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ABSTRACT: Meiofaunal assemblages in undisturbed box-core samples of sublittoral sediment were 
subjected to 4 dose levels of pollutants (copper and hydrocarbons) in a mesocosm experiment designed 
for the GEEP Workshop. Multivariate analyses of species abundance data for nematodes and copepods 
showed only marqnal differences in species composition between treatments at the end of the 
experiment, principally between the high-dose treatment and the others. Diversity profiles for the 
nematodes were virtually unaffected, but copepods showed a graded response of decreasing diversity 
with increasing dose level, both intrinsically and relative to the nematode diversity profiles. Changes in 
copepod diversity were brought about by disproportionate increases in abundance of certain species 
rather than selective losses, a situation which parallels the effects of particulate organic enrichment. 

INTRODUCTION 

In many respects meiobenthos are much more amen- 
able than macrobenthos to experiments in microcosms 
and mesocosms which are designed to investigate com- 
munity-level responses to various kinds of manipula- 
tion. Firstly, because of their size and turnover time, 
community responses are measurable on spatial and 
temporal scales which can be reproduced in such 
experiments, whereas this is not generally the case for 
macrofauna. Secondly, it is often difficult to provide 
conditions within microcosms or mesocosms for mac- 
robenthic species with planktonic larvae to complete 
their life-cycle, i.e. recruitment is precluded so that the 
only possible changes in community structure in pollu- 
tion studies will result from selective mortality of the 
more sensitive species rather than increases in abun- 
dance of the less sensitive. Because meiobenthic 
species have direct benthic development, more realis- 
tic changes in community structure can occur, involv- 
ing both mortality and recruitment. 

To date, experimental manipulations of meiobenthos 
have largely utilised microcosms comprising either 
flow-through sand columns (McIntyre et  al. 1970, 
Boucher & Chamroux 1976, Chamroux et  al. 1977, 
Boucher 1979, Wormald & Stirling 1979, McLachlan et  
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al. 1981) or small aquaria (Cantelmo & Rao 1978, Can- 
telmo et al. 1979), which have all demonstrated signifi- 
cant effects of treatments, including additions of vari- 
ous levels and types of pollutants. On a larger scale, 
Bell & Coull (1978) used a mesocosm set-up to investi- 
gate the importance of dagger shrimp predation on 
meiofauna. Elmgren et  al. (1980), Grassle et  al. (1980) 
and Elmgren & Frithsen (1982) used the MERL meso- 
cosm systems at Rhode Island to investigate the effects 
of low level additions of No. 2 fuel oil; meiofauna were 
only identified to major taxon level, but nevertheless 
significant treatment effects were observed which 
paralleled the effects of an oil-spill in the field. The 
Solbergstrand mesocosm system, where the present 
experiments were conducted, has been used previously 
to investigate the effects of different levels of particu- 
late organic input (Gee et al. 1985) and the feeding 
activity of macrobenthic organisms (Warwick et  al. 
1986) on meiobenthic comnlunity structure. 

Appropriate techniques for analysing the results of 
such mesocosm experiments are essentially the same 
as those used for the analysis of field survey data (Gray 
et  al. 1988, Heip a t  al. 1988). Multivariate classification 
and ordination can b e  used to assess whether there are 
any significant differences in the species composition 
of communities between treatments, and univariate 
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measures (in which the actual identity of each species 
is not retained in comparisons between treatments) can 
be used as indices of biological stress. In a properly 
designed mesocosm experiment, however, the third 
stage of correlating the results of the multivariate and 
univariate analyses with both natural and anthropo- 
genic environmental variables is of course unnec- 
essary, since all variables except the experimental one 
should be the same between treatments. The level of 
community response to measured levels of pollutants 
under these controlled conditions provides a test for 
cause and effect which can only be inferred from corre- 
lations between pollutant levels and benthic commun- 
ity structure in the field. 

