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The fish, which had fed under natural conditions, were
kept in tanks and changes in stomach filling with time were
observed. Linear relationships between filling and time at
various temperatures and different initial filling are described.
The relationships serve as a basis for multiple regression
equations describing the relationship between food evacua-
tion time and the two factors mentioned above. In the case of
herring, separate equations were calculated for mesoplank-
tonic and makroplanktonic -benthic food.

INTRODUCTION

To determine food rations of fish under natural conditions it is necessary to know the
metabolic intensity during feeding. Depending on a ration estimation method applied,
metabolic intensity is expressed either as a rate of food evacuation from the digestive
tract or by means of oxygen requirement indices. Both methods are in general use
nowadays. The first was worked out by Bajkov (1935) and the other is based on energy
budget equation given by Winberg (1956). To estimate the amount of food consumed by
herring, Aneer (1980) and Lipskaja et al. (1980) used the second method. The results
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presented below served to achieve the same goal by means of the first method
(Zatachowski et al., 1976; Szyputa, 1982).

The difficulty in estimating the rate of food elimination from the fish digestive tract
stems from the fact that the process is subject to multiple interactions and, actually, can
be studied in detail in the laboratory only. In the case of marine fish, it has been possible
to determine the multiple interactions the process is exposed to mainly in those species
that can be kept without harm in aquaria for a longtime, such as, e.g.,, the Gadidae
(Jones, 1974) and flatfish (Jobling and Davies, 1970; Flowerdew and Grove, 1979).
Delicate and vulnerable pelagic species, including sprat and herring, are difficult to keep
for a long time and in dense concentrations in artificial habitats, thereby making data on
digestion and food absorption difficult to obtain. The present work employs a combined,
laboratory-field, method as suggested by Bajkov (1935). The gist of the method is natural
feeding of the fish; they are subsequently caught and kept in tanks during which time
they digest their food. The advantage of such an approach lies in the natural feeding
conditions and natural food used, while among possible disadvantages one may count a
stress caused by the rapid change of conditions during the experiment. Moreover, if the
results are to be reliable, a large quantity of fish has to be examined, the number of
samples and sample size increasing in proportion to the number of factors considered as
influencing the evacuation process. The materials used in the present work allowed to
consider effects of two variables: water temperature and initial filling of the stomach, the
evacuation time being presented in function of these two variables. The kind of food was
included in the case of herring. On the other hand, the fish were not differentiated in
terms of their size; they were assumed to have attained commercial size, i.e., sexual
maturity.

MATERIALS AND METHODS

The materials examined consisted of 1170 individuals of herring and 280 individuals of
sprat, all caught in the Southern Baltic in 1973 and 1974. The fish were kept in onboard
seawater tanks. Samples consisting of 10—15 individuals were collected at defined time

intervals (1 h in summer, 3—5 h in the remaining seasons); the fishes were dissected, the
-
W 10000,

food composition and weight determined, and a sample mean filling index (M =

where w = food weight; W = fish weight) calculated. For herring, separate indices were
calculated for mesozooplankton (mainly the Copepoda) and for macroplankton and
benthos (Amphipoda, Isopoda, Mysidacea, Cumacea, Polychaeta, Chaetognatha, Pisces) in
order to check for possible differences in rates of elimination of these two groups of food
items.

Food evacuation rate and duration were calculated, based on the assumption of
linearity of the filling index-time relationship:
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M=a+bt ey
where: M = filling index (°/;00)
t = time (h)
a = initial filling of digestive tract (°/ 000)
b = evacuation rate coefficient (decrease in filling index after 1 h).

The values of a and b were calculated by the least squares method.
The duration of food evacuation (te) was determined by calculating t for M = O (that is

the time after which the stomach filling will drop to zero: te = — %),

The relationship between the evacuation time, water temperature, and initial stomach
filling is presented in the form of multiple regression equation:

tE=a +2a,T+a,Mo 2)
where: tE = food evacuation time (h)
T = temperature (°C)
Mo = initial stomach filling (° /000)

The terms a,, a;, and a, were calculated by the least squares method. Theoretical time of
food evacuation (tE) calculated with equation(2) was compared with the time te
calculated with equation (1).

RESULTS

Tables 1—-3 present changes in food evacuation rates and duration in herring and sprat.
The analysis of data contained in the tables allows to conclude that the duration of food
evacuation depends on temperature and on the initial filling of the digestive tract;
additionally, the kind of food is important in herring.

