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ABSTRACT: Patterns in community structure of macrofauna (Day grab samples), nematodes (Craib 
core samples and subsamples from Day grabs) and copepods (Craib core samples) along a transect 
through a dredgings disposal site in Liverpool Bay, UK, are compared, and related to a range of envi­
ronmental measurements. Disposal of dredged material at the site has different effects on different 
components of the benthos. Nematodes are more sensitive to sediment structure and the ongoing dis­
posal of dredgings at the site, but the method used to sample them influences the perceived pattern of 
impact. Subsampling from grabs is not found to be an adequate method of sampling meiofauna in 
studies designed to examine details of changes in community structure, although such samples may 
be sufficient for detecting that substantial changes have occurred. Macrofauna are more sensitive to 
concentrations of metals and longer term events at the site.
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INTRODUCTION

M eiofauna have  evoked  considerable in terest as 
potential indicators of an th ropogen ic  per turbat ion  in 
aquatic  ecosystems (see review by Coull & C hand le r  
1992) as they have several potential advan tages  over 
macrofauna, which have traditionally b ee n  the com ­
ponen t of the ben thos exam ined  in pollution m onitor­
ing surveys. T hese  include their small size and  high 
densities, so tha t smaller sam ples  m ay be collected, 
shorter genera tion  times and  no p lanktonic p h ase  in 
their life-cycles, suggesting  a potentially shorter r e ­
sponse time and  h igher  sensitivity to pollution (Heip et 
al. 1988, W arwick 1993). A lthough  the responses of 
different groups of organism s to certain  types of p e r ­
turbation m ight be expec ted  to differ, there  are  few 
studies in which the im pact of an th ropogen ic  d is tu r­
b ance  on m ore than one com ponen t of the biota has 
b ee n  exam ined  directly.

The 'N ew  Site Z' d redg ings  disposal site in Liverpool 
Bay, UK, has received approxim ate ly  2 to 3 Mt of m ud
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and  sand  annually  since 1982, arising from the  contin­
uous d red g in g  of navigational channels  in the  M ersey 
es tuary  and  its approaches .  The disposal site is d ispe r ­
sive as it is shallow (10 m), exposed  to w ave  action 
from the west to the north, and  tidal curren ts  of up 
to 0.8 m s ' 1 occur in the  vicinity. Previous surveys 
(Rowlatt et al. 1986, Rees et al. 1992) indicate a m arked  
change  in m acro fauna  com m unity  s tructure  in the 
vicinity of the disposal site. The p resen t  study has 3 
objectives: (1) to com pare  ch anges  in m eio fauna  and  
m acro fauna  com munity s tructure  in the vicinity of the 
disposal site,- (2) to assess the utility of m eio fauna  sam ­
ples collected by tak ing  subsam ples  from g rab  samples 
in com parison with sam ples  collected with a del iberate  
corer (Craib corer); (3) to rela te  the observed  changes  
to m e asu red  environm enta l  variables.

MATERIALS AND METHODS

Sam pling design . Sam ples w ere  collected a long a 
transect runn ing  approxim ate ly  north-south  th rough  
the  Liverpool Bay 'N ew  Site Z' d redg ings  disposal site
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evapora ted  to anhydrous  glycerol, evenly sp read  
on microscope slides and  the  coverslips ringed 
with Bioseal. N em atodes  w ere  counted  and  the 
first 200 specim ens encoun te red  in each  sam ple 
identified to species using a com pound m icro­
scope with conventional bright-field il lum ina­
tion, allowing the  total num bers  of each  species 
in each  sam ple to be es timated. M acrofauna 
w ere  identified to species level using s tandard  
taxonomic keys.

The % silt/clay in sed im ent samples was d e te r ­
m ined  by w et sieving using a 63 pm  sieve to s e p ­
ara te  the coarse and  fine fractions which w ere  
then  dried at 95°C and  weighed . For the d e te r ­
mination  of metal concentrations the fine fraction 
was d iges ted  with aqua  reg ia  and  analysed 
using flame atomic absorption spec tropho tom e­
try. The % organic carbon and  nitrogen  in whole 
sed im ent subsam ples  w ere  d e te rm in ed  using a 
Perkin Elmer 240 CH N  analyser, after removal of 
carbonates  by trea tm en t with 8% H SO :î.