METHODS 

Methods of collection of the sediment samples from 
Bjsrnehodet Bay, and the experimental mesocosm 
design and pollution dosing levels, are given by Bakke 
et al. (1988). Four 28 cm2 sediment cores were taken at 
random positions within each of 4 sediment boxes from 
each treatment on 10 July, i.e. 12 wk after the boxes 
had been brought in from the field and 11 wk after 
pollution dosing commenced. Core samples were pre- 
served in 10 O/O formalin and sent to Plymouth, UK 
where the meiofauna were analysed 'blind', i.e. 
although the samples from the 4 boxes within each 
treatment were identified as replicates, there was no 
prior knowledge of the allocation of each set to a 
particular treatment. 

In view of the large size of the samples, only a 
subsample of each was analysed. The sediment was 
suspended evenly in 500 m1 of liquid (the formalin was 
made up to this volume with tap water) and an 80 m1 
subsample rapidly withdrawn. Subsamples from each 
of the 4 replicate cores were combined to give a single 
sample for each box, equivalent to a surface area of 
17.9 cm2. This procedure resulted in a much more 
representative sample of the meiofauna of the whole 
box than a single sample of equivalent area would have 
done. Each combined sample was washed in tap water 
on a 63 pm sieve, and the meiofauna extracted by 
flotation in LUDOX TM colloidal silica, repeated 4 
times. Copepods were then picked out from the sam- 
ples under a binocular microscope, since their identifi- 
cation often requires dissection, and the remaining 
meiofau.na were slowly evaporated to anh.ydrous gly- 
cerine and mounted evenly spread on slides for iden- 
tification and counting under a high power microscope. 
All techniques for sample extraction and processing are 
detailed in McIntyre & Warwick (1984). 

Previous mesocosm experiments with meiofauna 
from the same field site (Gee et al. 1985, Warwick et al. 

1986) had shown the meiofauna to be dominated by 
nematodes and copepods, as is usual for sublittoral 
muds (McIntyre 1969). Our analysis has therefore been 
confined to these 2 taxa. In any case, for many of the 
soft-bodied taxa, identification to species level is not 
possible in formalin preserved samples. Nematodes 
were always much more abundant than copepods, and 
the first 100 specimens encountered on scanning the 
slides were identified to species. These counts were 
corrected for total abundance in the sample, which was 
determined from total nematode counts along optical 
transects across the slides. All post-naupliar copepod 
specimens were identified, but some copepodites could 
only be determined to family and these have been 
omitted from all numerical analyses, except for total 
abundance estimates. 

Numerical analyses performed on the species abund- 
ance data include various multivariate procedures. A 
similarity matrix was constructed using the Bray-Curtis 
measure of similarity on data subjected to various 
strengths of transformation; this matrix was then sub- 
jected to classification using group average sorting, to 
multidimensional scaling ordination (MDS), and to the 
significance test ANOSIM (Clarke & Green 1988). 
Detrended Correspondence Analysis (DECORANA, 
Hill & Gauch 1980) was also performed. 

In order to carry out correlation-based Principal 
Component Analysis (PCA), it was necessary to 
reduce the data matrix. Those species representing 
less than 3 % of the total number of individuals in any 
one sample were retained (26 nematode and 26 
copepod species). PCA was supplemented by 'classi- 
cal' ANOVA and MANOVA tests exactly as described 
in Gray et al. (1988), followed by pairwise comparison 
between treatment means based on Malhanobis' dis- 
tances (Seber 1984). All analyses based on multivari- 
ate-normal distributional assumptions were performed 
on the widely available SAS statistics package (SAS 
1985). 

Univariate techniques included the calculation of the 
Shannon-Wiener diversity index (H'), evenness as Pie- 
lou's J ,  species richness as Margalef's D, Hill's diversity 
numbers (Hill 1973), see Help et al. (1988), and the 
plotting of k-dominance curves (Lambshead et al. 
1983). All these analyses were performed on 
nematodes and copepods separately, because in view 
of the different methods of abundance calculation it 
was not desirable to combine the data sets. The concept 
of indicator species or taxa is not so highly developed 
for meiofauna as for macrofauna, but we have calcu- 
lated the now rather controversial nematode:copepod 
ratio (Raffaelli & Mason 1981), and as far as possible 
have tried to interpret any species changes in terms of 
the 'opportunistic' or 'conservative' life-history charac- 
teristics of the species involved. 
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RESULTS 

The raw data on species abundances of nematodes 
and copepods in the 16 samples are given in Appendix 
3, Tables 8 and 9. 

comparisons indicate that these differences are 
between both the high-dose treatment (H) and the 
medium dose (M) and between H and control (C). 

