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Summary. The aim of this study was to assess the effects 
of developmental events, occurring in fish during the first 
weeks after hatching, on the quantity and quality of the 
ingested food and on growth. The investigation was carried 
out with the larvae and juveniles of Rutilus rutilus, the single 
cyprinid species occurring in an oligotrophic subalpine lake 
in Tirol, Austria. Comparison between availability of prey 
in the water and gut contents suggests that the selection 
of food by the young fish is strongly influenced by develop- 
mental processes. For example, the prevalence of indigest- 
ible phytoplankton in the gut of young larvae can be taken 
as a sign of the not yet fully developed sensory and locomo- 
tory capacities of the young fish (E1-Fiky et al. 1987). Fur- 
thermore, quantitative and qualitative changes in the gut 
contents correlate strongly with changes in the form and 
relative length of the gut, but reflect only weakly the avail- 
ability of prey in the water. In the Seefelder See population 
of R. rutilus the switch from a phytoplankton to a clado- 
ceran dominated diet is accompanied by an increase in rela- 
tive growth rate by nearly one order of magnitude (Wieser 
et al. 1988). 

Key words: Rutilus rutilus - Growth - Diet composition 
- Food availability - Gut length - Cladocera 

Food availability and competition are usually considered 
the major determinants of community structure. The size 
of the organisms involved is an important factor in this 
connection, affecting community structure via size-depen- 
dent resource utilization and size-dependent competition 
(Hutchinson 1959; Schoener 1974; Peters 1983). However, 
there is an ontogenetic aspect of species interactions in com- 
munities which is only just beginning to be appreciated in 
the literature. As far as aquatic communities are concerned 
we owe it to Werner (see Werner and Gilliam 1984) to 
have drawn attention to the fact that the pattern of an 
organism's resource use (thus its role in the community) 
changes as the organism increases in size from birth or 
hatching to its maximum (see also Lammens et al. 1985). 
This effect is particularly large in poikilothermic animals, 
for example in some fish which weight about 1 mg at hatch- 
ing and may grow by three orders of magnitude within 
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three months. But size is not the only ontogenetic variable 
affecting species interactions in natural communities. Apart  
from spectacular developmental processes, like metamor- 
phosis and moulting, most animals pass through develop- 
mental steps, or "s tanzas"  (Ricker 1979), accompanied by 
structural and functional reorganizations which are likely 
to affect resource utilization as well as competitive abilities. 
In fish a number of larval stages have been recognized (Ba- 
lon 1979) each characterized by changes involving one or 
several organ systems, like feeding apparatus, locomotor 
apparatus, gills, and sense organs (Blaxter 1986; E1-Fiky 
et al. 1987; E1-Fiky and Wieser 1988). Inasfar as these de- 
velopmental events are reflected in specific nutritional re- 
quirements or specific abilities of food aquisition, synchro- 
nization with environmental events is necessary for fishes 
to survive this most sensitive phase of their life cycle (Wieser 
et al. 1988; Gadomski and Petersen 1988). The role of de- 
velopmental processes in determining food selection and 
species interactions in aquatic communities has not yet re- 
ceived the attention it deserves. 