Fig. 1. Location of the 'New Site Z' dredgings disposal site in Liver­
pool Bay, UK, and (large inset) of the sampling stations in relation to

the disposal site and the 10 m depth contour DATA ANALYSES

D red g ed  m ateria l 
d isp o sa l s ite

10 m

RIVER M ERSEY

(Fig. 1) on a MAFF cruise on board  the  RV 'Prince 
M a d o g ’ in S ep te m b er  1991. The transect  followed the 
10 m  contour in order  to minimise the effects of 
changes  in dep th  in the consequen t  analyses. At each  
station 4 Day grab  sam ples  for m acrofauna,  4 su b ­
sam ples from Day grab  sam ples  (50 ml syringe to a 
dep th  of 5 cm) an d  4 Craib core sam ples  for m e io ­
fauna w ere  collected. M eiofaunal sam ples  w ere  
im m edia te ly  fixed in 4%  buffered  formalin. M acro­
fauna  sam ples  w ere  sieved on a 1 m m  m esh  prior to 
fixation in 4 % buffered  formalin. Surficial sed im ent 
for ana lyses  of m etal concentrations, % silt/clay and  
% organics w ere  collected from a fifth Day grab  sa m ­
ple at each  station and  frozen at -20°C  pend ing  
analysis.

Sam ple processing. S am ples for m eiofauna w ere  
w ashed  on a 63 pm  sieve to rem ove formalin an d  most 
of the  silt/clay sed im en t fraction. The m eiofauna w ere  
th e n  ex tracted  using  élutriation in fresh w ate r  and  
decant ion  th rough  a 63 pm  sieve followed by a flota­
tion extraction using a colloidal silica solution (Ludox™ 
from DuPont) with a specific gravity of 1.15. M eiofau­
nal com munities in shallow sublittoral sed im ents  are 
generally  dom ina ted  by nem atodes  an d  copepods. Our 
analyses, therefore, are  confined to these  2 taxa. Each 
sam ple  was w ash e d  into a lined petri dish and 
the  copepods p icked  out u n d e r  a binocular micro­
scope and  identified to species using a com pound 
microscope with N om arski in te rference contrast illu­
mination. The rem ain ing  sam ple  was then slowly

C opepods w ere  absen t  from several of the su b ­
sam ples from Day grabs, so analyses of the meiofauna 
sam pled  in this w ay are  limited to the nem atodes.  The 
majority of the techniques used  are  described  in 
C larke & Warwick (1994b).

Univariate m easures of com m unity structure. Uni­
variate m easures  included: total abundance  (A), num ber 
of species (S), S hannon-W iener  diversity indices ca lcu­
la ted  using natural logarithms ( H 1), species richness 
(M arg a le f i  d ) and  evenness  (Pielou’s J). A  and  S w ere  
conver ted  to approxim ate  normality using a log(l+N ) 
transformation and  the significance of differences b e ­
tw een  stations was tested  using 1-way ANOVA.

M ultivariate analyses of com m unity structure. Non- 
param etr ic  multivariate techniques w ere  used, as d is­
cussed by Clarke (1993). Lower tr iangular  similarity 
matrices w ere  construc ted  using a range  of data  t rans­
formations and  the Bray-Curtis similarity m easure.  
Transformations w ere  used  to reduce  contributions to 
similarity by a b u n d a n t  species, and  therefore to in ­
crease  the im portance of the less ab u n d a n t  species 
in the analyses. N em atodes  and  m acro fauna  vary in 
a b u n d a n ce  be tw e en  single individuals and  thousands 
of specim ens within samples, so a fourth-root transfor­
m ation  was applied. Copepods vary be tw e en  single 
specim ens and  h u ndreds  of specimens, so a square-  
root transformation was used. Ordination was by n o n ­
metric multid im ensional scaling (MDS) (Kruskal 
& Wish 1978, C larke & G reen  1988). Formal signifi­
cance tests for differences be tw een  stations w ere  p e r ­
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formed using the ANOSIM perm utation  test (Clarke & 
G reen  1988, C larke 1993). The species contributing 
to dissimilarities be tw een  stations w ere  investigated 
using the similarities pe rcen tages  p rocedure  (SIMPER) 
(Clarke 1993).