Multivariate analyses 

Multidin~ensional Scaling (MDS) ordination of the 
nematode abundance data using various transforma- 
tions and the Bray-Curtis similarity measure shows no 
clear separation of replicates within treatments (Fig. 1). 

Fig. 2. MDS ordination of copepod abundance data (all 
species), using the Bray-Curtis similarity measure under (a) , 
and (b) ,, transformations (orientation is arbitrary). Treatment 

notation as Fig. 1. Stress is 0.18 in both cases 

a NEMATODES COPEPODS 

l l l C 1 

PCA 

MDS 

Fig. 1 MDS ordination of nematode abundance data (all 
species) for the 4 replicate boxes from each mesocosm treat- 
ment (C: control, L: low, M: medium, H: high dose of a diesel 
oil/Cu mutture), based on Bray-Curtis similarities computed 
under various transformations. (a) No transformation, (b) ,, (c) 
,(, (d) presence/absence. Stress values are: (a) 0.08, (b) 0.14, 
(c) 0.19, (d) 0.19. Note that plots can be arbitranly oriented or 

transposed; no attempt has been made to align them 

Stress values were quite high in all cases, indicating 
that a 2-D ordination is a mediocre representation of 
the data, but ordinations in 3-D (with acceptable stress 
levels of around 0.1) fail to show clearer separations. 
On all configurations, however, one of the high dose 
samples (the second H replicate in Appendix 3, Table 
8) is clearly distinguished from the remainder. Classifi- 
cation using group average sorting produced dendro- 
grams which simply confirmed the MDS results. The 
results of ANOSIM (Clarke & Green 1988) for 
similarities from both square root and 4th root trans- 
formations indicate that there are, however, significant 
differences among treatments (p < 0.05), and pairwise 

DCA 

Fig. 3. Comparison of 2-D ordinations produced by MDS 
(arbitrary orientation), PCA (abscissa: PC1, ordinate: PC2) and 
DECOGNA (abscissa: Axis 1, ordinate: Axis 2) for a reduced 
species set of nematodes and copepods (species > 3 % abun- 
dance in any one replicate retained), using log (1 +X) trans- 
formed abundances. Treatment notation as Fig. 1. MDS stress 
values are: (a) 0.19, (b) 0.18. For PCA, the percentages of the 
variabhty explained by PC1 and PC2 are: (c) 22.5 and 14.6, 

(d) 23.2 and 18.2 



184 GEEP WORKSHOP. COMMUNITY STUDIES 

For copepods, MDS again shows no clear clustering 
of replicates within treatments (examples for square 
and 4th root transformed data are given in Fig. 2.) 
Stress values are again high but dendrograms confirm 
that there is no clear pattern. ANOSIM for 4th root 
transformed data shows no significant differences 
among treatments, but for square root transformed data 
there are marginally significant differences between 
the high-dose treatment (H) and the medium dose (M) 
and control (C), and between M and C. The effect of 
the transformation on the outcome of ANOSIM sug- 
gests that the differences among treatments tend to be 
in the more common species which are more highly 
weighted by the square root than 4th root transforma- 
tion. 

Two further ordination methods, Principal Compo- 
nent Analysis (PCA) and Detrended Correspondence 
Analysis (DECORANA), are contrasted with an MDS 
configuration in Fig. 3, for both nematodes and 
copepods. The comparison presented here is restricted 
to a single transformation, that of log(1 + X ) ;  this pro- 
duces results that are similar to a 4th root transform, for 
both MDS and PCA. Covariance-based PCA was also 

NEMATODES 

L 

COPEPODS 

performed, with broadly similar results. Note that, in 
order to ensure comparability, the MDS and 
DECORANA analyses were performed on the 
restricted subset of species used for the PCA. MDS 
does not normally require this reduction since, unlike a 
correlation coefficient, a Bray-Curtis similarity auto- 
matically downweights the effect of rare species, and 
eliminates altogether any contribution from joint 
absences. The species reduction therefore has only 
minor effect on the MDS; Fig. 3a is very similar to Fig. 
lc.  

