
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 15 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Chemistry and Ecology
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713455114

A 4-Years' Analysis of the Meiofauna Community of A Dumping Site for
Tio2-Waste Off the Dutch Coast
N. Smola; R. Huysa; M. Vincxa

a Institute of Zoology, Marine Biology Section, Gent, Belgium

To cite this Article Smol, N. , Huys, R. and Vincx, M.(1991) 'A 4-Years' Analysis of the Meiofauna Community of A
Dumping Site for Tio2-Waste Off the Dutch Coast', Chemistry and Ecology, 5: 4, 197 — 215
To link to this Article: DOI: 10.1080/02757549108035250
URL: http://dx.doi.org/10.1080/02757549108035250

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713455114
http://dx.doi.org/10.1080/02757549108035250
http://www.informaworld.com/terms-and-conditions-of-access.pdf


Chemistry and Ecology, 1991, Vol. 5 ,  pp. 197-215 0 1991 Gordon and Breach Science Publishers S.A. 
Reprints available directly from the publisher. Printed in Singapore 
Photocopying permitted by license only 

A 4-YEARS' ANALYSIS OF THE MEIOFAUNA 
COMMUNITY OF A DUMPING SITE FOR Ti02- 

WASTE OFF THE DUTCH COAST 

N. SMOL, R. HUYS and M. VINCX 

Institute of Zoology, Marine Biology Section, K .  L.  Ledeganckstraat, 35, B-9000 
Gent, Belgium 

(24 January 1991) 

Sublittoral meiofauna of 24 stations was monitored over 4 years (1984-1987) in and around a dumping 
site for Ti0,-acid waste in the Southern Bight of the North Sea off the Dutch coast. 

The meiofauna was examined quantitatively and qualitatively with special reference to the 
nematode and the copepod community structure down to species level and to the trophic structure of 
the nematodes. 

Biological, sedimentological, geographical parameters and the concentration of several heavy 
metals were subject to univariate and multivariate statistical analysis and classification techniques to 
evaluate the impact of the Ti0,-dumping activities. 

The meiofauna is dominated by nematodes, copepods, gastrotrichs and turbellarians. There is a 
difference of 4% between the nematodes and the copepods: the dumping area being characterised by 
76% abundance of nematodes and 12% copepods in comparison with 72% nematodes and 16% 
copepods in the reference area. The meiofauna community, and the nematode and copepod 
communities in particular, are very diverse in this area. The diversity of the copepod community, 
described by a k-dominance curve, is distinctly lower in the dumping area than in the reference area. 

For several structural community parameters (such as density, diversity, biomass, trophic structure) 
opposite relationships are found between the years of investigation. 

Higher amounts of silt and the concentrations of 8 contaminants in the sediment had a reducing 
influence on the diversity of the nematodes, while higher amounts of gravel had a reducing effect on 
the diversity of the copepods. The diversity of the latter was positively correlated with the density of 
the copepod community and with the diversity of the nematodes. 

KEY WORDS Meiofauna, Nematoda, Copepoda, dumping, Ti0,-acid waste, North Sea 

INTRODUCTION 

Monitoring of the meiofauna community at a dumping site for Ti0,-acid waste 
started in 1984 and is examined on a yearly basis until dumping at the Dutch 
grounds is discontinued (end 1989). 

Discharges of Ti0,-acid waste take place daily in a restricted area 20 miles off 
the coast near "Hoek van Holland" (Figure 1). The area is characterised by 
depths ranging between 28 m and 45 m. The discharge area is restricted within 
four coordinates: A: 52'27'30" NL, 3'07'30 EL; B: 52'15'00" NL, 3'45'00" EL; C: 
52'08'00" NL, 3'35'30" EL; D: 52'16'00" NL, 2'59'00'' EL. 

The design of the monitoring programme is described by Spaans (1987) and 
Bos (in press). 
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Figure 1 Location of the TiO,, dumping area (ABCD) and the sampling stations. 