Fig. 1 presents the mesoplankton evacuation rate in herring at various temperatures.
As seen from slope coefficients of the regression equations, the mesozooplankton
evacuation rate at 14.9°C is almost ten times that at 6°C.

Fig. 2 illustrates the mesozooplankton evacuation rate in herring as influenced by the
initial filling, the temperature being held constant. Slope coefficients of the regression
equations show that at a21.18% oo initial filling the rate of mesozooplankton
elimination is higher than that at 4.6‘8°/o oo Y a factor exceeding 3.

The evacuation. rate of macroplankton and benthos consumed by herring is also closely
dependent on temperature. As seen from Fig. 3, the rate of elimination of those items at
-16.1°C is almost seven-fold higher than that at 6.6°C. The initial filling of the digestive
tract affects the evacuation rate of macroplankton and benthos, too, similarly to the case
of mesozooplankton. At an initial filling of 16.9%/,,, , macroplanktonic and benthic food
items are eliminated from the stomachs at a rate exceeding that at 5.88°/, 4, by a factor
of more than 4 (fig. 4).
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Table 1
Mesozooplankton evacuation rate in herring, expressed as a reverse linear
relationship (M = a + bt) between time (t) and stomach filling (M)
Temg)erature mg\?l dc\)xgls . b to {E
) examinec
2.5 125 3.49 —0.07 49.86 35.25
2.8 73 4.76 —0.18 20.70 34.53.
2.9 78 4.68 -0.17 21.27 34.31
2.9 106 21.18 —0.54 39.22 34.49
3.1 82 7.76 —0.16 48.50 33.87
3.1 84 2.12 -0.06 35.33 33.81
6.0 80 1.87 —0.09 20.78 26.94
6.6 95 1.48 -0.07 21.14 25.52
12.0 60 110.40 —10.45 10.56 13.93
14.9 69 4.72 -0.91 5.19 5.90
15.8 101 2.04 —0.55 3.71 3.74
16.0 36 13.10 —4.60 2.85 3.38
16.0 56 52.16 -2.79 8.70 3.81
16.1 60 "~ 3.96 -1.04 3.81 3.05
16.2 65 0.65 —0.18 3.61 2.71

Fig. 5 shows temperature- and initial filling-dependent variability in mesozooplankton
evacuation by sprat. At 16°C and 143.12°/,4, initial filling, the mesoplankton is

eliminated at a rate more than seven times that at 10.5°C and 30.46%/4¢.
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Fig. 1. Mesozooplankton evacuation rates inherring at various temperatures (1 = 14.9°C; 2 = 6.0°C)
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Fig. 2. Mesozooplankton evacuation rate in herring in function of initial stomach filling at constant
temperature (2.9°C)
The examples given in Figs. 1-5 as well as the data in Tables 1—3 indicate a simple
relationship to exist between the evacuation rate, temperature, and initial stomach filling:
the higher the temperature and the larger the initial filling, the faster evacuation. On the

other hand, the food evacuation time (te = — ;—) calculated from the initial filling (a)

and evacuation rate coefficient (b) is in direct proportion to the initial filling and in
inverse proportion to temperature. In order to illustrate the simultaneous relationship
between the evacuation time, initial filling, and water temperature for both species in
more detail, the following multiple regression equations were worked out:
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Fig. 3. Macroplankton and benthos evacuation rates in herring at various temperatures (1 = 16.1°C;
2 =6.6°C)
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Fig. 4. Macroplankton and benthos evacuation rates in herring, in function of initial stomach filling at
similar temperatures (1 = 16.1°C; 2 = 16.2°C)
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Fig. 5. Mesozooplankton evacuation rates in sprat at various temperatures (1 = 16.0°C; 2 = 10.5°C)
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tE;, = 41.128—2.368 T+0.011Mo

tE, 35.141 — 2.034 T+ 0.321 Mo

tE; = 62.380—5.587 T +0.238 Mo
where tE;, tE,, and tE; denote mesozooplankton evacuation time in herring,
macroplankton and benthos evacuation time in herring, and mesozooplankton evacuation
time in sprat, respectively.