Material and methods 

This study was carried out in Seefelder See, an oligotrophic 
subalpine lake situated at an altitude of 1210 m near See- 
feld, about 30 km NW of Innsbruck. The hydrography of 
the lake has been described by Leutelt-Kipke (1934) and 
by Pechlaner et al. (1980). The fish fauna is restricted to 
roach (Rutilus rutilus L.), perch (Perca fluviatilis L.) and 
some pike (Esox lucius L.). Most of the lake is surrounded 
by a belt of Phragmites which serves as a spawning area 
for roach and as a shelter for the larvae. The lake is very 
shallow, its maximum depth not exceeding 5 m. Ice cover 
is present from about December to April/May. Spawning 
of roach takes place only once, in late May, and the larvae 
usually hatch in the first week of June. Due to the low 
temperature in the beginning of June (12-14 ~ C) growth 
of R. rutilus is very slow at first, but with increasing temper- 
ature and food availability the specific rate of growth may 
increase from 3 to 30% fbw.d-1 within one week (Wieser 
et al. 1988). In 1985 larvae and juveniles of roach were 
sampled from June 12th to September 5th and their distri- 
bution in the lake as well as their gut contents and patterns 
of growth were studied. On most of the fish sampling days 
plankton samples were also taken in order to compare food 
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F i g .  1 A-C. Horizontal distribution of Rutilus rutilus during approximately the first three months after hatching in Seefelder See, an 
oligotrophic subalpine lake in Tirol, Austria. The results of visual counts along three transects (A, B, C) are shown. Height of columns 
indicates relative abundance of fish swimming across submerged plexiglass plates. All specimens counted during one observation period = 
100%. Abscissa: distance (in m) of observation point from shore line or edge of reed belt 

availability in the water and food selection by the growing 
fish. However, due to technical problems this matching of 
samples was not always achieved (see Fig. 3). 

Sampling offish and plankton. Sampling was carried out 
from a small boat along three transects from the shore 
line to a distance of about 20 m offshore where the depth 
of the lake was still only about I m .  Fish were sampled 
always at the same time in the morning to ensure constancy 
of the state of nutrition. A scoop net was used and the 
fish were immediately preserved in buffered 4% formalde- 
hyde. Plankton was sampled with a Ruttner sampler hold- 
ing a volume of about 5 L. Care was taken not to disturb 
the silty sediment of the bottom so that only the truly pe- 
lagic element of the plankton was collected quantitatively. 
The contents of the sampler were strained through a 47 gm 
mesh screen and the retained material preserved in formal- 
dehyde. The density of the roach population at different 
sites along the transect was estimated by counting 4 to 
5 times every 5 minutes the number of fish swimming across 

opalescent plexiglass plates (30 x 30 cm) that had been put 
down earlier (Rheinberger et al. 1987). 

Preparation and analysis of gut contents. After determining 
total length and weight of a larva of juvenile the gut was 
removed under a dissecting microscope, measured, opened 
and the contents placed on a glass slide. Under a light 
microscope the food items were identified as near as possi- 
ble to species, but in this paper only the most abundant 
species will be listed (see Table 5). Rarer species are collec- 
tively included in a higher taxon. The body length of the 
most undamaged food items was measured and average 
prey length was calculated. The volume of each type of 
prey was calculated as described by Ruttner-Kolisko (1977) 
for rotifers and by Edmondson and Winberg (1971) for 
crustaceans. For other groups simple assumptions were 
made as to the geometric shape of the organisms. Diet com- 
position was expressed as the abundance, or volume, of 
a given food class in per cent of total food items, or total 
food volume, in the gut (see also Mark et al. 1987). 
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Fig. 2A-C. Total length of Rutilus rutilus at the three transects 
of Seefelder See. From about mid-July a distinction was made 
between specimens sampled close to the shore (open circles) and 
specimens sampled furthest offshore, as indicated in Fig. 1 (closed 
circles) 

Results 

Horizontal distribution and growth 

The larvae hatched from eggs deposited within the belt  of  
macrophytes  a round  June 5th and on June 12th were still 
confined to this zone. In the second half  of  June the larvae 

began to move offshore as shown for the three transects 
in Fig. 1. Unti l  the beginning of  September the popula t ion  
appeared  fairly spread out, with some specimens closer to 
the shore than others. I t  is interesting that  from the begin- 
ning of  July the more  offshore members of  the popula t ion  
were always significantly larger than the nearshore members  
(Fig. 2). Either the dis tr ibut ion was s ta t ionary and the off- 
shore specimens found better  nourishment,  or the fish 
moved about  horizontal ly  and the larger and less vulnerable 
specimens dared further offshore than the smaller ones. 