53' 

52' 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
4
:
3
1
 
1
5
 
J
a
n
u
a
r
y
 
2
0
1
1



MEIOFAUNA OF TiO, WASTE SITE 199 

The meiobenthos is examined quantitatively and qualitatively on the basis of 
two samples per station each year taken in early summer (June-July). The 
community structure of the two dominant taxa, nematodes and copepods, is 
analysed down to species level and the trophic structure of the nematodes in 1986 
and 1987 was determined. 

Biological, sedimentological, geographical parameters and the concentration of 
several heavy metals in the sediment are subject to univariate and multivariate 
statistical analysis and classification techniques to assess the impact of the 
Ti0,-acid waste discharges. 

Meiofauna taxa are known to be sensitive indicators of environmental 
perturbations. Community characteristics such as abundance, relatively stationary 
life habit, short generation time, benthic larvae, intimate association with 
sediments, and the ease of sampling, make them more suitable as pollution 
indicators than macrofauna. 

Most pollution studies, however, focus on the impact of organic sewage. 
Information about relationships with inorganic heavy metals are scarce, especially 
in off-shore regions. 

This paper presents a summary of the results of several reports (Huys et a f . ,  
1984; Smol et a f . ,  1986; Smol et al., 1989). 

MATERIALS AND METHODS 

Study Area: Figure 1 

A total of 24 stations has been sampled for meiobenthos; 13 stations are within 
the dumping area ABCD (Figure 1). The number of stations in the reference area 
has changed: 4 in 1985, 10 in 1985, 11 in 1986 and 10 in 1987. 

At the start (1984), 19 stations were sampled (stations 1 to 19), stations 1 to 16 
being within or close to the dumping area, and stations 17, 18 and 19, designated 
as reference stations, situated outside the dumping area. 

From 1985, stations 20 to 26 (south-west of the discharge area) were added to 
increase the number of reference stations and stations 18 and 19 were eliminated 
as inappropriate (they are too much influenced by coastal activities). In 1988, 4 
additional reference stations (88-4, 88-5, 88-6, 88-7) situated further west, were 
chosen, taking into account a possible influence from the dumping areas located 
on the Belgian Continental Shelf. 

All stations are sampled each year within a three day period at the end of June 
or the beginning of July. Sediment at each station was sampled with a Reineck 
box-core, from which five replicate 10cm2 hand-held core samples of sediment 
were taken to a depth of at least 15cm. Two replicates were analysed for 
meiofauna and one for grain size analysis, the others served as reserve. 

Sediment Analysis 

Sediment grain sizes are analysed according to the dry-sieve method using a set of 
sieves suited to the intervals of the Wentworth scale. 
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Faunal Analysis 

Meiofauna was extracted by a combination of decantation through a 38 pm sieve 
and the Ludox centrifugation technique (Heip et al., 1985). After staining with 
rose bengal, meiofauna was counted to major taxon level (the archiannelids are 
included within the polychaetes). 

For the samples whose fauna was identified to species level, 200 (randomly 
chosen) nematodes and all of the copepods were picked out and mounted on 
slides for identification. 

Functional grouping of the nematodes into feeding guilds was deduced from the 
structure of the buccal cavity according to Wieser (1953): 1A being selective 
deposit feeders (bacterivores) , 1B non-selective deposit feeders (bacterivores) , 
2A epistratum (diatom) feeders, 2B predators/omnivores. The trophic diversity 
of the nematodes is expressed in a trophic index O =  &02; 0 reflecting the 
percentage of each feeding type (Heip et al., 1984). 

Biomass Analysis 

Dry weights of nematodes were determined using a Mettler microbalance after 
drying in a desiccator for 2 h at 110°C. Dry weights of copepods are calculated by 
applying an estimated dry weight value to the males, females and juvenile classes 
for each species. The species are previously divided into biomass classes 
depending on their body shape and length (Herman et al., 1985). 

Diversity Analysis 

Diversity is calculated as Brillouin’s index (Brillouin, 1962). The k-dominance 
curve, proposed by Lambshead et al. (1983) is used to detect differences among 
the assemblages within and outside the dumping area. 