DISCUSSION

Properties of the function calculated are shown in Fig. 6 (lines 1-3). In the case of
herring, noteworthy is the difference in evacuation time of mesozooplankton (2) and that
of macroplankton and benthos (1). At a poor stomach filling, the times are almost
identical; however, with increasing quantities of food to be digested, macroplankton and
benthos tend to remain in the stomach longer and longer, the difference becoming more
pronounced with increasing temperature. It is clear that the mesoplankton evacuation
time depends mainly on temperature, the initial filling being of a minor importance
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Fig. 6. Relationship between evacuation time (tE), initial filling (Mo), and temperature (T);1— 3: fol-
lowing the present multiple regression equations with tE,, tE;, tE3, respectively;4 and 5: following
Tseitlin: tE4 = 69.8 - 80%2% (0.0001 M0)**®? exp [0.0806 (20 — T)]

tEs = 84.1 - 15%* (0.0001 M0)®%? exp [0.0806 (20 — T)]
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(a; = 0.011). That means, however, that an increase in filling has to result in a strong
acceleration of evacuation. The effect, described also in other fish species (Windell, 1967)
is explained by digestive enzymes secretion and peristaltic movements intensity being
stimulated by an increasing pressure on stomach and intestine walls (Jobling and
Davies, 1979). The curves compared (1 and 2) indicate the efficiency of the process in
herring to be in inverse proportion to individual size of organisms eaten. When the
digestive tract is densely packed with large macroplanktonic and benthic animals, an
increase in temperature will accelerate the evacuation only slightly.

Reliability of the results that can be obtained by means of the multiple regression
equations is difficult to ascertain due to a lack of comparable data on the two species
under study. The results obtained give: a good fit to the initial data, as evidenced by small
differences between te and tE (Tables 1—3). Such a test may be, however, insufficient
when the independent variables of the functions take up values from beyond the range of
the experimental values, as exemplified by the function calculated for sprat. Although the
function . yielded the lowest te — tE differences (Table 3), it was calculated from 5
experiments only, four at about 11°C,and one at 16°C but at a high initial filling index.
As a result, at 15°C the function gives negative tE values at filling lower than 90°/q4,,
which means that its applicability is limited. This limitation is not a particularly
significant one, as the sprat feed very intensely at higher temperatures; none the less, to
render the equation more widel applicable, further experimental work is needed. Szyputa
(1982), who used the equation in its form presented here, assumed the evacuation time
not to be shorter than two hours.

An attempt to verify the equations presented can be made from results obtained when
applying the equations to diel ration estimations (Zatachowski et al., 1976; Szypu-
ta, 1982). The results were obtained with Bajkov's method (Bajkov, 1935), and the

Table 2
Macroplankton and benthos evacuationrate in herring,
expressed as a reverse linear relationship (M = a +bt)
between time (t) and stomach filling (M)
Temperature No. of
°0) individ_uals a b te tE
examined
2.5 125 45.12 —-0.95 47.49 44.54
2.9 78 0.84 —0.02 42.00 29.51
2.9 106 3.25 -0.14 23.21 30.29
3.1 82 8.00 -0.35 22.86 31.40
6.0 80 0.74 —0.03 24.67 23.17
6.6 95 12.65 -0.52 24.33 25.78
15.8 101 3.33 —0.76 4.38 4.07
16.1 60 16.90 -3.52 4.80 7.82
16.2 65 5.88 —0.84 7.00 4.08
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Table 3
Mesozooplankton evacuation rate in sprat, expressed as a reverse linear
relationship (M = a + bt) between time (t) and stomach filling (M)
No. of
Temperature| =, 4ividuals a b te tE
O examined
10.5 162 30.46 —2.84 10.73 10.97
10.8 15 15.05 -3.25 4.63 5.62
11.0 31 32.13 —3.58 8.97 8.57
11.5 56 37.45 —4.64 8.07 7.04
16.0 16 143.12 —20.83 6.87 7.05

comparable data for herring are those reported by Aneer (1980) and Lipskaja et al.
(1980) as based on the equation given by Winberg (1956). Nagie¢ and Martyniak (1974)
succeeded in their attempt to compare diel food rations of pikeperch as calculated by
methods of Bajkov and Winberg. Working on herring, Aneer (1980) estimated diel rations
to amount to 1.2—1.9% of the body weight, which agrees well with our results
(Zatachowski et al., 1976; Szyputa, 1982), while Lipskaja et al. (1980) arrived at much
higher values: 5.8—7.6%. The latter are close to the data reported by De Silva and
Balbontin (1974) for herring aged one year and feeding ad libitum,; it is highly improbable
though, that mature herring would feed with such an intensity under natural conditions.

