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1048 sprat stomachs were subjected to analysis and 
determination of: qualitative composition of food; average 
weight of food; percent (quantity) of empty stomachs; index 
of fulfilment acc. to Blegvad; frequency of plankton appe­
arance in food according to Hertling and nourishment co­
efficient acc. to Fulton. 

INTRODUCTION 

Mass catches of sprat during recent years confronted the fish industry 
with main task directed towards the quality of fish delivered by ship. Sprat -
pelagic sea fish - feeds entirely on plankton, the composition of which has 
important influence on technological quality and condition of sprat. The in­
vestigations performed up to now, except of M arik o w s k i's (1947) and 
E 1 w e r t o w s k i's (1957b) works had been directed to biology and bio­
logic evaluation of Baltic sprat. The present work contains an accurate feed­
ing analysis of sprat industrially fished in region of Bornholm depth. 

MATERIAL AND METHOD 

For investigations, the sprat was obtained from industrial catches carried 
out between February 1969 andJanuaryl970. The samples were selected at 
random by about 150 exemples each time and this permitted to examine 1 722 
pieces. Alimentary ducts of 1048 fishes were guted; filled stomach was 
weighed after dripping of excess water, thenafter was cut-out and its content 
was flushed-out with water. After dripping from water, empty stomach was 
weighed again; obtained difference of weights represented the weight of food. 
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Weighing was effected on torsional scale with accuracy to O. 001 g. The food 
flushed-out from stomach was mixed in measuring vessel of volume 100 cm3 

and flooded with water. After thorough mixing, 3 samples each of 1 cm3 were 
taken and qualitative and quantitative composition of food was determined. 

According to obtained measurements additional calculations were made in 
relation t·o: percent of empty stomachs, fulfilment index of alimentary ducts 
according to Bleqvad W =t;-. 1000, g - weight of food, G - weigha_ of fish, 
frequency of food organizms appearance according to Hertling (C = D , 100;

number of stomachs for given species, D - number of examined stomachs) 
and nourishment coefficient according to Fulton (Q = G 3 • 100 r G - total .

1 
weight of fish, 1 - length of fish body) . 

RESULTS 

Food of sprat was composed of cru;,",.9.cean plankton belonging to Co:eepoda 
and Cladocer�; by species their composition during year is not even, The 
components appearing permanently in food are: Temora longicornis, Cen­
tropages hamatu� Podon � and young examples of Copepoda, Seasonally, 
with frequent domination, appeared: Bosmina coregoni maritima, Pseudoca­
lanus elongatu�, Evadne nordmani, E.; spinifera, Acartia longiremis, Eu­
rytemora hirundoides and Limnocalanus grimaldh. Structure of food for com­
plete year is illustrated on Fig. 1. Basic component of sprat food from Born­
holm region are copepods belonging to Calanoida. 

Temor;a- longkorM 
· Copepoda-Calan. (Juven)
Bo�mina coregoni maritima
P5eudocalanus elongalus
Pod on
Centropages hamatus
Evadne nordmanni
Acartia longiremis
Evadne spinifera
Eurytemora hirundoides
Limnocalanus grlmaldii
Copepoda_ Calan. ( Naupl.)
Copepoda.,.Calan. ( Lndef)

Fig .1. Food composition of sprat in % by number 



Data on the feeding intensity of _the Bornholm sprat 

1969 
Year and month 

II IV V VI VII VIII IX 

Percentage of empty 
stomachs 98.0 87.0 LO 0 77,0 17.0 3.7 

Index of alimentary 
canals fulfillment 0 2.55 86.39 162.49 44.87 34.20 80.73 

Coefficient of the 
feeding intensity 0 0.33 85.53 162.49 i0.32 28.39 77.74 

X XI 

LO 98.8 

53.18 0 

52.65 0 

Tabl e 1 

1970 

Xll I 

99.0 ,99.0 

0 0 

0 0 



T ab 1 e 2 U1 

Food composition of sprat in each month (n: mean number of food organisms per one alimentary canal) CP 

1 9 6 9 1 9 7 0  

Food composition II IV V V1 Vll Vlll IX X XI XII 

% % % % % % % % % % 

Copepoda-Calanoidae (naupli) I. I 0.1 

Copepoda-Calanoidae (juven) 0.8 0.7 25.3 2.5 1599.4 36. 7 225.2 23.1 3.3 0.2 64.6 4.1 

Copepoda-Calanoidae (adult): 