Chemical Analysis 

A chemical analysis of the sediment of 17 stations (stations 1 to 17) was 
undertaken during the survey. The analysis included Fe, Ti, Cr, V, Sr, Ba, Pb, 
Cd, Co, Mn, Sn, Zn, Cu and Ni. The results are tabulated in the reports of Anten 
(1985, 1987a, 1987b). 

Statistical Analysis 

A one-way ANOVA, checked with ‘a posteriori’ comparisons, using a pooled 
mean square within sites (Sokal & Rohlf 1981) was used to detect differences 
between stations in abundance, biomass and diversity of the communities. A 
two-level nested ANOVA was used to detect differences between all stations 
within the discharge area and all reference stations outside the discharge area. 
These stations were (see Figure 1): 

Dumping area: stations 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11. 
Reference area: stations 12, 13, 14, 17, 20, 21, 22, 23, 24, 25, 26. 
Stations 15 and 16, situated at the border of the discharge area, were 

eliminated from statistical analysis. 
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The same data were also subjected to the non-parametric Kruskall-Wallis test 

Correlations between abiotic and biotic parameters were analysed by 

TWINSPAN classification techniques (Hill, 1979) were applied to the meio- 

(Siegel, 1956). 

Spearman-rank correlation coefficients (Siegei, 1956). 

fauna (sensu strzcto), the nematode and copepod data. 

RESULTS 

Sediment Characteristics 

Sedimentological data have been presented as mean values of 6 years (1984- 
1989) and include the data of stations 88-4, 88-5, 88-6, 88-7. 

Sediment analysis for each station over 6 years (Figure 2) shows that all the 
area during the period 1984-1989 is characterized by a well, to moderately well, 
sorted (0.35 > > 0.50) medium (250 pm > grain size > 500 pm) clean sand 
(>90% sand) (Table 1). 

Higher variation (SE) for the stations 9 (silt) and 15 (gravel) (Figure 2) are due 
to a bias of sampling in 1985: station 9 contains 13.4% silt and 8.7% gravel; 
station 15: 9.5% silt and 21.4% gravel. The sea-bed consists of sand ridges 
alternating with steep depressions extending from the Bruine Bank south of the 
Belgian coast to the north of the dumping area. In the depressions, small patches 
of silt may occur; station 24 is unusual for its median grain size and degree of 
sorting, due to exceptional high values found in 1985: a grain size of 643 pm and a 
degree of sorting of $J = 0.727. 

The mean values for the stations situated within the dumping area and of those 
of the reference area are compared in Table 1 and in Figure 3; little difference is 
found in the fractions of sand, silt and gravel. The median grain size and the 
degree of sorting are somewhat higher for samples in the reference area but the 
differences between the mean values for the dumping area and the reference area 
are statistically insignificant. 

The Meiofauna 

A total of 20 meiofauna taxa (including macrofaunal juveniles) was found during 
the survey: Nematoda, Copepoda, Turbellaria, Gastrotricha, Tardigrada, Hala- 
carida, Hydrozoa, Polychaeta, Oligochaeta, Ostracoda, Kinorhyncha, Rotifera, 
Scyphozoa, Entoprocta, Amphipoda, Isopoda, Tanaidacea, Cumacea, Bivalvia 
and Echinodermata. The nauplii larvae of the copepods were also enumerated. 
Kinorhyncha, Rotifera and Entoprocta were rare. 

The meiofauna of the whole area was dominated by nematodes (74%), 
followed by copepods (13%), gastrotrichs (5%) and turbellarians (4%). These 
four taxa were present at all stations. The mean density of the common 
meiofauna taxa over the 4 years are shown in Table 1. 

The absolute density values for the whole area are similar each year and are 
comparable to values for the period 1970-1975 and with data for analogous 
sublittoral sediments in the literature. 
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Figsrr 2 Sediment characteristics: mean values and standard errors over 6 years per station (84, 85, 
86, 87 = respectively the stations 88-4, 88-5, 88-6, 88-7 shown in Figure 1) .  

