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Abstract 

The harpacticoid fauna of a sandy sediment in the Sluice Dock of Ostend, Belgium, was dominated by a 
single species, Canuellaperplexa, that attained an average annual density of over400 ind. 10 cm-2 in 1976 and 
1977, whereas other species had a total mean density of less than 10 ind. 10 cmm2. In the summer of 1979 a 
dystrophic crisis with abundant growth of Ulva occurred and in March 1980 the lagoon was drained. After 
refilling of the lagoon, the sediment was immediately colonized by good swimming harpacticoids, that 
attained densities of 200 ind. 10 cmm2. Three months after refilling Canuella perplexa reappeared and the 
system returned to its original state within one month. 

Introduction 

The importance of perturbations in structuring 
ecological systems has been recognized only recent- 
ly; studies on meiobenthic communities are there- 
fore rare (Coull, 1969; Pequegnat, 1975; Sherman 
& Coull, 1980; Reidenauer & Thistle, 1981). As part 
of a project to develop an ecological model of the 
Sluice Dock in Ostend, Belgium, a survey of the 
benthic fauna was started in 1976. Meiobenthos 
was sampled regularly till 1978. One year later, in 
1979, the lagoon changed dramatically: in a dystro- 
phic crisis a huge Ulva-bed developed and covered 
the total surface of the lagoon. The sediment be- 
came anoxic and the benthic fauna suffocated. In 
March 1980 an additional disturbance occurred: 
because the dikes had to be repaired the lagoon was 
completely drained for one month. We started a 
new sampling program to follow recolonization, 
after the lagoon was refilled, of a sandy sediment on 
its eastern side. This paper deals with the harpacti- 
coid copepods of that sandy sediment and two peri- 
ods are compared: from February 1976 till March 
1978, before the disturbances, and from October 

1979 till January 198 1 just after the Ulva-explosion 
and including the drainage period in March 1980. 

Material and methods 

The Sluice Dock in Ostend, Belgium, is a shallow 
(1.5 m deep) lagoon. Through large sluices it is 
connected with the harbour of Ostend and the 
North Sea and through small sluices with the 
Noord-Eede Channel (see Podamo, 1975, for a 
map). There are no tides in the lagoon. However, 
with irregular intervals the water is drained and the 
lagoon is refilled after one to a few days with the 
harbour water of Ostend, basically North Sea water 
that is heavily polluted with sewage and industrial 
wastes. 

Samples were taken with different intervals not 
exceeding one month from February 1976 till 
March 1978 and from October 1979 till January 
1981, with a corer of 10 cm2 surface (Govaere & 
Thielemans, 1979). Three samples were collected at 
each date. These were fixed with formalin 7%. The 
harpacticoids were sorted on 250 pm and 38 pm 
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sieves and elutriated with Barnett’s trough (1968). 
The material was stained with Rose Bengal 0.1% 
and harpacticoids were picked out under the binoc- 
ular microscope. Individuals were sexed and the 
different copepodite stages were discerned. Bio- 
mass of the different stages was determined by dry- 
ing organisms at ‘110 ‘C during two hours and 
weighing with a Mettler 22 balance. 

At each date water temperature, pH and salinity 
were measured. Grain size distribution was deter- 
mined with the classic method (Buchanan, 1971). 
Diversity was measured with the Shannon-Wiener 
index H’. 

Results 

About 90% of the 8. lo4 m* bottom surface of the 
lagoon consists of muddy sediments with a high silt 
and clay content. The sandy sediment on the east- 
ern side of the lagoon is well sorted, with a median 
grain size of 12 1- 175 pm and almost no silt. Despite 
its small size, this sandy patch is the richest in 
benthic biota (meiofauna as well as macrofauna). 
The grey layer extends to 10 cm depth in winter and 
about 2-3 cm depth in summer, whereas in the 
muddy sediments this layer is only 1 cm or less deep. 
However, with the development of the Ulva-beds 
the oxygenated layer decreased to a few mm and 
disappeared after a few days. 

Water temperature depends strongly on air tem- 
perature. The minima and maxima in 1976 were 
3 ‘C and 24 o C, in 1977 1.7 ‘C and 17.5 o C and in 
1980 -1.5 o C and 21.5 o C. Salinity ranges between 
25%, and 3l%,S. pH normally varies between 7.1 
and 8.6 but in 1980 heavy blooms caused it to 
reach lo! 