Acarti.a longiremis I.0 0.1 77.6 I.8 26.3 2. 7 1.2 0.1 158.6 10.0 i=J 

p;1 

Temora longicornis 54.6 5.4 364.6 8.4 284.6 29.2 11.3 0.8 2148. 7 73. 7 913.1. 57. 7 

Eurytemora hirundoides 0.4 0.03 5. 2 0.1 1.5 0.2 17.2 1.1 :::r 

>-' 

Centropages hamatus 1.8 0.2 77 .6 1.8 29.1 3.0 15.6 1.1 18.2 o.6 246.5 15. 6 

0 

Pseudocalanus elongatus 45.2 42. 7 600.8 59.3 504.2 11 .6 23.9 2.5 

Limnocalanus grimaldii 0.9 0.1 8.1 0.2 2.0 0.1 .... 

Copepoda-Calan. (indef) 59.9 56.6 328.2 32.4 874.0 20.0 367.0 37. 7 4.0 0.3 15.9 0.5 140.4 8.9 
.... 

Cladocera: 

Evadne nordmanni 352,9 8.1 11. 1 1.1 

Evadne spinifera 51.9 1. 2 �-

Podon sp. 424.4 9. 7 3.5 0.4 31.0 2.3 48.1 1. 7 4.0 

I 

0.3 
.... 

Bosmina coregoni maritima 23. 7 0.5 1.1 0.1 1297 .o 95.1 683.1 23.4 37.4 _2d 
T1lo.o 100.1 Tiio.T T1lo.o 99.9 99.9 100.2 

Number of alimentary canals 100 JOO. 
studied 

100 77 100 100 so 100 82 102 107 

Number of filled alimentary 
canals 13 99 77 23 84 77 99 
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The analysis of alimentary ducts for 1 year cyde has shown that from November 
:ti:11 March, the sprat nearly does not feed at all, this is supported by percent 
of empty stomachs (98-99%). In April, This value amounts 87%, but from May, 
when the spa\/n1ing begins, number of empty stomachs practically falls down 
to zero. 111 July, during intensive spawning, number of empty alimentary ducts 
increases to 77% and in October, falls down to 1%, (Tab. 1). 

Feeding season of Bor-,holm sprat begins already in April and lasts till 
October. Essential changes in qualitative structure of food for particular 
months take place during this period (Tab. 2). Composition and percent parti­
cipation of species in food is strictly related to their seasonal character. 
Of certain importance, may also be food selectivity connected probably with 
accessibility of particular plankton species by sprat during feeding ( possi­
bility of escape, part of day, daily migrations of plankton (Fig.2). 

•1
COPEPODA. Calanoida ClADOCERA 

Fig.2. The year cycle participation of Copepoda-Calanoida and Cladocera 
in the food of sprat expressed in% by number 

Performed analysis permitted to select in food of .feeding sprat the species 
which migrate in masses during certain seasons: Pseudocalanus. elo,£gatus 
(59. 3% in food of May) , young stages of Copopoda (36. 7% in June) , � 
coregoni maritima (95 .1% in August) and Temora longicornis (73. 7% in Sep­
tember). This indicates to changes from basic food with appearance of other 
species actually appearing in mass within plankton. It may be noted that, 
Copepoda were appearing continously during whole feeding period regardless 



Fish body length (Le) cm 

Food organisms n 

Copepoda-Calanoidae (naupli) 

Copepoda-Calanoidae (juven) 

Copepoda-Calanoidae (adult): 

Acartia longiremis 

Temora longicornis 

Eurytemora hirundoides 

Centropages hamatus 

Pseudocalanus elonga:tus 

Limnocalanus gri:maldii 

Copepoda-Calan. (indef) 

Cladocera: 

Evadne nordmanni 

Evadne spinifera 

Podon sp. 

