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SUMMARY 

The daytime vertical distribution of Daphnia magna STRAUS genotypes, characterized by 
differences at two enzyme loci (Got and Pgi), was analysed in a sha llow pond. Though ali 
genotypes tended to occur predominantly in the lower half of the water column, we observed 
significant differences in the vertical distribution of genotypes marked by differences at the 
Got locus. Our results indicate that, in shallow water bodies too, the vertical distribution of 
zooplankton is not merely random, and that vertical distribution and migration patterns may 
be genotype-dependent in such small-sca le systems. 
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INTRODUCTION 

A substantial amount of the information on diurnal vertical migration of 
zooplankton has been derived from laboratory experiments on Daphnia magna 
(CLARKE, 1931 ; HARRIS and WOLFE, 1955 ; RrNGELBERG, 1964 ; CALABAN and 
MAKAREWICZ, 1982 ; DUMONT et al. , 1985 ; DE M EESTER, 1991a). D. magna is 
indeed easy to culture and, due to its size, easy to manipula te. MoreGver, there is 
an abundance of background information available on the physiology, ecology and 
genetics of this species (PETERS and DE BERNARD!, 1987), including a great deal of 
data on phototactic behaviour uHder laboratory conditions (reviewed by 
RINGELBERG, 1987). However, D. magna being a pond species, there is little infor
mation available on its vertical migration behaviour in the field . RINGELBERG (1964) 
reports on a nocturnal vertical migra tion (evening ascent) of aD. magna population 
in a shallow canal. RANTA and N UUTINEN (1985) also observed nocturnal migration 
of D. magna in shaUow rock-pool ~. 
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In previous work, we have shown that there is a significant genetic component 
to the variability in phototactic behaviour in D. magna (DE MEESTER, 1989, l99la, 
l993b; DE MEESTER and DUMONT, 1989; VAN UYTVANCK and DE MEESTER, 1990). 
The vertical distribution of different genotypes in outdoor containers is in concor
dance with expectations drawn from Iaboratory observations on phototactic 
behaviour (DE MEESTER, l993a). These results suggest that the vertical daytime dis
tribution of D. magna in natural populations may be genotype-dependent. Studies 
using electrophoretic markers have shown such genotype-dependent vertical dis
tributions for typicallake Daphnia species (MÜLLER and SElTZ, 1993) as well as for 
D. pulex in a large deep pond (6.5 rn depth; WEIDER, 1984). In the present study, 
we analyse the vertical distribution of D. magna genotypes in a shallow pond. 
Experiments on D. magna clones isolated from this pond have provided evidence 
for intrapopulational variability in phototactic behaviour (DE MEESTER, 1991 b ). 

MATERIAL AND METHODS 

The study site is Driehoekvijver (Heusden, Eastern Flanders, Belgium), a small 
(l/2 ha surface area) and shallow ( < l rn depth) eutrophie pond. D. magna and 
D. pu/ex are the most abundant cladocerans, but their densities are subject to rapid 
and extensive changes due to periodical flushing, and partial drying out of the pond 
in summer. The pond contains fish (Rutilus rutilus LrNNAEUS and Gasterosteus 
aculeatus LINNAEUS), but they are never abundant, probably due to the unstable 
nature of the pond system. 

Samples were taken on 5 February 1992, 14.00 h, by towing a series of rec
tangular plankton nets simultaneously through the water over a distance of 1.2 rn, 
after which ali nets were closed simultaneously. Each net was 10 cm high, with a 
sampling surface of 50 cm 2 (total volume sampled per net : 6 liter). The nets were 
mounted on a wooden bar in such a way that the complete water column was sam
pied with a depth interval of 10 cm. The sampling site was 60 cm deep, with an 
artificial (concrete) bottom, facilitating efficient sampling of the near-bottom water 
layer. From each depth sample, 30 adult D. magna females were randomly picked 
out for electrophoretic analysis and preserved in liquid nitrogen. Only 15 adult 
females were analysed from the upper waterlayer (0-10 cm), because of the low 
n umber of ammals caught. The remainder of the sample was fixed with for
maldehyde (4 %) for subsequent counting. 