Prey selection 

Prey availabil i ty in the open water  based on p lankton  sam- 
ples is summarized in Table 1. Since no differences were 
found between transects and between sites a long one tran- 
sect all samples have been pooled.  Al though the sampler  
contained benthic forms, par t icular ly  benthic cladocerans,  
their abundance  in the sampler  does not  reflect their abun-  
dance at  the bo t tom of  the lake. In consequence, food selec- 
t ion by the fish can be given unambiguously  only for the 
truly pelagic forms, i.e. pelagic rotifers, pelagic cladocerans 
and copepods.  Amongs t  crustaceans only Bosmina longiros- 
tris and Ceriodaphnia pulchella were eaten with sufficiently 
high frequency (Table 2) to allow a compar ison  between 
food availabil i ty in the water and food selection by the 
fish. This compar ison  as set out  in Fig. 3 shows that  quanti-  
tative correspondence between food availabil i ty and gut  
contents holds for rotifers only, and only for the first month  
after hatching of  the fish larvae. With  regard to the two 
species of  pelagic Cladocera  the quali tat ive impression is 
that  the juvenile fish started to select tham at a time when 
the prey had  become less abundant  in the water. 

This pat tern  suggests that  food selection of  the young 
fish was not  only determined by the availabil i ty of  prey 
but  also by the schedule of  developmental  processes. 

In  those fish which had swallowed the highest number  
of  a given prey class intensity of  selection ( = n u m b e r  of  
prey items in gut /number  o f  prey items in one liter of  water) 

Table 1, Density of plankton in Seefelder See (Summer 1985). Figures are average numbers of animals per 1 of water. Averages are 
based on number of samples as indicated in column 4 

date T no rotif Cladocera Copepoda 
(~ samples 

day month B.1. C.p. D.spp S.m. S.c. P1. 

12 6 14.1 3 478 0.2 2.9 0.l 1.1 3.0 4.1 - 
18 6 14.7 5 222 1.0 0.1 -- 0.1 0.3 0.1 0.9 
21 6 14.8 5 308 5.0 5.0 -- 3.2 4.8 11.4 6.9 
26 6 15.8 5 130 1.4 8.6 0.8 -- 0.3 1.I 3.2 

5 7 17.0 3 239 3.9 6.9 3.6 3.0 6.0 n.d. 3.9 
12 7 17,8 6 232 1.3 2.4 1.2 0.9 2.0 5.0 0.1 
15 7 18,9 5 368 0.3 0.2 2.1 0.2 - 0.8 1.0 
19 7 n.d. 3 254 0.3 0.2 0.1 0.6 2.4 0.7 1.1 
23 7 22.2 5 267 0.3 1.6 0.2 1.1 1.5 1.3 5.6 
26 7 20.8 4 317 0.2 0.5 0.1 0.1 0.1 0.4 0.4 
30 7 20.2 5 76 0.4 0.4 0.2 0.2 0.3 0.4 1.1 
14 8 17.4 5 69 0.8 0.1 0.1 0.2 - 0.6 0.2 
22 8 18.7 6 70 0.6 0.1 0.5 - 0.5 0.2 0.6 
30 8 13.6 5 41 0.4 0.3 0.3 0.4 0.1 3.1 2.7 

5 9 17.0 5 27 0.1 0.2 0.2 0.1 0.1 0.3 0.3 

rotif rotifers ; B.I. Bosmina longirostris," C.p. Ceriodaphnia pulehella ; D.spp Daphnia spp. ; S.m. Scapholeberis rnucronata ; S.c. Sida crystal- 
lina; PI. Pleuroxus spp. 
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Table 2. Average number of food objects in gut of young roach. Number of fish examined listed in last column of Table 4. For 
higher taxa the figure given is the average of all fish examined; for the two species of Cladocera the figure given (in heavy print) 
is the average of only those fish in which the prey was present 

date phyto rotif Cladocera cop naup allo chiro nema 

day month bent pel Bos Cer 

12 6 20.6 7.2 0.1 0.9 3.0 . . . .  0.5 0.t 
18 6 50.5 7.9 - 0.5 1.0 - - 0.4 - 0.7 - 
21 6 50.4 7.3 . . . . .  0.4 - - - 
26 6 26.5 3.5 0.2 0.8 1.3 6.5 0.1 0.3 0.1 0.4 0.1 