Bosmina coregoni maritima 

Number of alimentary canals 
containing food 

Food composition of sprat in relation to the fish body length class 
(n: mean number of food organisms per one alimentary canal) 

8-8 :5 8.6-9.5 9.6-10.5 10.6-11.5 11.6-12.5 

% n % n % n % n % 

0.8 0.05 

5.0 9.5 169.6 14.7 121.2 8.8 

5.0 9.5 108.6 9.4 62.9 4.5 

10.0 19.0 388.0 33.7 486.1 35.2 

20.6 1. 7 9.6 o.6 

37.3 4.1 94.3 6.8 

7.5 17.2 2.5 4. 7 60.0 5.2 208.9 15.1 

2.1 0.1 

36.0 82. 7 20.0 38.0 194.4 16.8 207.0 15.0 

5.0 9.5 4.0 0.3 22.6 1.6 

3.3 0.2 

5.0 9.5 33.3 2.8 1$. 7 1.3 

--

126.6 � 140.0 10.1 

99.9 99. 7 99.6 99.3 

0 2 2 15 149 

12.6-13.5 

n % 

0.6 0.02 

316.2 13.5 

43.9 1.8 

864.2 36.9 

2.0 0.08 

71.8 3.0 

201.3 8.6 

1.2 0.05 

256.2 10.9 

53.5 2.2 

8.9 0.3 

llO.O 4.6 

410.8 17 .5 

99.4 

204 

13.6-14.5 

n % 

530.6 20.6 

27.6 1.0 

419.6 16.3 

3.9 0.1 

46.5 1.8 

261.2 10.1 

3.2 0.1 

388.5 15.1 

134.0 5.2 

19.5 o. 7 

134.5 5.2 

596.9 23.2 

99.L, 

101 

Table 3 

14.6-15.5 

n % 

4 

450.0 54.5 

75.0 9.1 

100.0 12.1 

200.0 24.2 

99.9 

1 

0\ 
0 
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to season, with exception of August, when Cladocera dominate in plankton and 
food. 

Constant and seasonal food of August was compared with specific composi­
tion of plankton; ratio of percent value of given species participation in food 
to percent value in plankton, determined on interest of sprat for given species 
as food. The ratio above 1 indicates to species preferred by sprat (Fig. 2). 
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Fig. 3. The relationship between species composition of plankton and food 
composition of sprat in August 1969 
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Fig.4. Index of sprat's alimentary 
duct fulfillment in the year cycle 

10,6-11,5 H,S-iZ,5 f2,6-13,5 t.3,6-14,5 
rt::15 n.,149 n.�20,t. n:101 

Le in CIT'I 

(x All the specimens examined had Fig, 5. Index of alimentary duct ful­
fillment in the particular year-
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0,ZO 

0,10 
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empty-stomachs) 

8,6-�.5" 9,6_10.5fQ6-t1,51l6-tz.512,6..1'.¥i 13,6-14.5 Le kicm 
n:42 n.::19 n::.47 th317 n:234 n�t49 

Fig.6. Feeding coeffi­
cient - body length re­

lationship of sprat 

-classes of sprat 
An interest of sprat for constant food is large 
in spite of substantial quality of Bosmina core­
goni maritima, which actually was appearing in 
abundance, 

The interrelation between food composition 
of sprat and its length was determined. With its 
growth in length, the sprat demonstrates higher 
interest in feeding on Cladocerans and less on 
Copepods; its interest in feeding on Temora lon­
gicornis and Pseudocalanus elongatus remain 
unchanged as these components are in food con­
stantly, (Tab.3). 

The intensiveness of feeding measured by in­
dex of fulfilment in alimentary ducts of sprat 
(Fig .4) or by quantity of food organisms species 
in stomach of fish (Table 1) indicate 

large differences in annual cycle. At both measu­
rements two maximum intensiveness of feeding appear: first for June with 
peak annual value and the second- for September. High value proves also the 
index of fulfilment of alimentary ducts in May during its growth to spring 
maximum, 
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Index of alimentary ducts fulfilment depends 
also on size of examined fish (Fig. 5). Its 
value was increasing with size growth of exa­
mined fish up to 13. 5 cm at which attained high-. 
est value; at larger examples' the value was 
rapidly decreasing. 

Coefficient of feeding or condition of sprat is 
distinctly changing in annual cycle (Fig. 6) and 
shows certain differences related to fish 
body. Coefficient of feeding shows low values 
during spring. This is post-winter period when 
fish do not feed similiarly· like during the 'period 
directly a.fter spawning. All this causes distinct 
decrease oJ sprat condition. The condition falls 
down relatively quickly during winter, even 
though it is better in February _than in August. 

The coefficient of nourishment increases 
during first year of fish life in relation to its 
growth up to 11.5 cm. At such length, sprat de­
mons.trates best condition (nourishment cc°effi­
cient = 0. 65). Further growth of fish causes 
the decrease of nourishment coefficient and until 
body length of 13.5 cm, still amounts to 0.63. 