The most notable feature of Fig. 3 is the clearer 
separation of the high dose replicates in the PCA con- 
figuration than for MDS and DECORANA. For 
nematodes, ANOVA tests of treatment differences on 
the the first 2 PC axes (each at the p < 0.025 level) are 
marginally significant; the principal difference is 
between H and the other treatments. In a MANOVA- 
based analys~s on the first 5 PCs (which account for 
72 % of the total variance) there is a highly significant 
difference among treatments, and Malhanobis' dis- 
tance tests show that this is again due to the contrast of 
H with the rest. For copepods, a similar pattern 

Fig. 4 .  Plot of Canonical variate 2 
(CV2) versus Canonical variate 1 
(CVI) for the reduced species set 
of nematodes and copepods. 
Treatment notation as Fig. 1. 
Only CV1 should be interpreted 
because only one CV axis is hy- 
pothesized, and only one is 

statistically significant 
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emerges: treatments are separated by an ANOVA on 
PC2 (p = 0.02) and, while it is again nlostly H versus 
the rest, here the treatment level means are in the 
sequence C-L-M-H. Again there is a highly significant 
difference among treatments in the MANOVA and 
Malhanobis' distances differ significantly between H 
and L, H and C, and M and C. 

When the overall MANOVA test (Roy's greatest root 
criterion, Seber 1984) is significant, it can be instructive 
to compare the order of treatment means on the first 
canonical variate CV1 (Seber 1984), which is the only 
MANOVA axis on which differences are expected 
here. Fig. 4 plots the first 2 canonical variates, both for 
nematodes and copepods; for the latter, CV1 is again in 
the sequence C-L-M-H. Such a monotone sequence of 
treatment levels has a probability of 1 in 12 (note that 
the direction of the CV1 axis is arbitrary). This gives a 
further test of between-treatment differences, which 

makes no parametric assumptions of normality and 
'large-samples', unlike the MANOVA test. However, 
this simple non-parametric test is only capable of sig- 
nificance (as here) at the p < 0.10 level. 

It is important to note that Fig. 4 is not a n  ordination. 
Unlike MDS, PCA and DECORANA (Fig. 3), the CV 
plot uses the known division of the 16 samples into 4 
replicates from 4 treatments (though not the known 
ordering of treatment seventy). In fact, its rationale is to 
find the directions in the multi-dimensional species 
space that maximise the differences among the treat- 
ment means; thus a purely random data set would 
exhibit some separation on a CV1 axis. (A simple anal- 
ogy here is with 'snooping' in the original species 
matrix, to summarise the data by one species, that 
whose abundance changes most between treatments; 
though this can sometimes be informative, its dangers 
are obvious.) The demonstration of treatment differ- 

Table 1. Univariate measures for mesocosm nematodes and copepods. I: total number of individuals per sample; S: total number of 
species; D: speciesrichness; H': Shannon-Wiener diversity index; J: evenness; Nand N': Hill's (1973) diversity and evennessnumbers 

Basin I S D H' J NI N2 N.. NIO NIO' N21 NZ,' 

Nematodes 
C 
C 
C 
C 

L 
L 
L 
L 

M 
M 
M 
M 

H 
H 
H 
H 

Cope pods 
C 
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ences is in the MANOVA test; if that test is significant 
H 

then the CV plot can help in assessment of where the H 
2 

differences are. 