Density pattern over 4 years (Figure 4) shows no striking difference between 
the density of stations within the discharge area (stations 1 to 11) and reference 
stations (stations 12, 13, 14 and 20 to 26), although numbers were higher in 1985, 
1986 and 1987. Lower numbers in 1984 were possibly due to lack of data for 
stations 20 to 26. 

Comparison of the samples from the dumping area and the reference area 
(Table 1 and Figure 5) shows little change in the relative composition of the 
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Table 1 Sediment and meiofauna characteristics: mean values over 6 (sediment) and 4 years 
(meiofauna) 

X 

I 
s. e 

D 
X s. e X 

% sand 
% silt 
% gravel 
median grain size (mm) 
degree of sorting (g) 
density Meiofauna (ind./lO cm’) 
density Nematoda (ind./lO cm’) 
density Copepcda (ind./lO cm’) 
density Gastrotricha (ind./lO cm’) 
density Turbellaria (ind./lO cm’) 

% Nematoda 
% Copepoda 
% Gastrotricha 
% Turbellaria 

N/C-ratio 

97.3 
1.9 
0.8 
0.303 
0.361 

1328 
996 
175 
67 
56 

74.4 
13.4 
5.3 
4.2 

5.1 

97.6 (0.4) 
1.9 (0.2) 

0.286 (0.003) 
0.345 (0.008) 

0.5 (0.2) 

1224 (77) 
931 (126) 
147 (20) 
fd (9) 
57 (8) 

75.8 (1.8) 
12.3 (1.5) 
5.2 (0.6) 
4.4 (0.5) 

6.3 (5.4) 

96.6 
1.7 
0.7 
0.321 
0.384 

1408 
1038 
208 
66 
55 

72.0 
15.5 
5.3 
4.2 

4.9 

I = Whole investigated area. D = dumping area, R =reference area, N = nematodes, C = copepods. 

R mm /9 
100 

80 

60 

40 

20 

0 
sand silt gravel grain size sorting 

Dumping areu Reference ureu 

0.5 

0.4 

0.3 

0.2 

0.1 

0 

mean values over 6 years (1984 - 1989) 

Figure 3 Sediment characteristics: comparison between the dumping area and the reference area 
(mean value over 6 years). 
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Figure 4 Density of the meiofauna over 4 years at each station. 

meiofauna (based on the mean values over 4 years). There is a difference of 4% 
between nematodes and copepods: the dumping area being characterized by 76% 
occurrence of nematodes and 12% of copepods instead of respectively 72% and 
16% in the reference area. 

For the meiofauna as a whole and for the dominant taxa, the mean density in 
reference stations is higher than that in stations situated within the dumping area 
(Figure 6), but the differences are statistically not significant (p = 0.05). Log 
transformations of the data did not reveal any significance. 

Comparison of the mean percentage abundance of the 4 dominant taxa 

Nernatodu 72% Nemafoda 76. 

fher tuxa 3% 
asfrofricha 5% 
rbellaria 4% 

Ofher fax0 3% 

Copepoda 12% Copepoda 16% 

DUMPING AREA REFERENCE AREA 
mean values over 4 years 

Figure 5 Percentage composition of the meiofauna. 
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Fwre 6 Comparison of the density of the dominant meiofauna taxa between the dumping and the 
reference area. 

(nematodes, copepods, gastrotrichs and turbellarians) within the dumping area 
with other off-shore areas (with analogous sediment) in the vicinity, shows that 
nematodes are more abundant in the Ti0,-dumping area than in stations situated 
to the south on the Belgian Continental Shelf and stations situated more to the 
north on the Dutch Continental Shelf (Milzon) (Figure 7). This may nevertheless 
indicate an influence of pollution as nematodes are known to be a most resistant 
taxon. The data of the Belgian stations and Milzon are reported by Vanden- 
berghe (1987) and Groenewold & van Scheppingen (1988), respectively. 