Analysing the intensiveness of feeding meas­
ured by fulfi.lment index of alimentary ducts and 
by nourishment coefficient of sprat (Fig. 7), an 
interrelation between these factors may be 
noted. Increase or decrease of fulfilment index 

O,lt) 

10:J 

rr .IY r m YI! El .m: x xr irn I r 

�2!£ 

� NourlshrrHmt ccelfi.dent (%) 
=:>c:so e...,s,;,i lnde1' of o.lime�hary 

caric3l fulfi.lmei"\t 

Fig. 7. The influence of 
the feeding intensity on 
the condition of sprat in 

the ,year cycle. 
(Body length 13-13. 5 cm) 

is preceded by increase or decrease of nourishment coefficient. Even, when 
index of fuHilment indicates distinct variations during feeding season caused 
among others by spawning, the coefficient of nourishment indicates at the sane 
time constant increase. Large differences of fulfilment index (decrease during 
July-August) casue negligent decrease of nourishment coefficient (during 
August). For whole period of feeding, the coefficient of nourishment in­
creases by about O. 20. Its initial decrease after discontinuation of feeding 
during late autumn and beginning of winter do not change yet the industrial 
value of sprat. Towards end of winter and in - spring, distinct de­
crease of nourishment coefficient appears and this makes the sprat of little 
·use for comsumption.

The changes of nourishment coeffi;:ient which appeared during the year,
show that the following periods characteristic for Bornholm sprat condi­
tion may be distinguished :
- period of poor condition: April-August,
- period of medium condition: January-February and September,
- period of good condition: October-December.

It may also be noted that industrial value of sprat during last period is in­
creased owing to fact that alimentary ducts during that time are empty and 
this increases the value of fish as of material for processing-. 
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DISCUSSION 

Distinguished components, in sprat food are constant and season.al.Constant 
components, which showed quantitative changes, during feed period were 
presented in examined sprat by I� longicornis, Centropages hamatus, 
Podon _:U>. and young examples of Copepoda not defined yet to species. The 
first component and to less extent the last one played more important part in 
food. Remaining two components, even when they were appearing .nearly in all 
feeding periods, were noted in small quantities. E 1 w e r t o w s k i (1957a) 
accounts also Acartia bifilosa, to constant components of sprat food but he 
does not mention on Centropages_ hamatu�. 

The intensiveness is widely changing during feeding period, For index of 
feeding intensiveness can be taken the percent of empty alimentary ducts and 
the coefficient of fulfilment. They do not, however, give the picture of 
general intensiveness of ·feeding. To present general intensiveness of feed­
ing, its coefficient was calculated,. which resulted from multiplication of 
quantitative percent of filled alimentary ducts by index of fulfilment and by 
division of the results by 100 (Tab. 1) . According to coefficient obtained 
from such calculation, it is apparent that its value in April is near zero, 
while in June is 162.49. For Bornholm sprat of 1969 catches, the feeding 
period lasted practically 6 months from May to October and its intensiveness 
during this time varied widely. 

These changes may be assigned to several factors, out of which the more 
important are: temperature of water, spawning, and fish condition, Very 

. low intensiveness of feeding noted in April results from low temperature of 
water and to relatively poor quantity of plankton in water. In May, the quan­
tity of food increases and the intensiveness of feeding is also increas­
ing. Peak of spring-time development (growth) of zooplankton prevails for 
June and results in abundancy of food; temperature of water also shows an 
increase, During this month, the intensiveness of feeding is noted to be high­
est. 

The discuss�d period including July is distinct for sprat spawning. The 
spawning process itself is not influencing the intensiveness of feeding. This 
is evident from May, when in spite of intensive spawning (Fig. 3), very in­
tensive feeding was also noted.For many specimens the post-spawning period 
prevails for July; some other specimens terminate the spawning in August. 
Decrease in feeding intensiveness is related to such periods. This period 
is characteristic for mass growth of Cladocera, which is the main component 
of food, but the decrease in feeding intensiveness is distinct. Termination 
of feeding in November probably results from good condition of sprat and not 
by decrease of water temperature (ab. S °C). While in spring-time the feed­
ing was most intensive at such temperature, in autumn the intensiveness 
ceased. 

