!K,CJieTa H no MeT0,/1.y BH'MUeHHH·, l{O,­

TOpb!l1 HBJIHeT•CH, I13!M-eHeHHb!IHi M•eTO.D.OiM CoKCJICTa. 3TOT nQCJie,U:HH11 Me­

TO,ll. 6b!JI elll.'e npH 3TO'M H )I,OUO.JrHeH. Pe3yJiib1'8TbI, noJiy'-leHHble npH. 

noMOIU,H OJI:HOfO 11 ,ll;pyroro MeTo,ll.,a, 6biiJIR TO)KecrneHIHbit. 

Pe3yJihTaTbli HCCJI-e,ll.oBaHHJI co,u.epmaHHH )KH,Pa B TK8HH:X C8,PJVIHI<;H 

TOT8Jlb:HOH ,ll.JIHHOIO B 16 CM H• OOJihllle inoKa38JIH, '-!TO BHe BpeMeHH 

H,KP,OMeT8'HHH co,u.e,p)K:WI'CH- y l!JHX HeM:HOfO 6oJU,rne )K'H1pa '-!e,M y cap)l;HHOK 

,ll.JIHHOIO 12-16 OM·. 

5b!Jl0 38Me'l!eHIQ KOJie6aHHe 1l{O_JIH•'-1eCTBa )l{Hpa B TK8HH!X cap.z:i.HHKH 

B illH,POKHX rpaHm.~ax OT M8511 JJ,.O OKT.H6pH,. CaMoe MeHb>lllee Il{OJIH''-1eCTBO , 

ero 6hiiJIO Ha:11)1.eHo ,B Ma,e, a caiMoe 60JI1hlliee B aBrycTe H C;ettrrn6pe. I,fa. 
Hy:peHH-e noCJie HKpoMeTaHHH, 6bMO, BepoHTHO, npH"-IHJ-1011 MaJieHihKOfO;­

KOJIH'-leCTB_a ,1mpa y cap)l.HHKH B Mae. Bo31MeIU,eHHe )l{Hpa B TK8H.H!X MO­

,KHO 6h!JIO 3-aMeTHTb B Mae, a -11,POH'30UJJIO OIIO 1C:p8BHH"feJihHO 6bl-CTpo. 

ITocJie y ,BeJIH'-!eHH511 K·OJI'H"-!eCTBa )KH'pa B TK8HHX 1B H'lOHe, 3aMe"-leHO ero •· 

yMeHbllleHHe •B H'lOIJie. Ha'-1:aJ!lbHOe coi3pe·BaHHe cap,u.HHKH AO Ha'-laJia . 

nepHo,n:a HepeCTa ·conpoBO)KJI:aJJOCb OTHOCHTCJlh'HO Bb!,CO-KHM co,n:ep)Ka­

HHeM )Klipa B T,KaHHX. 

KoJJH'-1.eCTBO nepH1HH1'eCTHH8JibHOfO )l{Hpa, KOTopoe onpe,11,eJI.HJIOCb . 

npH6JIH3HTeJllhHO 'B0 Bpe'MH O)IJHOiB,PeJMeHHb!,X 6HOMeTpH'-1eCKIHX a;H8JIH30B , 
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npo6 yJIOBOB rnp,!!.HHOK, TIOKa3aJIO, fJiaBHbl,M o6pa30M, aHaJIOf11'4HOe· 

KOJie6aHHe . Me}K)l.y TeM CaMaH BbDCOKaH CTeneHb nepHH'HTeCTHHaJI•bHOH 

)KH,PHOCTH- 6bIJia 3aJMelleHa B aary,cTe, TOrAa Ka:K y)Ke B ceHTH6pe 3aMe­

t.JeHo HaBecTHoe ee yMeHhmetme. 

Cap.U.,HHKH TOTa!.11.bHOH AJIHHOIO B 16 CM :11 OOJibme 11 )I.JTHHOIO 12-16 
CM noKa3aJIH, rJiaBHbI,M o6paaoM, aHaJiorn•rnoe KOJie6aHHe co.n.ep.>KaHHH 

}t<H'pa B TKa'HHX B nepHOA BpeMeH111 OT M8H .II.O OKTJI6pH. MaK•CH-MyM 

KOJIHt.Jecrna ,}lmpa B TKatHJIX H Hat.JaJio OKOH'·1-IaTeJihHOfO ero y-MeHbWe 

H1HH .u.o ce30Ha HepecTa HaCTYII,HJIH paHbWe y pb16 6oJI·bU1e11 TOTaJibHO-H. 

-AJIHHlbI. 

Cap.n.HHKH OAHOH 11 TOH•)Ke AJIHHbl 113 paMRlJHbl:X MtCT, IIOHMaHtrbie 

B KOpOTKOM nep110.n.e BpeMeHH, He Bcer )I.a IIOKa3aJIH o.u.1rnaKOBOe KOJIH· 

qeCTBO )KHpa B TKaHH.X . 

B nepHO)l.e BpeMeH.H, a KOTopoM 6b!!.II.H C,ll.eJiaHbl 11-CCJieAOBaHH.H, y 

caMll;OB 6br.JIO HeMHOro 60JibUie .>KHipa B 'TKaHStX, He)KeJIH y Ca!MoK'. 

I1CKJIIO'le<HHH IIOHiBJllmOT-CH 'BO :BpeMH •MHHHMa.n!bJHOfO COAep)l{aHH.lI )KHpa 

HJ!'H ef\O yMeHbmeHHH B TKaHHX cap)I.HHKH. Pa3HiH>ll;a aa1Me'l!eHHaR y 
110JIOB Moma 6b!Th no.u. BJIH.lIHHe'M HHAHBHyaJI•bHb!X pa3HH,u; B co r 

JI;ep)l{aHH-H )KHpa y cap.u.·11tt-KH. 

(313) • 



·• - - -1 

I ' 

~ASTOVO 

Fig. 5 - The localities where the samples were taken for analysis are shown by black discs. 