The nematode/copepod ratio, presented by Raffaelli & Mason (1981) as a 
possible indicator of pollution, showed large variation (0.8 to 215) between 
stations and time. The mean values for the dumping and the reference area are 
presented by year in Figure 8. The N/C-ratio is consistently greater within 
the dumping area, although the difference is not significant (Table 2). For 
the period 1984-1987 the overall mean ratio N / C  = 16.1 for the whole area, 
with values 20.0 and 12.5 for the dumping and the reference area respectively. 

The meiofauna group diversity (Brillouin, 1962) was higher each year in the 
reference area, but the difference with the dumping area was not significant 
(Table 2). 

TWINSPAN classification based on the abundances of meiofauna taxa and on 
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Nematoda Copepoda Turbellaria Castrotricha 

Figure 7 Comparison of the mean percentage of the dominant taxa with other off-shore locations 
(Belgian stations = stations situated to the south of the TiO, dumping site on the Belgian Continental 
Shelf, investigated by Vandenberghe (1987). Milzon =stations situated to the north of the TiO, 
dumping site on the Dutch Continental Shelf, investigated by Groenewold and van Scheppingen 
( 1988)). 

40 

30 

20 

10 

0 
1984 1985 1986 1987 

whole area dumping area reference area 
Figure 8 The N/C-ratio over 4 years compared between the dumping and the reference area. 
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the absence or presence of taxa did not result in any geographical or temporal 
grouping indicating an effect of the dumping. 

Nematoda 
A total of 327 species were found during the survey. 

The nematode community is dominated by members of the families Chroma- 
doridae, Desmodoridae, Microlaimidae and Cyatholaimidae. The ten most 
common species are Karkinochromadora lorenzeni, Dichromadora cucullata, 
Chromaspirina parapontica, Chromaspirina pellita, Neochromadora munita, Lep- 
tonemella granulosa, Microlaimus marinus, Paracanthonchus thaumasius, Para- 
cyatholaimus pentodon, Desmodora schulzii. 

The nematode community for each station is characterized as very diverse; the 
community has a Brillouin index (H) of 4.2 bits/ind. According to this scale, the 
nematode community was significantly more diverse within the dumping area 
than outside it in 1986, but in 1987 an opposite trend was manifested (Table 2). 

When the data of stations situated within the dumping area are combined and 
similarly the data of reference stations are combined, the k-dominance curve 
for the 2 areas shows that the nematode communities of both areas were 
indistinguishable from each other (Figure 9). 

Table 2 Comparison of mean values (ANOVA) 

1984 1985 1986 1987 
D R D R D R D R  

DENSITY Meiofauna 
N e m a t o d a 
Copepoda 

NIC-ratio 
DIVERSITY ( H )  

Meiofauna 
Nematoda 
Cope p o d a 

BIOMASS Nematoda (I) 
Nematoda (T) 
Copepoda (1) 
Copepoda (T) 

NEMATODA 
% sel. dep. feeders 
% non sel. dep. f .  
% epistratum f. 
% pred./omniv. 
diversity within 1A 
diversity within 1B 
diversity within 2A 
diversity within 2B 
trophic index 

b 4 4 4 , 4 4 4 
4 4 4 4 
b b 4 , 
4 4 =  4 

*, 4 
b 4 
b , , 
4 4 
4 4 

- - 

D = Dumping area, R = reference area. N = nematodes. C = wpepcds. H = 
Brillouin-index, I = individual biomass. T = total biomass. =significant (0.05 level), 
4 =higher value in reference area. b =lower value in reference area. = no difference 
between reference and dumping areas. 
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The nematode community is dominated by epistratum feeders (2A: 52%); the 
predators/omnivores (2B) and non-selective deposit feeders (1B) rank second 
and third, respectively about 19% and 17%; the selective deposit feeders (1A) 
take up the rest of 12%. The trophic index 0 = 0.38. 