5 7 154.7 6.8 0.3 0.5 1.0 1.5 - 0.7 - 0.7 0.1 
12 7 31.9 5.1 0.7 2.6 6.7 1.7 - 0.1 0.1 0.5 0.1 
19 7 1.7 1.7 3.0 3.0 2.7 2.6 1.1 1.7 0.3 1.1 0.1 
26 7 10.6 2.8 2.4 1.8 2.0 2.0 0.6 1.2 0.3 2.2 - 
30 7 2.5 0.7 3.2 1.8 5.5 - - - 2.7 2.8 - 
2 8 6.4 5.5 7.0 16.7 18.7 9.0 0.2 0.4 1.3 1.5 0.2 

14 8 13.3 0.3 12.6 39.4 44.0 2.6 0.4 0.2 0.3 1.7 0.1 
5 9 11.7 1.1 7.2 2.1 3.0 - 0.9 0.2 1.8 0.8 0.3 

phy to  phytoplankton (dominant taxa: Microcyst is  sp., Coelosphaerium sp., Dinophyta spp., Botryococcus sp., other Chlorophyceae); 
ro t i f  rotifers (dominant species: Lecane sp., Keratella sp., Trichocerca sp.); pel  pelagic; Bos Bosrnina longirostris; Cer Ceriodaphnia 
putchelIa; cop adult copepods; naup nauplii; allo allochthonous materiat (mainly aerial insects); chiro chironomid larvae; nema nematodes 

Table 3. Average volumes of major groups of food organisms in gut of young roach. Figures are nl per fish. Number of fish examined 
listed in last column of Table 4 

date length phyto rotif crust insects rest total 
(ram) 

day month 

12 6 8.5 4.9 0.7 3.9 0.6 1.0 11.2 
t8 6 8.0-9.0 11.2 0.6 2.9 11.4 3.1 29.0 
21 6 8.5 9.0 13.0 0.7 0.5 -- 1.1 15.4 
26 6 9.0-10.0 8.9 0.5 25.6 8.2 0.5 43.7 

5 7 9.5-10.0 39.0 0.7 21.8 6.5 0.5 68.5 
12 7 10.0-12.5 6.3 0.4 41.2 7.2 0.8 54.4 
19 7 11.0-16.0 0.9 0.2 220.6 55.1 0.5 277.2 
26 7 13.0-16.0 3.1 0.3 251.3 58.3 7.4 320.3 
30 7 15.5-17.0 0.6 0. t 230.9 377.9 - 685.1 
2 8 18.0-21.0 2.2 0.6 786.4 t 52.3 6.2 947.4 

14 8 20.0-26.0 3.3 - 1255.7 72.2 2.7 1331.5 
5 9 25.0-33.0 6.4 -- 620.0 254.0 51.2 931.6 

phyto  phytoplankton; ro t i f  rotifers; crust crustaceans; insects mainly chironomid larvae 

was low for the Rotatoria,  high for B o s m i n a  long i ros t r i s ,  

and intermediate for C e r i o d a p h n i a  p u l c h e l l a .  

P r e y  v o l u m e  a n d  g u t  c o n t e n t s  

On the basis of volume determinations of the important  
prey items total volume of the different classes of food 
in the gut contents were determined. Table 3 shows that 
dramatic changes in total food volume as well as in the 
composition of the gut contents took place at least twice 
in the course of the investigation. Phytoplankton formed 
an important  component  of the gut contents until  the larvae 
measured about  10 mm in body length. A short time later 
the volume of crustaceans and insects (the latter consisting 
mainly of chironomid larvae) in the gut increased, followed 
by yet another increase in the volume of crustaceans which 
at the beginning of August  comprised 80 to 90% of the 
total gut contents. If  one compares the occurrence of these 
three groups of food items in the gut with the relative length 

of the gut of the fish ( =  [length of gut/total length of body]. 
100) (Fig. 4) it emerges that these changes in food content 
and food composition are correlated with a rather sudden 
change in the relative length and the form of the gut which 
probably also reflects functional changes in the digestive 
apparatus of the fish. 

