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The filtration, feeding and assimilation rates of the zooplankton consisting largely of 
copepods in a shallow eutrophic bodden south of the Darß-Zingst Peninsula (salinity: 5 
- 7°1oo) were determined under field conditions with the help of 14C-labelled phyto
plankton. During the zooplankton maximum in May (biomass: 2.13 mg dry weight/1), 
the feeding rate was up to 53.63% of the primary production. The zooplankton 
production calculated from the experimentally determined assimilation rates was not 
more than 6.5 % of the primary production. The continuously available substantial 
amounts of detritus resulted in an extraordinarily low grazing rate. 0.39-3.63 % of the 
seston present were removed from the water body daily by filtration. The studies show 
that the zooplankton also plays an important role in the ecosystem, at least part of the 
time, even in severely eutrophic landlocked coastal waters. 

Zusammenfassung: Nahrungsbiologische Untersuchungen am Zooplankton der 
Darß-Zingster Boddenkette: Die Bestimmung der Freß- und Assimilationsrate mit 
Hilfe von 14C unter Feldbedingungen

In einem flachen eutrophen Bodden südlich der Halbinsel Darß-Zingst (Salzgehalt 5-
7 u/oo) wutden mit Hilfe von 14C-markiertem Phytoplankton unter Feldbedingungen die 
F-1ltr1er-, Freß- und Assimilationsraten des überwiegend aus Copepoden bestehenden 
Zooplanktons bestimmt. Während der Zeit des Zooplanktonmaximums im Mai 
(Biomasse 2, 13 mg Trockengewicht/1) erreichte die Freßrate bis zu 52,63 % der 
Primärproduktion. Die aus den experimentell ermittelten Assimilationsraten berech
nete Produktion des Zooplanktons betrug max. 6,5 % der Primärproduktion. Das 
ständig hohe Detritusangebot bewirkte eine außerordentlich geringe Weiderate. 0,39-
3,63 % des vorhandenen Sestons wurden pro Tag durch Filtration aus dem 
Wasserkörper entfernt. Die Untersuchungen zeigen, daß auch in einem stark 
eutrophierten inneren Küstengewässer das Zooplankton zumindest zeitweise eine 
wichtige Rolle im Ökosystem spielt. 

lntroduction 

Our field studies on the nutrition biology of the zooplankton show that, at certain times 
of the year, the phytoplankton dynamics can be substantially affected by the 
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zooplankton even in severly eutrophic waters. Precise knowledge of the ingestion 
rates of planktic filter feeders is therefore indispensible for modelling dynamic 
processes in aquatic productivity. In order to model the dynamics of the zooplankton, 
particulars of its assimilation rates are also required. Within the framework of our 
complex ecological studies in the brackish water south of the Darß-Zingst Peninsula, 
we measured the feeding and assimilation rates of the zooplankton under field 
conditions by means of radiocarbon during 1976/77. 

Method 

A diagram of the method of determining the feeding and assimilation rates is given 
in Fig. 1. In order to distinguish clearly between the food and the experiment animals, 
it is necessary to restrict the particle size of the 14C-labelled phytoplankton provided as
food to below 65 /J,m while restricting the size of the zooplankton to above 115 /J,m. Since 
the cladocerans have played a very minor role in the Darß-Zingst bodden chain in 
recent years, this results in the zooplankton used consisting largely (90 - 99 % of the 
biomass) of adult and copepodite stages of calanoid copepods, mainly Eurytemora

affinis (Poppe) and Acartia tonsa (Dana) 1 . Copepods constitute with exception of June 
and July the main part of zooplankton biomass in the bodden chain (Fig. 2). 
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Experimental procedure for determining the feeding and assimilation rate of zooplankton under 

field conditions 

1) Adult and copepodite stages of calanoid copepods are referred to in this paper briefly as 
copepods 
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Mean zooplankton biomass of the Barther Bodden (1970-1974). The copepods consist almost 
exclusively of the species Eurytemora affinis (Poppe) and Acartia tonsa Dana. The main 

group other than the copepods were the rotatorians. I-IX correspond to months. Biomass was 

determined by LOHMANN's method (1908). The animals were counted with Utermöhl's inverted 
microscope 

Site water (water from natural location) is filtered through a plankton net (65 1J.m). 
100 fJ.Ci/1 of NaH14C03 are added to the water which is then exposed to artificial light 
(3.000 - 4.000 Lux) while being agitated. The zooplankton is caught by means of a 

plankton net (115 p,m) immediately before the experiment and is separated from the 
phytoplankton and coarse detritus on the net with the aid of a light trap (HEERKLOSS in 
prep.). 

The zooplankton is then added to the 14C-labelled site water in a plastic vessel 
swimming on the surface of the water. In order to determine the feeding rate, 1 1 is 
taken after 15 minutes and filtered through a 115 fJ.m net. The beaker of the plankton net 

is then emptied into a plastic bag made of polythene containing 6 1 of site water 
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filtered through a 65 (J.m net and the net is rinsed twice with 1 1 of site water which has 

been filtered through 65 v-m net. The zooplankton remains in the bag for two minutes so 

that the feeding limbs can be cleaned. The contents of the bag are then filtered 

through a 115 (J.m net. The residue containing the zooplankton in the beaker of the 
plankton net is then filtered by tipping the beaker. The net must subsequently be 
washed twice with tap water and the zooplankton is emptied into a sampling bottle. 