Comparison of the trophic characteristics of the dumping and the reference 
area is given in Table 2. A consistent pattern was found in 1986 and 
1987; the percentage of selective deposit feeders (1A) and of epistratum 
feeders (2A) was higher in the reference area, and the percentage of non- 
selective deposit feeders (1B) lower. The percentage of predators/omnivores 
(2B) was higher in the dumping area in 1986 and equal to the reference area 
in 1987. 

Diversity within each feeding type and the trophic index show opposite trends 
in 1986 and 1987. The mean value of diversity within the group of selective 
deposit feeders and the group of epistratum feeders was significantly different 
between both areas in 1986, but this relationship was not repeated in the 
following year. 

The mean individual biomass of a nematode was 0.37pg dwt. in 1986 and 
0.46 pg dwt. in 1987. Taking into account the population density, total biomass 
was 0.33mg in 1986 and 0.49mg dwt. in 1987. No significant difference was 
observed between the dumping and the reference area (Table 2). 

A TWINSPAN analysis of the abundance of the species showed no separation 
between the two areas for the nematode community. 

Copepoda 
A total of 77 copepod species were found during the survey, more than 99% 
belonging to the harpacticoids. 

The community is characterised quantitatively and qualitatively by the families 
Cylindropsyllidae and Paramesochridae (mainly considered as epistratum feeders, 
cf. 2A-type of nematodes). The ten most common species are: Kliopsyllus sp. 1, 
K .  paraholsaticus, Paraleptastacus espinulatus, Leptastacus laticaudatus, Areno- 
setella tenuissima, A. germanica, Evansula pygmaea, Scottopsyllus sp. 2, 
Harpacticus tenellus, Paramesochra helgolandica. 

The copepod community is very diverse in the area: H=2.7bits/ind. Com- 
parison between the mean diversity of stations within the dumping area and that 
of reference stations did not show any significant difference between the two 
(Table 2) and even showed opposite trends between 1986 and 1987. 

The combined species composition at all stations within the dumping area and 
at all reference stations were also plotted as a k-dominance curve. This showed a 
more diverse community outside the dumping area than within (Figure 9). 

The mean individual biomass of a copepod in that area is 0.15 pg dwt. and the 
total biomass of the copepod community has a mean value of 29.8 pg in 1986 and 
25.0 pg in 1987. Both biomass characteristics (individual and total) are higher in 
the reference area, but the differences are statistically not significant (Table 2). 

Correlations between Biotic and A biotic Parameters 
The parameters analysed by Spearman-rank correlation coefficients are given in 
Table 3 and the results of the various correlations are summarised in Table 4. 

TWINSPAN analysis, however, showed no separation of the two areas. 
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Table 3 Parameters analysed by Spearman-rank correlation 
coefficients 

~ ~ ~~ 

Biolonical parameters: 

. 
density of the meiofauna 

nematodes 
copepods 

biomass of the nematodes and copepods 
diversity of the nematodes and copepods 
nematode/copepod ratio 
parameters of the trophic structure of the nematodes 

Yo IA, Yo lB,  Yo 2A, Yo 2B 
1A/2A, 1B/2A, 1A/2B, IB/2B, 1A+ 1B/2A+2B 
trophic index 

Sediment characteristics: 
median grain sue 
%sand 
% silt 
% gravel 

Geographic position: latitude, longitude, depth 
Concentration of contaminants: Fe, Ti, Cr, V,  Sr, Ba, Pb 

Cd, Co, Mn, Sn, Zn, Cu, Ni 

The density of the meiofauna as a whole and of the nematodes was positively 
correlated with the percent silt and the concentration of 11 heavy metals (Fe, Ti, 
Cr, V, Pb, Cd, Co, Sn, Zn, Cu and Ni) in the sediment and negatively with the 
percent sand and the geographic latitudinal position. 

The density of copepods is greater with greater median grain size, greater 
diversity of the copepods and in association with a latitudinal position. No 
significant correlation exists between the density of the copepods and the levels of 
associated contaminants. 