Univariate analyses 01 L 
1 M 

M 1 
M M 

Values of diversity, evenness and species richness for C 

the 16 replicate samples are given in Table 1. To 
examine whether there are clear differences between 
treatments in the combination of the 12 univariate 

1 ' 1 ' 1 7 1 ' 1 ' 1 ' 1  
-6 -4 -2 

D C ,  

measures in t h s  table, we have subjected combinations 
of these measures to Principal Components Analyses, 
and assessed the significance of any differences using 
ANOSIM. For both nematodes and copepods 3 sepa- 
rate analyses were done using: (a) all 12 measures, (b) 
omitting total numbers of individuals (I), which as 
shown below are significantly higher in the high dose 
boxes, and (c) as  (a) but excluding Hill's diversity 
numbers ( N a n d  N') .  For nematodes there are no sig- 
nificant differences a t  the p < 0.05 level between treat- 
ments in any of these analyses. For copepods there are 
global differences at p <0.05. Fig. 5 shows the PCA 
analysis for subset (b) of the copepod data. The other 2 
analyses (a) and (c) were virtually identical to this, and 
show that the differences between treatments in the 
univariate measures result from the difference between 
the high dose boxes and the others. As Gray et al. 
(1988) found, there is effectively no additional informa- 
tion in the Hill's diversity numbers not already present 
in S, D, H' and J .  

To construct k-dominance curves, data for the 4 
replicates of each treatment have been combined. For 

Fig. 5. PCA analysis of the uruvariate measures for copepods 
given in Table 1, excluding total number of individuals (I). 
Treatment notation a s  Fig. 1. First and second PCs explain 

77.5 and 17.0 % of the variability respectively 

nematodes (Fig. 6a) the curves for the 4 treatments lie 
very close together, and cross one another, indicating 
no clear-cut treatment effect on the diversity profile. 
For copepods, however, the high-dose (H) and 
medium-dose (M) treatment curves are clearly above 
the low-dose (L) and control (C) curves throughout 
their length, indicating lower diversity in the former 
(Fig. 6b). Although both the H and M and the L and C 
curves cross each other, this is only at the upper ends of 
the curves (rarer species), the lower ends forming a se- 
quence from high to low diversity C-L-M-H. The chan- 
ces of this sequence occurring by chance (in a direction 
predicted a priori) are 1 in 24. 

Comparison of the k-dominance curves for 
nematodes and copepods within treatments shows that 
for high- and medium-dose treatments (Fig. ?a,b) the 
copepod curve is well above the nematode curve 

0 00 5 10 1 5 10 

SPECIES R A N K  

Fig. 6 k-dominance curves for (a)  nematodes and (b)  copepods, all replicates within treatments combined. Treatment notatlon as 
F1g. 1 



Warwick et al.: Meiofauna in the rnesocosrn experiment 187 

Fig. 7. Comparison of k-dominance curves for nematodes (crosses and broken lines) and copepods (squares and solid lines), for 
combined replicates within each treatment: (a) high dose, (b) medium dose, (c) low dose. (d) control 

0 ,  

throughout its length, indicating lower copepod than 
nematode diversity. For the low-dose treatment (Fig. 
7c) the curves are close together and for the control 
(Fig. 7d) they cross, indicating no unequivocal separa- 
tion in terms of diversity profiles. Despite this differ- 
ential response in community structure between the 
nematode and copepod components of the meioben- 
thos, Table 2 shows clearly that there are no differences 
in the nematode:copepod ratio between treatments. 
However, there are differences in absolute abundance 
of both nematodes and copepods @<0.01 in an 
ANOVA); for copepods these differences are entirely 
due to higher abundance in the high dose boxes, while 
for nematodes the high dose boxes are significantly 
higher than the medium dose and control, but not than 
the low dose. 

C 

DISCUSSION 

d 

In many respects, the various multivariate analyses 
give similar results. For nematodes, ANOSIM shows 
only significant differences between the high-dose (H) 
and the medium-dose (M) and control (C) treatments. 
Malhanobis' distances are also only significant between 
H and the other treatments. For copepods, ANOSIM on 
the square root transformed data matrix shows signifi- 
cant differences between H and M, H and C, and M and 
C, whereas the Malhanobis' distances differ signifi- 
cantly between H and L, H and C and M and C. 