Cellulose acetate electrophoretic analysis was doue according to the methods 
described in HEBERT and BEA TON (1989). Small animais ( < 2.5 mm) were 
homogenized in 50 J.!l Tris-glycine buffer solution (pH = 8.5), larger an imais in 
70 J.!l. Two enzymes were screened : glutamate-oxaloacetate transferase (Got , EC 
2.6.1.1 .) and phosphoglucose isomerase (Pgi, EC 5.3.1.9.). 

We tested the null hypothesis that there is no genotype-dependent vertical dis
tribution by means of G-tests of Independence (SoKAL and ROHLF, 1981) grouping 
individuals according to their genotype at the two loci (Got and Pgi). Two-locus 
as well as pooled one-locus genotype frequencies were tested. Though analyzing the 
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loci separa tel y (poo led data) results in a potentialloss of information, the statistical 
reliability is increased considerably due to higher cell frequencies. 

RESULTS 

The number of adult Daphnia magna caught in the different nets is given in 
Table 1. The animais are not uniformly distributed, but show a tendency to reside 
close to the bottom. Al most 50 % of the adults were found in the lower 10 cm, 
whereas Jess than 3 % occurred in the upper 10 cm. 

TABLE 1 

Depth distribution of adult Daphnia magna in DriehoekvijVer, 5 February 1992, 14.00 h. 
N : number of adults caught; N 1- 1 : density per liter; % : percentage of total population 
caught at given depth ; avg.: average. 

Depth N NJ - 1 % 

0-10 cm 17 2.8 2.4 
10-20 cm 32 5.3 4.6 
20-30 cm 42 7.0 6.0 
30-40 cm 130 21.7 18.5 
40-50 cm 150 25.0 21.4 
50-60 cm 330 55.0 47.1 

avg. 11 6.8 19.5 

Ali possible two-locus genotypes were represented in the population (Table 2). 
An overall RxC G-Test of Independence indicates a genotype-dependent vertical 
distribution when the data are pooled according to genotype at Got (G
statistic = 25.98, df = 10, p < 0.005). When the data are pooled for genotype at 
Pgi, the null hypothesis is not rejected (G-statistic = 8.11 , df = 10, p > 0.5). Pool
ing depth strata two by two (0-20 cm, 20-40 cm, 40-60 cm) yields sirnilar results 
(Got : G-statistic = 9.77, df = 4, p < 0.05 ; Pgi : G-statistic = 1.90, df = 4, 
p > 0.5). The vertical distribution of genotypes heterozygous for Got is found to 
be significantly different from that of both homozygous genotypes by G-tests 
(p < 0.001). No significant differences were observed in the vertical distribution of 
Pgi genotypes (G-tests, ali p > 0.1). 

Analysing the frequency data of a LI two-locus genotypes that represent > 5 % 
of the population yields sorne additional differences (see Table 2), but caution 
should be taken in interpreting these results, as sample sizes are small. Figure 1 
shows that, though the genotypes marked by differences at the Got locus were ali 
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TABLE 2 

Genotype of 165 adult Daphnia magna sampled at different depths in the Driehoekvijver. 
Number of animais sampled at depth 0-10 cm is 15, and 30 at aU other depths. n°: number 
designated to genotypes; % : relative abundance of genotype in poo led sample (corrected for 
reduced sample size at depth 0-10 cm) ; G : pairwise comparisons of distribution over depth 
of genotypes (in case of two-locus genotypes, only those representing > 5 % of the sampled 
individuals analysed) by G-tests, numbers refer to genotypes for which the vertical distribu
tion is significantly different a t p = 0.05 ; ns : no significant differences were observed for any 
of the comparisons ; 1 : data not analysed due to low sample size ( < 5 % of the population) . 

A : Two-locus (Pgi - Got) genotypes. 