Tseitlin (1980) proposed an equation relating the evacuation time to temperature,
initial filling, and fish size. The equation concerns various meso- and/or bathypelagic
species, its parameters being given in three versions corresponding to thermal sensitivity
of cold- and warm-water species and intemediate ones. To compare the present results
with those yielded by Tseitlin’s equation, a mean fish weight had to be set at 80g
(herring) and 15 g (sprat). The functions obtained from Tseitlin’s equation are plotted
with dashed lines in Fig. 6. For herring, the graph (line 4) shows the course of a function
calculated for intermediate species. The graph agrees with the results of the present
multiple regressions at initial filling larger than 50°/,4, (even starting from 20°/,,, at
higher temperatures), the Tseitlin’s equation-based function, however, taking up the
values intermediate to those obtained for mesozooplankton and macroplankton-benthos.
At lower filling values, the present study points out to a dependence of evacuation time
on portion size much weaker than would result from Tseiltin‘s formula. A similar com-
parison carried out for sprat shows Tseitlin’s equation to yield values closest to the
present ones in its warm-water species version (line 5 in Fig.6). The similarity of the
results appears to be lower than in the case of herring. If, however, only such a range of
values of independent variables is considered as that used in the experiment (10°C or
large initial filling at 15°C), the two functions compared turn out to yield similar times of
food evacuation.
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CZAS EWAKUACII POKARMU U SLEDZIA CLUPEA HARENGUS L.
I SZPROTA SPRATTUS SPRATTUS (L.)

STRESZCZENIE

W latach 1973 i 1974 wykonano na statku badawczym 20 doswiadczeri polegajacych na
przetrzymywaniu §ledzi i szprotéw — bezposrednio po ztowieniu — w basenach z filtrowang woda
morska. W doswiadczeniach uzyto tacznie 1450 ryb. W kazdym doswiadczeniu oznaczano $rednie
poczatkowe napelnienie przewodéw pokarmowych (w 0/000 w stosunku do cigzaru ryb), a nastepnie
srednie napelnienie w okreslonych odstepach czasu, dostosowanych do pory roku. W przypadku
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§ledzia okre§lano oddzielnie napetnienie mezoplanktonem oraz makroplanktonem i bentosem.
Przyjmujac, Ze zalezno$¢ stanu napetnienia od czasu jest zblizona do prostoliniowej (rys. 1-5),

wyliczono réwnania:
M=a+bt

(gdzie: M = wskaZnik napetnienia (0/000), t = czas (godziny), a = poczatkowe napetnienie (0/000),
b = wspdtczynnik tempa ewakuacji), a takze czas ewakuacji te =— % ,dla wszystkich do$wiadczer

(tab. 1-3). Okazato sig, ze tempo i czas ewakuacji zaleza zaréwno od temperatury (rys. 1,3,5) jak i
poczatkowego napeinienia (rys.2 i4). Zalezno§é t¢ wyraZono za pomoca réwnarn regresji trzy-
cechowej otrzymujac:
dla $ledzia Zywiacego si¢ mezoplanktonem:

tE; =41,128 — 2,368T + 0,011 Mo
dla $ledzia zywiacego si¢ makroplanktonem i bentosem:

tE, = 35,141 -2,034T + 0,321 Mo
dla szprota Zywiacego si¢ mezoplanktonem:

tE3 = 62,380 — 5,587 T + 0,238 Mo

.gdzie: tE = czas ewakuacji (godziny), T = temperatura (OC), Mo = napetnienie poczatkowe (0/000).

Réznica pomigdzy czasem ewakuacji mezoplanktonu i makroplanktonu z bentosem u $ledzia
wzrasta proporcjonalnie do wzrostu napetnienia poczatkowego i temperatury w sposéb przedstawiony
na rysunku 6 (linie 1 i2). Wynika ona z tego, ze przy silnym napetnieniu zotadka drobnymi formami
mezoplanktonu tempo ewakuagji jest znacznie szybsze niz w przypadku réwnie silnego wypetnienia
wiekszymi organizmami makroplanktonu i bentosu.

Oba réwnania dla §ledzia maja zastosowanie uniwersalne, natomiast rownie dla szprota mozna
stosowa¢ w warunkach zblizonych do tych jakie zostaty uwzglednione w do§wiadczeniach (tab. 3), to
znaczy przy temperaturze 10—1 1°C, aw wyzszej tylko przy duzych napeinieniach.

liunynra 0., 3amaxoscku B.

BPEMA OBAKYALMKM KOPMA Y CEJBIM CLUPEA HARENGUS L. U IIPOTA
SPRATTUS SPRATTUS (L.)