The animals are fixed by adding three drops of chloroform and then 5 ml of formal in 
(30%) after two minutes. lf no chloroform is used for fixation, the animals excrete 
part of the gut contents. 

In order to determine assimilation, samples of 1 1 each are taken after 100 and 200 
minutes respectively and treated as already described. In this case, the zooplankton 
remains in the plastic bag for 60 minutes, so that whole gut is free of radioactive food. 
During this time, the plastic bag is incubated by letting it float on the surface of the 
water. 

The control sample consists of 1 1 of 14C-labelled site water which is removed 
before the zooplankton is added and is then treated as if the feeding rate were 
being determined. 

In order to determine the specific radioactivity of the phytoplankton, samples 

of about 20 ml each are removed after the zooplankton has been added and 

again after 200 minutes. These samples are then filtered through a 65 /J.m net. The 
filtrate is not fixed and is filtered through a membrane filter ("Sympor 6", 0,4 v-m) after 
not more than 30 minutes (2 x 2 ml to measure the radioactivity and 2 x 5 ml to 
determine the weight). 

Part of the fixed zooplankton is transferred on glass fibre filters by means of a 
filtration device. The rest is used for counting the numbers of individuals under an 
inverted microscope. 

The radioactivity of the membrane and glass fibre filters is measured by means of a 
Geiger-Müller counter, whereupon the dry weight is determined. The zooplankton 
pulse rates are corrected by a self-absorption coefficient of 1.3, according to data of 
RICHMAN (1966) and P.-ZANKAI et al. ('1974), who gave figures of 1.23 for Diaptomus 

orogenensis and 1.38 for Diaptomus graci/is respectively. 

After all pulse rates and weights have been corrected by substracting the corres
ponding values of the controls, the specific feeding and assimilation rates (f2 , 

a2, see figure 3) can be calculated by multiplying the radioactivity of the zooplankton 
by the reciprocal of the specific radioactivity of the phytoplankton. Means are cal
culated from the assimilation rates determined after 100 and 200 minutes of incuba
tion. 

All rates are compared on the basis of the dry plankton and seston weights. The 
following conversion factors are used (according to LENZ, 1974): 

wet weight to dry weight: 0.2 

carbon to phytoplankton dry weight: 3 

(ash content 35 % in dry substance and the carbon content 50 % in ash-free dry 
substance). 

When converting the amount of primary production per unit area (data taken from 

HELWIG, 1976) to primary production per unit volume, a mean depth of 1.3 m, for the 

water body involved (Barther Bodden) is assumed as a basis. 
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Results and Discussion 

The experi ments were designed to determine specific feeding and assimilation rates 
(f2, a2). These rates wer,e then converted to absolute rates (f1, a1) by using the monthly 
mean of the copepod biomass and to grazing (G) and feeding rate (F) by using seston 
content (Fig. 3). Results from four selected months are presented in Table 1. 
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GRAZING RATE G 

FILTER ING RATE F 

f2
} 

[ mg dwt PHYTOPLANKTON, mg dwt ZO OPLANKTON-1, OAy-1: mg,mg·td·1 
a2 [ IJ..6.ILY RATION IN PER CENT OF BODY WEIGHT : °lo / d J 

l 
Multiplied by biomass 

"E-- (dry weightl of copepods 

t, } [ mg dwt PHYTOPLANKTON • 1·1,d-1 : mg, 1·1 · cr1] 
a, t� Multiplied by seston content 

[mg dwt · t·1J 

[1 · 1- 1 · d-1] 

�ROPORTION OF SESTON GRAZ EO PER DA Y : °lo / d] 

[ ml , mg dwt Z O OPLANKTON-1 , d-1 : ml. mg·1. d-1 J 

Summary ot calculation procedures and dimensions of rates used 

The specific feeding rate (f2) states how much phytoplankton is eaten daily by 1 mg of 
zooplankton or what percentage of its own body weight a zooplankton organism 
ingests daily. Our experiments showed that 1 mg of copepods eat between 0.127 and 
1.975 mg ot phytoplankton daily, that is of the same order of magnitude as the findings 
published by _other authors (MULLIN and BROOKS, 1970; PETIPA et. al., 1970; 
PFAFFENHÖFER, 1971; POULET, 1976). During the copepod maximum in May, the 
zooplankton consumed daily up to 52.63% of the phytoplankton produced. The cores
ponding figure for March, in contrast, is only 4.18%. These values show that, even 
in the severely eutrophic landlocked coastal waters of the southern Baltic, the zoo
plankton is sometimes of decisive importance for the dynamics of phytoplankton 
development. 