Depth SS,SS SF,SS FF,SS SS,SF SF,SF FF,SF SS,FF SF,FF FF,FF 
no 1 2 3 4 5 6 7 8 9 

0-10 cm 1 2 3 1 5 3 0 0 0 
10-20 cm 3 7 7 1 3 4 0 1 4 
20-30 cm 4 5 6 1 4 6 1 2 1 
30-40 cm 0 6 5 1 7 9 0 1 1 
40-50 cm 2 9 6 1 2 4 1 3 2 
50-60 cm 5 9 5 1 3 2 1 1 3 

Total 15 38 32 6 24 28 3 8 Il 
% 8.9 22.2 19.4 3.9 16. 1 17.2 1.7 4.4 6. 1 
G 2, 3, 5, 6 1,5,6 1 1 1, 2, 9 1, 2, 9 1 1 5, 6 

B : One-locus genotypes . 

Pgi Got 

Depth ss SF FF ss SF FF 
no T 2 T - T T 1 

0-10 cm 2 7 6 6 9 0 
10-20 cm 4 Il 15 17 8 5 
20-30 cm 6 Il 13 15 10 5 
30-40 cm 1 14 15 II 17 2 
40-50 cm 4 14 12 17 7 6 
50-60 cm 7 13 10 19 .6 5 

Total 24 70 71 85 57 23 
% 14.5 42.5 43.0 51.5 34.6 13,9 
G ns ns ns 2 1, 3 2 
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more abundant in the lower 30 cm of the water column than in the upper 30 cm, 
the extent to which the animais aggregate in the near-bottom JO cm was genotype
dependent. 

DISCUSSION 

Our results clearly indicate a genotype-dependent daytime vertical distribution 
of Daphnia magna in a shallow pond. Genetic differentiation in vertical distribution 
and migration patterns in Daphnia have been reported before (WEIDER, 1984; 
STIRLING et al., 1990; MÜLLER and SElTZ, 1993). Our" observations show that such 
habitat partitioning may occur in a very shallow system, on a scale of Jess than one 
meter. Previous work on clones isolated from the same pond had already indicated 
significant interclonal differences in phototactic behaviour (DE MEESTER, 199la, 
1991 b). In concordance with these previous results, the present observations 
indicate that genotypes with a preference for a shallow day-depth are absent or rare 
in this population. Indeed, ali genotypes are predominantly found in relatively deep 
water (see Table 2, Figure 1). This may be explained by the fact that this popula tion 
co-occurs with fish (mainly Rutilus rutilus and Gasterosteus aculeatus). So far, we 
have not been able to hatch positively phototactic clones out of ephippia collected 
from the pond (DE MEESTER, pers. obs.). However, positively phototactic clones 
have been obtained in the Iaboratory through selfing clones isola ted from the 
Driehoekvijver (DE MEES TER, 1991 a), indicating that this popula tion has not lost 
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Fig. 1. - T he vertical daytime distribution of Daphnia magna Got genotypes in Driehoek
vijver, 5 Febr uary 1992 : Solid tine : % adults of given genotype observed at different depths, 
when the same number of ani mais is ana lyzed at ali depths (relative di tribution). Broken line: 
estimates adjusted for differences in density of the Daphnia population at different depth 
(estimate of a bsolute distribution). 
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the capacity for an evolutionary change of its daytime distribution, e.g. by becom
ing partly positively phototactic, if the environmental conditions would allow so. 

Our results are based on one vertical profile and a resolution of only two loci. 
The differences in vertical distribution that were observed for genotypes marked by 
their alieles at the Got locus most probably are the result of a linkage disequilibrium 
effect, though a direct effect of Got on phototactic behaviour or a physical linkage 
of the Got locus with loci influencing phototactic behaviour, cannot be excluded. 
Resolution of more loci might reveal more clear-cut vertical distribution patterns, 
as the multi-locus genotypes thus obtained would more closely correspond to true 
single genotypes. 

Irrespective of these limitations, our results indicate that the vertical distribution 
of zooplankton in shallow ponds is not merely random, and that vertical distribu
tion and migration patterns may be genotype-dependent even in such small-scale 
systems. This adds to the confidence that differences in phototactic behaviour 
between D. magna clones isolated from this population, as observed in the 
laboratory (e.g. DE MEESTER, 199la, 199lb), are not merely laboratory artefacts . In 
order to evaluate the full extent of genetic differences in vertical migration patterns 
of Daphnia and other zooplankton in shallow ponds, a more comprehensive study 
is needed, analysing the vertical distribution of genotypes over severa! day-night 
cycles. 
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