Higher amounts of silt and of 8 contaminants (Fe, Cr, Pb, Cd, Co, Zn, Sn and 
Ni) of the sediment had a significant reduced influence on the diversity of the 
nematodes, and higher percent gravel had a significant negative effect on the 
diversity of the copepods. The diversity of the latter was positively correlated 
with its population density and with the diversity of nematodes. 

The nematode/copepod-ratio of the whole area was higher with greater percent 
silt and higher concentrations of 7 heavy metals (Fe, Ti, V, Ba, Cd, Co and Ni) 
and with lower percent sand and median grain size. 

Although the sediment granulometry of the investigated area is homogeneous 
in general terms, a positive correlation was found between the percent sand and 
the northerly position of stations and between the percent gravel and the easterly 
position of stations. Median grain size was greater in the southerly direction. 
Spearman rank-correlation analysis indicated a north-south and an east-west 
gradient of sediment, and the analysis was repeated with the stations grouped into 
rows as follows: row A: stations 6, 10, 14,23 and 22; row B: stations 1, 2, 3, 4, 13 
and 24; row C: stations 20, 21, 23, 25 and 26; row D: stations 8, 9, 10, 4, 11 and 
16 to detect which parameters were correlated with geographic position. This 
showed a positive correlation (p = 0.036) between the diversity of copepods and 
the easterly stations of row C and a positive correlation (p = 0.028) between the 
biomass of nematodes and the easterly stations of row D. Thus, in the case of 
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Table 4 Significant correlations between biotic and abiotic parameters 

+ 
k sand 

% silt 

% gravel 

median grain size 

density meiofauna 

density nematodes 

density copepods 

diversity nematodes 

diversity copepods 

NIC-ratio 

position north 
diversity nematodes 

density meiofauna 
density nematodes 
NIC-ratio 
all heavy metals 
trophic index nematodes 

density copepods 
trophic index nematodes 

YO silt 
11 heavy metals 

% silt 
11 heavy metals 
median grain size 
diversity copepods 
biomass nematodes 
% sand 
diversity copepods 
biomass nematodes 

density copepods 
diversity nematodes 
biomass nematodes 
% silt 
7 heavy metals 

density meiofauna 
density nematodes 
NIC-ratio 
12 heavy metals 
diversity nematodes 

diversity nematodes 
diversity copepods 
biomass nematodes 
position east 
1B/2A 
position north 
NIC-ratio 
10 heavy metals 
% sand 
position north 
diversity nematodes 
% sand 
position north 
position north 

% silt 
YO gravel 
position east 
trophic index nematodes 
8 heavy metals 
% gravel 
N/C-ratio 

% sand 
median grain size 
biomass nematodes 
diversity copepods 

211 

these two rows, there is some response (diversity of copepods and biomass of 
nematodes) to the gradient of the gravel fraction of the sediment. 

The greater concentration of trace metal contaminants in northerly sites reflects 
the route of the residual northerly current. 

DISCUSSION 

Although some stations (stations 9, 15 and 24) show a higher variance for certain 
sediment characteristics than others, mean values over 6 years are still within the 
defined ranges to characterize the sediment of the investigated area as a well, to 
moderately well, sorted medium clean sand. On the basis of these characteristics, 
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the sediment of the region is homogeneous, a condition considered paramount for 
estimating the impact of pollution in and outside the dumping area. 

The density of the meiofauna as a whole and the dominant groups showed 
temporal and spatial fluctuations which may be due to the aggregated pattern of 
the groups. 

With the exception of 1984, the mean density of the groups tends to be lower in 
the dumping area, but the differences are not significant. This supports the view 
that pollution has no great impact on density (Heip et al., 1985). The density of 
the dominant nematodes does not decrease after contamination with hydrocar- 
bons, especially in sublittoral sands (Elmgren et al., 1980; Elmgren et al., 1983; 
Boucher, 1980). Neither does raw domestic sewage seem to have an impact on 
the density and distribution of sublittoral meiofauna (VidakoviE, 1983). The field 
studies of Lorenzen (1974) and Tietjen (1977) showed that the nematode 
abundance was not affected by heavy metal contamination. 