The harpacticoid fauna (Table 1) is dominated 
by a single species, Canuellaperplexa T. & A. Scott, 
1893 (Table 2). In 1976 a mean density of440 ind. 10 
cm-2 was recorded (Fig. 1) for this species alone, 
whereas other species were found irregularly and in 
low densities, with an average of only 6 ind. 10 cm-2. 
Diversity is very low (average H’ = 0.08 bits, aver- 
age number of species 2.4). The life-cycle of C. 
perplexa is as follows: gravid females appear in 
March and are found till October (Fig. 1). The first 
copepodites I are found in May, the first new adults 
in July. A second generation is probably produced 
in August-October (our sampling interval was too 
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Table 2. Density (N.10 cm-*) of copepodites (Cop.), gravid fe- 
males(F.ce), females without eggs(F.we), males(M) and total of 
Conuello perplex0 and other species (Others). 

Cop. F.ce F.we M Total Others 

19 Feb. 76 
I I Mar. 76 

1 Apr. 76 
23 Apr. 76 
26 May 76 

9 Jun. 76 
2 Jul. 76 
6 Aug. 76 

20 Aug. 76 
8 Oct. 76 

29 Oct. 76 
18 Nov. 76 

7 Dec. 76 
5 Jan. 77 

19 Jan. 77 
8 Feb. 77 

24 Feb. 77 
7 Apr. 77 

21 Apr. 77 
26 May 77 
16 Jun. 77 
26 Jul. 77 
18 Aug. 77 

7 Sep. 77 
12 Oct. 77 
27 Oct. 77 
30 Nov. 77 
16 Dec. 77 

6 Jan. 78 
8 Feb. 78 
I Mar. 78 
3 Oct. 79 

13 Nov. 79 
24 Jan. 80 
24 Feb. 80 
28 Mar. 80 

4 Apr. 80 
18 Apr. 80 
20 May 80 
28 May 80 
20 Jun. 80 
18 Jul. 80 
20 Aug. 80 

6 Oct. 80 
29 Oct. 80 

1 Dec. 80 
8 Jan. 81 
5 Feb. 81 

10 Mar. 81 
2 Apr. 80 

98 0 149 177 
34 0 42 48 

130 72 132 197 
77 100 18 151 
83 3 I 14 

147 7 I 15 
927 33 29 84 
572 13 54 84 
138 29 39 114 
638 3 49 138 
240 0 62 116 
170 0 50 97 
137 0 71 136 
366 1 113 210 
315 0 160 224 
296 0 I12 174 
193 0 105 174 
203 94 31 190 
100 108 20 191 

7 107 27 137 
81 89 4 110 

373 54 19 121 
313 99 42 266 
104 12 16 52 

15 6 78 102 
77 3 224 255 

0 0 27 28 
23 0 56 51 

3 I 15 10 
70 0 161 185 
18 0 41 31 
0 0 1 I 
0 0 I 0 
I 0 I 1 

0 0 2 2 
0 0 0 0 
0 0 0 1 
0 0 0 1 
I 1 0 0 

5 0 3 4 
368 5 I 5 
101 138 19 120 

87 88 77 173 
74 18 177 186 
81 II 121 105 
38 1 145 145 
44 1 183 187 

5 0 32 16 
20 0 106 85 

9 16 13 26 

424 
124 
531 
346 
101 
170 

1073 
723 
320 
828 
418 
317 
344 
690 
699 
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284 
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201 
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130 

29 
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I 
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Fig. I. Upper part: Total density (N. 10 cm-*) of Canuellaperplexa and all other species. Lower part: Density (N. 10 cm 2) of copepodites 
and gravid females of Canueila perplexa. 

long during that period to detect it), because co- 
pepodites IV and V have increased considerably in 
October. The overwintering population consists of 
older copepodites and adults. 

The average biomass of the population is 1.59 f 
0.25 g dry wt. mm2 with peaks in April and July of 
2.9 g dry wt. m-2. The mean sex-ratio is in favour of 
males (60% of the adult population). 

In 1977 the same pattern is found. The average 
abundance of Canuellaperplexa is 424 ind. 10 cm-* 
(Fig. I), average biomass is 1.96 f 0.28 g dry 
wt. mm2. Other species remain very scarce (4.4 ind. 
10 cm-2) and diversity is even lower than in 1976: 
H’ = 0.05 bits and S = 2.2 per sample. Gravid fe- 
males appear at the end of February and remain till 
the end of October. The first copepodites I are 
found in April and reach a peak in August. A 
second peak in the number of adults is found in 
October. The overwintering population again con- 
sists of copepodites IV and V and adults. 