Further  details of changes in the composition of the 
gut contents with development are summarized in Tables 4 
and 5. Phytoplankton formed an important  part of  the gut 
contents until  July 12th when the larvae measured 
10-12.5 mm in length (Table 3). Although the smallest cla- 
docerans, B o s m i n a  and A l o n a ,  were occasionally swallowed 
by the smallest larvae, the bulk of the cladocerans began 
to comprise a significant port ion of gut volume not  until  
June 26, and it took another two weeks or so until  the 
largest benthic form, P l e u r o x u s  laevis ,  became the most 
prominent  prey object in the gut. There was no correspond- 
ing increase in density of this cladoceran species in the water 
samples (Table 1). Adult  copepods were never caught in 
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Fig. 3. Density of three 
types of pelagic prey in 
lake water (specimens per 
1) and in gut contents of 
young Rutilus rutilus 
(specimens per fish) 

significant amounts by the young fish. On the other hand, 
large chironomids made up a substantial part  of  the gut 
volume even of  some very small larvae. The most  striking 
developmental change that occurred in these fish, however, 
is the increase in total food volume in two steps: first be- 
tween July 12 and 17, second between July 26 and August 
2 (Table 3). This increase in food uptake coincides with 

a general decrease in density of  the lake fauna (Tables 1 
and 6). 

D i s c u s s i o n  

After hatching in the littoral zone as larvae the juveniles 
of  R. rutilus gradually move offshore into the open water. 
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This seems to be a genetically fixed behaviour since it has 
been observed in all populations of roach irrespective of 
whether the larvae of other cyprinid species occurred in 
the same habitat (Hammer 1985; Braband 1985; Rhein- 
berger et al. 1987) or whether R. rutilus was the only cy- 
prinid present in the lake (this investigation). In another 
subalpine lake, Piburger See, the horizontal movements of 
R. rutilus led to habitat separation between the juveniles 
of this species and those of the closely related rudd (Scardin- 
ius erythrophthalmus) and chub (Leuciscus cephalus) (Rhein- 
berger et al. 1987). 

Our data confirm the role of the roach as one of the 

most versatile generalists in European lakes. Despite this 
feature the composition of the diet during the first weeks 
after hatching is not only determined by availability of food 
in the habitat but by developmental events. The most gener- 
al of these is, of course, the increase in size of the fish 
which correlates with an increase in the average size of 
the food objects swallowed (Werner and Gilliam 1984). Up 
to a total body length of about 10 mm the gut contents 
of roach larvae consisted mainly of the smallest pelagic 
objects, phytoplankton, rotifers and the smallest cladocer- 
ans, particularly Bosmina longirostris, the most vulnerable 
species of cladocerans (Bohl 1982). The prevalence of phy- 
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Table 4. Relative volumes of major groups of food organisms in gut of young roach. Figures are average per cent of total food volume; 
number of fish examined indicated in last column 

date phyto rotif Cladocera cop chironomids allo detri no no 
sample fish 

day month bent pel small large 

12 6 39.8 6.6 9.0 22.6 -- 13.5 -- -- 8.2 1 17 
18 6 32.6 2.0 -- 5.5 -- 2.5 46.2 -- 10.1 2 15 
21 6 84.7 4.5 . . . . . .  7.4 1 7 
26 6 27.0 1.7 21.6 19.6 4.2 2.4 18.6 3.9 -- 3 22 