PeswowMme

B 1973 u 1974 rr. Ha ONHTHOM CyILHe OwUH IocTaBileHH 20 ONHTOB, KacaBmHXCHA
BHIEDXUBaHUA CeJbIH M MIOPOTa — HENOCPELCTBEHHO IIOCJe yJoBa - IO 6aceeli-
HaMm 3aloJHEHHHX MOPCKOH MHOPUILTPAnNMOHHOH BoInoH, MaTepuasoM IJsA ONHTa CIY-—
®wuau 1450 mTyk pHOH. B pamMkax KaxIoro ONKTa OIpelelAlHd B CPeIHEM: Hadalb-
HOe 3alloJHEHHEe XeJyIOoYHo-KumewyHoro Tpakta (0/000 mo oTHOmEHHH K Becy PH-
6H), a 3aTeM 3amofHEHHE 3a ONpeleNeHHHEe NPOMEXyTKH BDEMeHH, IPHCIOCOGJIEeH-
HHe K BpeMeHaM rogxa. Las ceabId B OTHENbHOCTH ONpeleNANH 3aloJHEHHEe Me-
30MIaHKTOHOM, a TaKXe MaKpPOIJIaHKTOHOM M 6eHTOCOM. I[I[pMHHMas BO BHHMAaHHe,dYTo
3aBHCHMOCTL COCTOAHHMA 3HIOJHEHMA OT BpPEMEHHM NPUOIHU3HTENbHO NPAMOJHHelHas

(puc.1-5), BHUHCJAAIH yDaBHEHHA:
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M + a + bt

(rze: M - noxasarexn sanoxHenua (0/000), t - Bpema (uaca), a - HaualbHOE
sanoxnenne (0/000), b - xodpPUIKHEHT TeMIa 9BaKyanuu), a Takke BDPeMH 3Ba-
Kyaluuu te = - %, BIA BcexX oOmnHTOB (Ta6.1-3). YCTAHOBJEHO, UTO TEeMIO H Bpe-
MA 9BaKyanuH 3aBHCENH, Kak OT TeMIepaTypH (puc.l,3,5), Tak ¥ OT HayalbHOTO
sanoaHeHusa (puc.2 # 4). 9Ty 3aBHCHMOCTH NpPELCTABIAET cO60# perpeccHOHHOe
yPaBHEHHMe C TpeMA TNpHU3HAKaMH, & MMEHHO: IJA CelIbl¥ KODMUBIeHcA Me3OIIaHK-
TOHOM ) '

TE, = 41,128 - 2,368T + 0,011Mo

HLJIA CeJbIH KOPMHBmeﬁCﬁ MaKpPOIJIaHKTOHOM H GEeHTOCOM:

tE2 = 35,141 - 2,034T + 0,321Mo

AJA NINIPpOTa KOPMHBIOErocCsa ME3ONINIaHKTOHOM:

tE3 = 62,380 - 5,587T + 0,238Mo

rne: tE - ppema sBakyamuu (uaca), T - Temmeparypa (OC), Mo - HavalnbHOE 3a-
noxuenne (0/000).

Pazanuua MEXIYy BPEeMeHaMHM OBaKyalHd Me3O0NNaHKTOHa H MAakKpOIJIaHKTOHa ¢
6eHTOCOM y CeJbIHM yBeJHUHMBaIHCh NPONOPIHOHANIBHO, IO Mepe IOBHMEHHUA cTe-
NeHM HayallbHOTO 3aNnoJHEHHA M TeMnepaTypH, UTO H306paxaeT pPHC.6 (nuHnm 1
1 2). IonyueHHHe De3yJnbTaTH NOKa3al¥, YTO NP MHTEHCHBHOM 3alOJHEHHH xe-
IyLKa MEJIKMMH GOopMaMHM Me30INIaHKTOHaA TEMII 3Bakyalldd ABIAETCA 3HAYUTEJIBHO
60JBMNKM II0 CPaBHEHHI C TaKUM Xe 3aloJHeHHeM Xelyjhka 6ojJee KPYyNHHMH opra-
HH3MaMH MakpONJIaHKTOHa M 6eHTOca.

O6a ypaBHeHHA IJA CelblH HMENT yHMBepCalbHOEe IPMMEHEeHHe, TOrLa Kak ypaB-
HeHHe JIJA NIpoTa MOXeT NPHMEHATHCA B YCIOBHAX CXOLHHX C yCTaHOBJIEHHHEMH IJA
omura (ra6.3), T.e. ODH TeMmepaType 10-1100 ¥ IIPY IOBHmMEEHOH TeMIeparype

Insa OOJBINOIO 3aloJHEHHdA.
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