As may appear from the interrelations, above given the mechanism which 
influences the intensiveness of sprat feeding, is very complex, The ob­
tained results contradict the observations of such authors as M a Ii k o w­
s k i (1947), W r z e s ins k i (1969) and of others, who considered that 
during spawning the sprat limits the feeding or is nearly not feeding at all. 
It is apparant that this takes place after spawning and not during the spawn­
ing. The period of highest intensiveness o{ sprat feeding in 1970 which pre-
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vailed for May and July, is different in relation to fish from Gdansk Bay 
(M ank o wsk i, 1947) and for Baltic sprat generally (Elwe r tow­
s k i, 1957). Basing on the materials of 1970, sprat feeding period may be 
divided into two subperiods: 
- period of intensive feeding (April-July), with peak in June;
- moderat� feeding (Aug'list-October), with peak in Septembers 

The changes of nourishment coefficient and of fulfilment index or of feed-,
il).g coefficient demonstrate high interdependence, Increase of feeding coeffi­
cient precedes the incre·1se of feeding value, However, the short-lasti.ng 
changes of feeding coefficient during summer have no es·sential influence on 
increase of nourishment coefficient. 
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ODZYWIANIE SlJ; l POKARM SZPROTA 
Z REJONU GLE;,Bl BORNHOLMSKIEJ 

Stre .s z c zenie 

Przedmiotem analizy byla zawartos<': zolqdk6w szprota z rejonu Gls;bi Born­
holmskiej, ktora wzgls;dem gatunkowym jest ubozsza od pokarmu szprota 
z innych rejon6w Baltyku. Zerowanie szprota trwa od kwietnia do paidzier­
nika, o czym s,viadczy napelnienie zolqdk6w s zprota. W pokarmie szprota 
mo±na wydziehc skladniki pokarmowe stale i. sezonowe. Wsp6kzynni.k odzy­
'.;vi.ania ,vykazuje wzrost w drugiej polowie roku, a spadek w pierwszej; naj­
rrtzsza jego wartosc notowana jest zawsze bezposrednio przed i po tarle. 

o wi"ikszych rozmiarach wykazuje wybiorczosc pokarmowq preferujqc
l.ong�tc-0rnb, "f'seuftocalanus efor1cec-',·c1.s i wioslarkL Najlepsz4 kon­

dycj� i wctrtosc technologicznq ma sz·::rot o dlugosci do 13,5 cm. 

TI!!lTAHviE \1 KOPM ll!ITPOTA MS PA!liOHA EOPHXOJLbMCIW!li B!IAJU1Hbl 

P a s ro M e 

uccJie,I(OBam111: 6mro co,n;epmam11e JEeny,l\KOB rurrpoTa 11a pa!i\oHa EoIH­
xoJU,MGKoi1 Bil8;D;!l!Hhl, KOT Op Ge B Bli1,I(OJ30M OTHO!iJSHV!JJI RBJIH6TCR M8H88 pa3H006pas­
Hb!M ., <rnM y umpOT8 l!18 ;i:pyI'k!X pali!OHOB EaJITT,\KJi!, Ha Py.JI mrrpoTa rrpO,I(OJilK88T­
CfI C arrpe.l!H TIO OKJ:H6pn, 06 8TOM CBTA,Zi;OTOJH,CTByeT H811QJIHOHJ/Je lKeJiy,lJ,IiOB umpoTa • 
.B 1copMe llirrpoTa LiiOJl::ao Bbl;ll;OJIYIT:S llOCTOflHHb!O l1 CS:i;:OHHh!O KOMIIOH8HThl. KOSIJ)IJ)l1-
��BHT Il!l!T8Hl1R wnpoTa xapaKTepwayeTCH YB8Jihlq8Hl/lBM BO BTOpoA ITOJIOBHHB ro,n:a, 
,1 yMeHbillBJrneM E nepBoiil; caMoe H]l[SKoe 0110 saaqemre OTMBl!aeTCH Bcer,n:a 1rnrro­
ope�cTBBHHO nepe,.TI !111GGJI8 HepeCTa. JllnpoT 60JI.bllll,!X paaMepoB rrpOffBJIHBT KOpMO­
xlYID ffQV!XOTJHrnocT:J:i, npe,n:rro 1rnTaH 'I'emora longicornis, Pseudocalan.us elonga­
tus Yi BBCJIO,!Orll!X pa'!ROBo Hal/lJIY'!!l!YIO KOH;zl.!IJD;Jl!IO JI! T8XHOJIOr1'l'!BCKYIO UBHHOCT:O 
!JIMB8T lliITpOT ,ll;Jl!1HOJii ,l),O 13,5 CM. 
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