5 7 52.0 0.9 12.3 15.7 -- 1.9 16.0 -- -- 1 10 
12 7 15.0 1.0 38.5 26.8 -- 2.3 15.5 -- -- 3 17 
19 7 0.1 0.1 37.1 37.1 11.5 0.5 10.2 10.9 -- 2 10 
26 7 1.3 0.2 27.5 24.6 9.8 2.8 14.4 7.2 -- 2 12 
30 7 0.1 -- 14.8 1.3 -- 1.5 7.3 74.9 -- 1 6 

2 8 0.3 0.1 48.3 27.1 1.3 0.6 2.5 19.1 -- 2 10 
14 8 0.4 -- 71.6 17.8 2.2 2.7 3.8 1.6 -- 3 t6 

5 9 0.4 -- 62.8 1.0 4.9 0.2 5.3 20.0 6.1 2 14 

phyto phytoplankton; rotif rotifers; bent benthic; pel pelagic; cop copepods; allo allochthonous material (mainly aerial insects); detri 
detritus; chironomids larvae < 2 mm long (small), > 2 mm long (large) 

Table 5. Relative volumes of crustaceans found in gut of roach. Details as in Table 4 

date Acr A1 Alla Gr Per P1 Bos Cer Diaptomus 

day month cop ad 

12 6 -- 9.0 . . . .  22.6 -- -- - -  

1 8  6 . . . . . .  5.5 - - -  - 

2 1  6 . . . . . . . . . .  
26 6 10.5 9.9 0.9 -- - - 3.6 16.0 4.2 -- 

5 7 - 2.5 -- -- -- 9.8 0.8 14.8 -- -- 
12 7 -- 5.3 0.3 3.2 -- 29.7 10.4 16.4 -- -- 
19 7 3.8 2.8 0.3 -- 0.9 18.0 1.1 26.3 11.5 -- 
26 7 -- 1.8 0.2 6.5 4.7 25.8 0.8 23.9 9.8 -- 
30 7 1.7 9.0 0.1 - 3.1 26.2 1.3 - - - 

2 8 1.4 7.7 0.1 1.5 0.4 13.5 6.4 20.8 0.5 0.7 
14 8 0.6 5.5 0.1 - 5.8 57.0 13.1 4.7 2.3 0.6 
5 0 - 15.4 0.1 - 1.5 43.4 1.0 - 1.9 3.0 

Acr Acroperus harpae (Baird 1835); At Alona spp.; AIla Alonella nana (Baird 1843); Gr Graptoteberis testudinaria (Fischer 1848); Per 
Peracantha truncata (O.F. Miiller 1785); P1 Pleuroxus laevis (Sars 1862); Bos Bosmina longirostris (O.F. Miiller 1785); Cer Ceriodaphnia 
pulchella (Sars 1862); cop copepodits; ad adults 

t o p l a n k t o n  in the gut  o f  roach  larvae  has been observed  
in o the r  popu la t ions  o f  this species as well ( H a m m e r  1985; 
M a r k  et al. 1987). Since this k ind  o f  f o o d  c a n n o t  be digested 
by the fish one  has to assume tha t  bac ter ia  o r  ciliates asso- 
ciated wi th  the a lgae  are the m a j o r  source o f  food  dur ing  
this per iod.  A t  any rate,  g rowth  is slow, no t  exceeding 
8% f b w . d - 1  even if  cor rec ted  for  the low t empera tu re  pre-  
vai l ing in the lake at tha t  t ime (Wieser  et  al. I988). In  o the r  
lakes rotifers,  and  somet imes  naupli i ,  compr i se  the domi-  
nan t  diet  dur ing  the first weeks  after  ha tch ing  (Gr igorash  
et al. 1972; Wea the r l ey  1987). The  high percen tage  (Ta-  
ble 4) o f  indigest ible p h y t o p l a n k t o n  in the gut  m a y  also 
be t aken  as a sign o f  the no t  yet  fully deve loped  sensory 
and  l o c o m o t o r y  capaci t ies  o f  the y o u n g  fish. U p  to a body  
length o f  10-12 m m  the swimming  muscle  are no t  yet  fully 
d i f ferent ia ted  (E1-Fiky e t a l .  1987; E1-Fiky and  Wieser  
1988). The  la rvae  m o v e  in i r regular  burs ts  and  are  no t  yet  
capable  o f  la teral  ro t a t ion  (Gr igorash  et al. 1972). Cor re -  
lated wi th  these m o t o r i c  deficiencies we m a y  expect  defi- 
ciencies o f  the  sensory o rgans  (Blaxter  1986, and  u n p u b -  
l ished observat ions) .  