However, comparable ordinations such as PCA, MDS 
and DECORANA lead to rather different configura- 
tions (Fig. 3) ,  most obviously in their separation of H 
replicates from other treatments. The reason for this 

I ' ' ' i ' ' ' ' ' ' Y  
1 

I 
5 

I l B a i ' ' ' ' ' ' p  
10 l 5 10 

SPECIES RANK 
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Table 2. Mesocosm meiofauna. Numbers of nematodes and 
copepods (per 17.9 cm2 of surface) and nematode to copepod 

ratios (N : C) 

Basin Nematodes Copepods N:C 

C 1560 7 0 22.3 
C 1296 52 24.9 
C 864 125 6.9 
C 1620 39 41.5 

L 1920 54 35.6 
L 3840 54 71.1 
L 1416 93 15.2 
L 2544 51 49.9 

M 1452 7 0 20.7 
M 2844 60 47.4 
M 1368 42 35.6 
M 1056 93 11.4 

H 2988 126 23.7 
H 3920 374 10.5 
H 3024 178 17.0 
H 3504 168 20.9 

seems to lie in the poor 2-D representations of the full 
structure in the high-dimensional abundance matrix, 
particularly for PCA where the first 2 PCs account for 
< 40 O/O of the total variability. This becomes most 
apparent when cluster analyses are performed, in the 
original full-dimensional space, and the clusters 
obtained at a range of similarity levels superimposed 
on the ordinations (e.g. Field et al. 1982). Dendrograms 
from hierarchical, group-average clustering are given 
in Fig. 8, based on log(1 + X )  transformed data and the 
reduced species set, for both Bray-Curtis (BC) 
similarities and the 'Euclidean distances' between 
replicates, the latter being the dissimilarity matrix 
implicit in a PCA. Cluster analysis groups together 
replicates which are in close proximity in the full- 
dimensional species space, so an acceptable 2-D ordi- 
nation should preserve these groupings without distor- 
tion. Fig. 8c shows that, in spite of the relatively high 
stress, BC-based MDS and BC-based cluster analysis 
are in reasonable agreement. By contrast (Fig. 8f), 
Euclid-based PCA and Euclid-based clustering show 
considerable distortion with, for example, the H4 repli- 
cate grouped with M2 rather than H1 and H3. It is also 
interesting to note the complementary operations in 
Fig. 8d and e ,  with the BC-based MDS reflecting the 
results of a Euclid clustering much more accurately 
than the Euclid-based PCA represents the BC cluster- 
ing. Superimposing the 2 sets of cluster analysis group- 
ings onto the DECORANA configuration produced a 
highly convoluted picture in both cases, indicating a 
poor 2-D representation of BC and Euclidean distance 
matrices. 

So, the apparent discrepancies between, for exam- 

ple, Fig. 3a and c are a reflection of the different 
construction of the 2 techniques. In the 2-D PCA the 
third and higher PC components are ignored, as the 
points are projected perpendicularly onto the 'best' 2-D 
plane, possibly on top of each other from 'opposite 
sides', as happens here with some of the H replicates. 
This is less likely to happen in MDS, where an attempt 
is made to preserve the between-replicate dis- 
similarities from the full-dimensional space. Though 
some distortion (high 'stress') may still result, an MDS 
ordination is Likely to offer a more realistic 2-D rep- 
resentation than a PCA. 

The univariate indices and k-dominance plots indi- 
cate that the nematode diversity profiles are very simi- 
lar between treatments, but for the copepods there is a 
clear treatment effect. The differences in copepod 
diversity profiles are mainly due to changes in the more 
abundant species; this is indicated both by the k- 
dominance plots and by comparison of ANOSIM 
results using square and 4th root transformed abund- 
ance data. Indeed, the sequence C-L-M-H in the k- 
dominance plots is almost entirely due to increasing 
numbers of Tisbe species with increasing dose level. In 
the control treatment the nematode and copepod diver- 
sity profiles are not distinguishable from each other, 
but copepod diversity gradually decreases relative to 
nematode diversity as the pollution level increases. 
This differential response of nematodes and copepods 
was also found by Gee et al. (1985) in experiments in 
which the same meiobenthic assemblage from Bjerr- 
nehodet Bay was subjected to different levels of par- 
ticulate organic input (their Fig. 2) .  Not only are these 
results quantitatively similar, but the most significant 
differences in the copepod assemblages between treat- 
ments in the organic enrichment experiment involved 
increases in Tisbe species, similar to those in the pres- 
ent experiment (Appendix 3, Table 9). There is no fall- 
off in the number of copepod species present from the 
control to high dose treatments, and decreases in diver- 
sity result from disproportionate increases in abun- 
dance of a few species, principally Tisbe species but 
also Danielssenia typica and Diosaccid species 1. These 
increases result in the significantly higher total abun- 
dance of copepods in the high dose boxes compared 
with the others. Tisbe species are known to have 
opportunistic characteristics, but Gee et al. (1985) 
argued that their increase in abundance under organic 
ennchment was not an experimental mesocosm 
artifact, and the same arguments apply to the present 
experiment. 