That part of the food which is not only ingested but is also resorbed in the gut forms the 
basis for the calculation of the assimilation rate. The specific assimilation rate (a2) is a 
measure for the phytoplankton biomass assimilated by 1 mg of zooplankton daily. The 
values derived from our studies lie between 0.01 and 0.346 mg. 

A definite correlation between the temperature and the specific rates can be derived 
from the results so far obtained from our experiments. The extent to which other 
factors such as food quality, food supply and the age structure of the zooplankton 
population play a role is as yet unknown. 
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Table 1 

Relations between productivity parameters in the Barther Bodden. Primary production was 

measured by means of the 14C method; particulars are stated in HELWIG (1976). Copepod 

biomass -see fig.2. Feeding and assimilation rates were determined by means of 
14

c labelled

phytoplankton. Seston content was determined by means of membrane filters ("Synpor 6", 0,4 ,um 

pore size) parallel to feeding and assimilation rates. 

March May June October 

Mean Temperature (°C) 4.1 12.0 18.0 10.4 

Primary Production (mg dwt 1 1 d
1
) 1.89 3.57 3.58 1.04 

Biomass of Copepods (Adult and Copepo-
dit Stages 

(mg dwt i-
1
) 0.46 2.13 0.52 0.46 

a2 (mg mg 1 d 1) 0.010 0.218 0.346 0.034 
a1 (mg dwt 1-1 d-1) 0.004 0.464 0.180 0.016 

1 
0.11 2.51 0.77 - a1: Prim. Prod. (%) 6.50 

2 

f 2 (mg mg-1 d-1) 0. 172 0.882 1.975 0.127 
h· (mg· dwt 1-1 d-1) 0.079 1.879 1.070 0.058 

f1: Prim. Prod. (%) 4.18 52.63 28.69 5.58 

Seston < 65 µ.m (mg dwt 1.-1) 15.0 51.7 43.1 14.7 

G (%/d) 0.53 3.63 2.38 0.39 
F (ml mg dwC1 d-1

) 11.50 17.06 45.82 8.64 

The absolute rates were determined by multiplication of the specific rates with the 
monthly mean of copepod biomass. The unit \Vater volume served as a reference value 
in this case. In this way it is possible to directly compare the absolute rates with the 
magnitude of the primary production. The absolute feeding rate (f1) states how many 
mg of phytoplankton per litre of water are consumed daily by the zooplankton. In the 
Barther Bodden, this value fluctuates between 0.058 and 1.879 · mg. The absolute 
assimilation rate (a1), in contrast, states the amount of the phytoplankton biomass in 1 1 
of water which is assimilated by the zooplankton. This value is naturally substantially 
lower than the absolute feeding rate and fluctuated, in our experiments, between 0.004 
and 0.464 mg. 

The filtration and grazing rates (F) and (G) respectively are calculated by dividing the 
absolute and specific feeding rates by the seston content. The grazing rate (G) states 
the percentage of the available seston which is ingested daily by the zooplankton. This 
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value fluctuates between 0.39 and 3.63 % daily. These values appear very low in 
comparison to the results published by HANEY (1973) who obtained a mean grazing 
rate of 80 % daily for the, also eutrophic, Heart Lake during the summer. The 

shallowness of the Bodden waters obviously plays a major role in this connection, 

since it accounts for the unusually high detritus content. 

Finally, the filtering rate (F) states the volume of water which can be filtered by 1 mg of 
zooplankton (volumes swept clear). In the Barther Bodden, 1 mg of copepods is 

able to filter between 8.64 ml (in October) and 45.82 ml (in June) of water. 

The assimilation values determined multiplied by 0.5 give, on the basis of findings 

published by DAGG (1976), the magnitude of the production of the copepods. 

Comparison ul the primary production with the secondary copepod production 

reveals trophic level production efficiency values of between 0.11 % in March and 

6.50 % in May, i.e. the primary production considerably exceeds the secondary 

production value. Noteworthy in this connection is not only the remarkably 
unfavourable ratio between primary and secondary production but also the fact that, 
for example, in May 52.63 % of the biomass produced by the phytoplankton is ingested 

daily, but only 13.0 % is assimilated. 

lt must, however, be remembered that assimilation rates determined with the aid of 
radiocarbon during long term experiments require some form of error correction 
procedure which was not possible due to the variable conditions encountered during 

our field experiments. For example LAMPERT (1977) showed that radiocarbon is 
released by the experimental animals, so that the experimentally determined 
assimilation values are lower than the actual assimilation values. 

At this point it must also be stressed that the hourly rates determined mainly du ring the 
midday period were calculated wi.thout consideration being given to any possible 

diurnal rhythm in the feeding acitivity of the copepods. The results we have so far 
achieved can therefore only be regarded as rough values which require more precise 
determination by means of investigations into the diurnal rhythm. 

Nevertheless, it can already be said that the copepods, particularly in the spring and 
early summer, play an important role in the ecosystem of our landlocked coastal 

waters, whereas they are of minor importance during the late summer, autumn and 

winter. 
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