More remarkable seems to be the mean higher percentage of nematodes in the 
dumping area than in the reference area (although the difference is not 
significant). This difference is even more evident if compared with other off-shore 
locations (Figure 7). A dominance of 90% of nematodes was found in studies 
undertaken by Renaud-Mornant et al. (1981) and Heip ef al. (1984). The higher 
percentage of nematodes within the Ti02-dumping area is totally compensated by 
a lower percentage of copepods, supporting the hypothesis that copepods are 
more sensitive to environmental stress than nematodes. 

The mean nematode/copepod-ratio is higher every year in the dumping area, 
but statistically not significant and values showed wide fluctuations. The mean 
observed ratio of 20.0 for the dumping area as well as the value of 12.5 for the 
reference area are both beyond the value of >10 for pollution of sand as found by 
Warwick (1981), taken to indicate that the total area has to be considered as 
polluted. We conclude that there are still too few data for each specific habitat 
and type of pollution to reach such broad generalizations. 

The whole meiofauna community as well as the nematode and copepod 
communities are classified as very diverse and are comparable to those of 
sandbanks (Willems ef  al., 1982). A general trend that diversity tends to decrease 
due to heavy metal pollution was indicated during the four years for the 
meiofauna community (measured by the Brillouin index), but this trend could not 
be confirmed statistically. However, the diversity of the nematode and the 
copepod communities showed opposite trends in 1986 and 1987. A more reliable 
result was obtained by describing the diversity by a k-dominance curve as 
proposed by Lambshead et al. (1983). Using this method a clear distinction 
between the two areas could be made with the copepod community being less 
diverse in the dumping area. 

On the basis of the nematode and the copepod communities as presented by 
their k-dominance curves, the copepods are more affected by the dumping 
activities. Nematodes as well as copepods are dominated by epistratum feeders, 
so that they may be in competition for food. Decrease in abundance and diversity 
of copepods may enable some nematodes to invade the niches of copepods, which 
benefits the high diversity of nematodes. 

The trophic index of the nematodes was not a good indication of the influence 
of pollution as found by Heip et al. (1984). The decrease of the trophic index will 
only become obvious if different habitats (such as silt and sand) are compared. 
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Analysis of the trophic structure of the nematode community results in 
inconsistent findings: even when statistically significant, differences were observed 
in only one year, as is the case for the species diversity within each feeding type. 

The density of nematodes and consequently of the meiofauna as a whole is 
significantly and positively correlated with the percentage of silt and the 
concentration of most trace metal contaminants in the sediment. The lower 
diversity of nematodes, is significantly correlated with higher concentrations of 8 
different heavy metal contaminants and the amount of silt. Similar observations 
were found by Tietjen (1980) and Heip et al. (1984). 

This study advocates the need for long-term monitoring of biological com- 
munities in relation to contaminant exposure, as we have found contradictory 
results in consequent years. Results based on one particular year might lead to 
incorrect conclusions, favouring or disfavouring discharges or dumping activity. 

After 4 years of monitoring, no major effects of the dumping on the density 
and diversity of the meiofauna could be proven. If we do go down to species 
level, differences among the copepod assemblages within and outside the 
dumping area could be detected, the copepod community within the dumping 
area being less diverse (comparison of the k-dominance species diversity curves). 
We conclude that knowledge about the species composition of the community is 
needed to detect possible effects in pollution studies in contradiction to the 
statements of Heip et al. (1988). 

We recognize that laboratory experiments could help to resolve causal 
relationships which are difficult to prove in field studies and may help in 
interpretation of data. 

Monitoring pollution at this site started nearly two decades after the pollution 
itself. We have no knowledge of the pre-pollution community and it is very hard 
to find good (clean) reference stations, especially in the North Sea. Because of 
this we suggest a follow-up of observations in the dumping area for 1991 or later 
to study whether the fauna has changed after the Ti02 dumping has ceased. As 
we missed the pre-pollution situation, it will be a challenge to be able to 
investigate the possible recovery after 3 decades of dumping. 
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