Tisbe species became paticularly abundant in the 
second replicate from the high dose basin. In this box 
the nematode Monhystera disjuncta also became over- 
whelmingly dominant, and this species was generally 
more abundant in all the high dose boxes than in the 
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Fig. 8. (a) Cluster analysis of the reduced nematode data set using log (1 +x) transformed species abundances, Bray-Curtis 
similarity measures and group average sorting. Treatment notation as Fig. 1. Solid, broken and dotted horizontal lines indicate 
levels of similarity arbitrardy selected to separate groupings which describe the major structure of the dendrogram (b) as (a) but 
using the Euclidean distance matrix rather than Bray-Curtis. (c) MDS ordination from Fig. 3a with groupings from dendrogram (a) 
supenmposed. (d) MDS ordination from Fig. 3a with groupings from dendrogram (b) superimposed. (e) PCA ordination from Fig. 
3c with groupings from dendrogram (a) supenmposed. ( f )  PCA ordination from Fig. 3c with groupings from dendrogram (b) 

superimposed 
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others. Its ease of laboratory culture and very fast 
turnover time (Vranken & Heip 1986) suggest that this 
species too can be regarded as relatively opportunistic. 
Its high abundance in the second H replicate is largely 
responsible for the relative isolation of this sample on 
the MDS configurations (Fig. 1). 

The above responses of the meiobenthic community 
clearly result from additions of different levels of hydro- 
carbons and copper, but at least 3 possible mechanistic 
explanations for the pollution reponse can be invoked. 

(1) Copepods are generally more sensitive to pollu- 
tion than nematodes; this results in a decrease in their 
diversity relative to that of the nematodes with increas- 
ing levels of pollution. 

(2) The levels of exposure to pollutants differed for 
the 2 groups. Measured levels of hydrocarbons and 
copper in the sediments were not significantly different 
between treatments (Gray et al. 1988), whereas con- 
centrations in water showed a clear dosing gradent 
across basins, so the dfferential response might result 
from the fact that copepods are mainly epibenthic and 
nematodes mainly burrowing. 

(3) The general response was to organic enrichment 
brought about by the addition of hydrocarbons and/or 
by mortalities of large macrobenthic species. Observed 
responses could be explained by the fact that certain 
opportunistic copepods, particularly Tisbe species, had 
higher colonising potential than any of the nematode 
species. 

The general similarity of the response to that of 
nutrient enrichment, and the fact that changes in 
copepod community structure resulted mainly from 
selective increases of certain species rather than selec- 
tive mortalities, favour the third explanation. Rates of 
population increase for Tisbe species at temperatures 
as low as those in the mesocosm experiment (9 "C) are 
not known, but certainly Tisbe cultured at higher tem- 
peratures have rates of increase higher than those for 
most other harpacticoid taxa (Hicks & Coull 1983, 
Table VI). The nematode Monhystera disjuncta has a 
generation time of 18 d at 9 "C;  this is very much 
shorter than for any other nematode species studied, at 
comparable temperatures, by Vranken & Heip (1986). 
This species could potentially have passed through 4 
generations during the experiment, whereas the other 
species studied by Vranken & Heip could barely have 
completed 1 generation. It therefore seems that the 
observed reponse of the meiofauna community results 
from increases in populations of those species of 
copepods and nematodes which have the capacity to 
do so over the time-scale of the experiment. Toxicity of 
the pollutants was not an important element of the 
response, but may have had an effect if the experiment 
had been run for longer or if the pollutants had pene- 
trated into the sediments. 
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