After the Ulva bloom im summer 1979 the situa- 

tion has changed. In October 1979 Canuellaper- 
plexa has almost disappeared (1 ind. 10 cm-2 on the 
average) and other species have become more im- 
portant. When the lagoon is drained, in March 
1980, copepods are very rare and no Canuella is 
found. After the refilling copepod density steadily 
increases till a maximum of 206 ind. 10 cm-* is 
reached in May. Diversity increases till 2.2 bits and 
the average number of species till 6. In June, Ca- 
nueflaperplexa reinvades the sediment. This colon- 
isation starts with copepodites III and IV, becom- 
ing adult in June - when also the first gravid females 
appear - and mostly in July. A second generation 
appears at the end of the year. During the recoloni- 
sation other species again decrease: diversity drops 
to 0.06 bits and 2.6 species per sample. 

Gravid females of C. perplexa are present till the 
end of October and the sex ratio is in favour of 
females (52%). Annual mean biomass is lower than 
in previous years: 0.78 f 0.28 g dry wt. m-2, but 
during the time C. perplexa is present it has a mean 



biomass comparable to that found in 1976 and 
1977: 1.68 f 0.33 g dry wt. mm*. 

Discussion 

The Sluice Dock in Ostend has always been a 
highly productive ecosystem (Polk & Burd, 1965) 
and was used formerly for culturing oysters (Ostrea 
edulis). During the sixties the oyster culture started 
to decline: settlement failed and only young oyster 
spat could grow onto consummable size. This was 
attributed to the presence of petroleum products in 
the sediments (Benijts & Versichele, 1975) and one 
of the aims of the original project started in 1976 
was to investigate whether the benthic biota showed 
effects of a possible intoxication. Such an effect 
could not be demonstrated, however; although the 
sediments contained very large amounts of nitrogen 
and phosphorus, only detergents could be found in 
such quantities that an effect on the oyster larvae 
may have been possible (Thielemans et al., 1979). 
Species composition, abundance and biomass of 
benthos in the Sluice Dock is in general terms sim- 
ilar to what is found in comparable habitats: as an 
example, in May 1979, before the Ulva-bloom, 
nearly 12 000 macrobenthic specimens per m* were 
found, among which 5 000 Spionid polychaetes, 
3 000 Capitella capitata and 1 700 Hydrobia ulvae 
and Cerastoderma glaucum (Thielemans et al., 
1980). 

The extreme dominance of Canuella perplexa 
and its high abundance are nevertheless exceptional 
when a comparison with other areas is made(Table 
3). Only in Lake Grevelingen, a stagnant salt water 
lake, densities in medium sands are comparable, 
though still six times lower. This lake resulted from 
damming the former Grevelingen estuary and was 

131 

further stressed by stratification and anoxic condi- 
tions (Willems et al., in press). A situation similar to 
the Sluice Dock exists in the small fish ponds of the 
Arcachon Bassin studied by Caste1 & Lasserre 
(1977); although these ponds are without tides and 
are drained irregularly as well, densities of C. per- 
plexa are only 1 000 to 5 000 ind. m-*. In these 
ponds, as well as in the Dievengat, large amounts of 
detritus are present and in Lake Grevelingen densi- 
ties in silty sands are much lower than in clean 
sands. 

Whether the dominance of Canuellaperplexa in 
the Sluice Dock is a recent phenomenon is not 
known. Harpacticoids in this habitat have been 
studied by Leloup & Polk (1967) and several 
workers since (Hauspie & Polk, 1973; Bergmans, 
1979; Vincx & Heip, 1979; Tackx& Polk, 1982) but 
no real benthic samples were taken prior to 1976. 
Draining of the Sluice Dock is probably not the 
direct cause of the observed low diversity. In an 
experiment in which water was removed from five 
cores of Sluice Dock sediment, healthy individuals 
of Canuella perplexa, Mesochra pygmaea, Hetero- 
laophonte strbmi, Ectinosoma melaniceps and 
Tisbe sp. were found in all cores after four days, 
together with nematodes, turbellarians, ciliates and 
polychaetes. However, Canuellaperplexa is a deep 
burrowing species (until 4 cm in the sediment) and 
may be more protected against flushing than epi- 
benthic species. On the other hand, these species 
may be reintroduced with the harbour water. The 
nearby sediments of the North Sea contain a Halec- 
tinosoma herdmani - Microarthridion littorale 
community (Govaere et al., 1980) and both species 
occur in the Sluice Dock as well. Halectinosoma 
herdmani is uncommon. Microarthridion littorale 
is only found during the first months of the year and 
disappears afterwards from the sandy sediments. It 

Table 3. Annual mean density of Canueflu perplefia in different water bodies in adjacent areas. 