As  the fish g row the c o m p o s i t i o n  and  v o l u m e  o f  the 
diet  changes  drastically.  As  in o the r  popu la t i ons  o f  roach  
(Gr igorash  e t a l .  1972; H a m m e r  1985; Cryer  e t a l .  1986; 
T o w n s e n d  et at. 1986) c ladocerans  are  b e c o m i n g  the domi -  
nan t  c o m p o n e n t  o f  the diet, In  Augus t ,  Alona spp., Grapto- 
leberis testudinaria, Pleuroxus laevis and  Ceriodaphnia pul- 
chella, m a y  represent  up to 90% o f  diet  vo lume.  S imul ta-  
neous ly  the to ta l  v o l u m e  o f  the gut  con ten t s  increases.  This  
is d o c u m e n t e d  by Tab le  6, in which diet  v o l u m e  is expressed 
in per  cent  o f  average  fresh b o d y  weight  (the la t ter  t aken  
f r o m  Wieser  et al. 1988). 

The  increase in relat ive v o l u m e  o f  the gut  conten ts  which  
takes place in the second ha l f  o f  July corre la tes  wi th  an  
equal ly  dist inct  change  in the f o r m  and  relat ive length  o f  
the gut  (Fig. 4;  Tab le  6). There  m a y  also be non- l inea r  in- 
creases in p ro teo ly t i c  act ivi ty  invo lved  since a b reak  in 
" p r o t e o l y t i c  a c t i o n "  ( tryptic  act ivi ty  mul t ip l ied  by gut  pas-  
sage t ime) was observed  in the larvae  o f  R. rutilus at a 
fresh body  weight  o f  a b o u t  20 m g  (Hofe r  and  Nas i r  U d d i n  
1985). 

In  Seefelder  See the increase in relat ive gut  length  and  



Table 6. Length, flesh body weight (fbw), absolute and relative volume of diet, 
and density of all crustaceans (crust.) in water samples from Seefelder See. The 
cladocerans collected by means of the Ruttner sampler 
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relative length of gut in larvae and juveniles of roach, 
latter figure includes not only pelagic but also benthic 

date 

day month 

average average average relative relative density 
length fbw volume length of volume of of crust. 
(mm) (mg) of diet gut (% of diet (% of in water 

(gl/fish) body length) fbw) (N.L- 1) 

12 6 8.5 2.4 0.0112 
21 6 8.7 3.7 0.0154 
12 7 11.2 6.9 0.0544 
19 7 13.5 27.1 0.277 
30 7 16.2 56.2 0.685 
2 8 19.5 63.9 0.947 

14 8 23.0 88.8 1.331 

42.5_+2.1 0.47 16.5 
41.4 + 3.3 0.42 48.5 
38.5-t-2.7 0.78 19.8 
36.8 _+ 2.6 1.02 6.4 
51.8_+4.4 1.22 2.3 
51.7 __. 3.4 1.48 n.d. 
58.1 • 7.2 1.50 3.3 

the switch from a phytoplankton dominated to a cladoceran 
dominated diet was accompanied by an increase in relative 
growth rate (%fbw.d-1)  by nearly one order of magnitude 
(Wieser et al. 1988). It may be that such a close correlation 
between developmental processes and diet composit ion be- 
comes visible particularly under poor food conditions as 
they prevail in this oligotrophic lake. In a Canadian lake 
Keast (1980) found a much closer relationship between diet 
and food availability in the larvae and juveniles of several 
species of percids and centrarchids. 
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