Area N . m-2 Salinity Temperature References 

Eems-Dollard (The Netherlands) 
Lake Grevelingen (The Netherlands) 

Eastern Scheldt (The Netherlands) 
Western Scheldt (The Netherlands) 
Dievengat (Belgium) 
North Sea, coastal waters (Belgium) 
Sluice Dock (Belgium) 

5000 
14000 

75000 

300 
60 

31000 
2000 

400000 

27-3 1 1 -22 
25 0 -22 

29-3 I I.552 I 
24-32 0.2-19 

8-40 0.4-30 
30-33 5 -18 
25-32 1 -24 

Fine sand 
Medium sand 
Fine sand 
Sand 
Sand 
Muddy sand 
Muddy sand 
Fine sand 

Vaeremans (1977) 
Willems (pers. commun.) 

Willems (pers. commun.) 
Van Damme er al. (198 I) 
Heip (1980) 

This paper 
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probably migrates to the muds in the deeper parts 
of the lagoon. Also this species is reproductively 
active in the winter months, when reproduction of 
C. perplexa ceases, 

Another source of harpacticoids may be the oys- 
ter spat that is imported from France and The 
Netherlands and some species recorded by Leloup 
& Polk (1967) seem indeed to have been introduced 
in this way. However, these importations were 
stopped in the late seventies and no species present 
now is unexpected. 

Competition between Canuella perplexa and 
other harpacticoids may be inferred from the patt- 
ern of recolonisation in 1980. In March 1980 the 
lagoon was dry for almost one month and the sedi- 
ments were reinvaded by copepods immediately 
after refilling. A sample taken on March 28, only a 
few hours after the sandy sediment was submerged, 
already contained three species of harpacticoids: 
Ectinosoma melaniceps, Mesochra pygmaea and 
Tisbe sp. These are epibenthic forms and good 
swimmers. Slowly other species appeared, until 
Canuella perplexa made its entry in May. The 
source of this colonisation may be the deepest parts 
of the lagoon, which were never completely drained, 
or the harbour water. In these months the other 
harpacticoids attained the highest densities ever re- 
corded during the investigation, but after reinva- 
sion by C. perplexa their density and diversity 
dropped to the same low level as before. A similar 
situation has been reported from beaches in Britan- 
ny, France, oiled by the Amoco Cadiz spill in 
March 1978. After pollution Canuella perplexa 
seemed to compete with Asellopsis intermedia and 
became dominant in 1980, reaching densities as 
high as 400 ind. 10 cm-* (Bodin & Boucher, 1983), 
nearly the same as found in the Sluice Dock. Nor- 
mally on beaches C. perplexa is most abundant in 
the infralittoral zone, though it is found in low 
numbers till MTL(Noodt, 1952; Moore, 1979). The 
fact that in estuaries C. perplexa is not found below 
24-25%,S though it is a holeuryhaline species may 
also be interpreted as a consequence of competi- 
tion. 

The resilience of this system, measured as its 
return time to the original state after perturbation, 
is in the order of three months. The resilience of 
meiofauna has been studied by different authors in 
different situations, and results are conflicting. Pe- 
quegnat (1975) reports recovery times of 7 years, 

Coull(1969) of several months, while Sherman & 
Coull(l980) and Thistle (1980) indicate 12 and 23 
hours respectively. However, apart from Pequeg- 
nat’s figure, these differences may be explained by 
the different situations. In our study, the exact 
moment of the perturbation, in March, is of great 
importance as it just precedes the first reproductive 
period in the normal life cycle of C. perplexa. Co- 
lonisation has to come from elsewhere. As C. per- 
plexa has planktonic nauplii it should be a good 
coloniser but as development is much slower in this 
species than in its competitors, the first species to 
arrive were adults of good swimming other species. 
The huge influx of copepodites at the end of May 
corresponds with the normal time for a population 
reproducing at the normal moment but elsewhere. 
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