It is important to obtain information on replicate vari­
ability at each station in order to establish u nequ ivo ­
cally that there are  community differences be tw een  
them, am enab le  to interpretation. However, averag ing  
samples then reduces  the variability at each station, 
thereby  increasing the signal-to-noise ratio in d isplay­
ing pat terns  of change  across sites, for exam ple  in re la ­
tion to an  environm enta l gradient.  For this reason 
abu n d a n ce s  from each station w ere  av e rag ed  and  
similanty matrices constructed, w hich w ere  then com ­
p ared  by m ean s  of a p rocedu re  used  by Clarke & W ar­
wick (1994a) to exam ine com munity pat terns  for ev i­
dence of common biotic structure, and  by Clarke et al. 
(1993) to m easure  the d eg re e  to which community 
change  conforms to a linear sequence  in a study of d is­
tu rbance in coral communities. A S pearm an  rank  cor­
relation (p) was com puted  be tw e en  the corresponding 
e lem ents  of each  pair  of matrices, and  the significance 
of the correlation de te rm ined  using a perm utation  p ro ­
cedure.

Environm ental variables. Environm ental variables 
w ere  converted  to approxim ate  normality using a 
log(l-t-N) transformation and  ordinated  using a co rre­
la tion-based principal com ponents  analysis (PCA). A 
lower tr iangular Euclidean  distance matrix rela ting  to 
the ordination was constructed  (Clarke & G reen  1988). 
For the reasons outlined above, and  because  only 1 
sample for the analyses of environm enta l variables 
was taken  from each station, the species ab u n d a n ce s  
from the 4 replicates at each  station w ere  ave raged  for 
analyses linking biotic and  abiotic data. T hese  Bray- 
Curtis similarity matrices derived  from ave raged  t rans­
formed biotic data  w ere  com pared  with the environ­
m ental distance matrix using the procedure  outlined 
above. The relationships be tw e en  multivariate com ­
munity  s tructure and  com binations of environm enta l 
variables w ere  exam ined  using the BIO-ENV p ro ce ­
dure  (Clarke & Ainsworth 1993) which calculates rank 
correlations be tw e en  a similarity matrix derived from 
biotic data and  m atrices derived from various subsets 
of environm enta l variables, thereby  defining suites of 
variables which 'best exp la in1 the biotic structure.

RESULTS 

Univariate m easures of com m unity structure

Variation in nem atode  ab u n d a n ce  in Craib core 
samples is not significant a long the transect but the

variation in other m easu res  such as evenness  (J), r ich­
ness (d), diversity (H' )  and  species ab u n d a n c e  (S) is 
highly significant (Fig. 2, Table 1), lower values of all 
m easu res  being found within the disposal site (Stns 4 
and  5). Univariate m easu res  derived from com parab le  
grab  subsam ples (Fig. 3) are  relatively insensitive. 
Only a b u n d a n ce  (A), S and  d vary significantly (Table 
1), being  lowest at Stn 5, and  the pa t te rn  of im pact is 
not as clear as that ind icated  by univariate  m easu res  
derived  from Craib core samples.

M easures  derived from the copepod  da ta  do not 
reveal a clear pa t te rn  (Fig. 4). While J  does not vary 
significantly be tw e en  stations, o ther  m easu res  do 
(Table 1), but it is unc lea r  w ha t  this variation indicates, 
a possibility being  that the effect of d redg ings  disposal 
is to eleva te  values around  the  m arg ins of the disposal 
site (Stns 2, 3 and  6). All univariate  m easu res  derived 
from m acrofauna  data  vary significantly a long the t r a n ­
sect (Table 1), most be ing  red u c ed  at Stn 4 and  to a 
lesser ex ten t  at Stn 5, with the exception of A,  w hich is

Nematodes,

Log ( 1 +.4 )

Log (\+S)

H '

d

J

Fig. 2. Means and 95% pooled confidence intervals for uni­
variate measures of nematode community structure: trans­
formed abundance (log(l+A)), transformed number of species 
[log(l+S)], Shannon-Wiener diversity [H'),  Margalef's d and 

Pielou’s J  in Craib core samples from Stns 1 to 7

Craib cores

1 2  3 4 5 6 7
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Table 1 E-ratios and significance levels (from f 6,22) from 1-way ANOVA tests for differences in various univariate measures
of community structure (see text) between stations

Univariate Nematodes (Craibs) Nematodes (grabs) Copepods (Craibs) Macrofauna
measure F P F P F P F P

Log(l+A) 2.2 0.08 10.6 <0.01 6.1 <0.01 11.8 <0.01
Log(l+S) 54.7 <0.01 12.4 <0.01 5.8 <0.01 17.2 <0.01
H ' 27.1 <0.01 1.5 0.24 3.7 0.01 25.4 <0.01
d 29.1 <0.01 3.5 0.02 3.6 0.01 31.3 <0.01
J 8.9 <0.01 1.1 0.42 1.4 0.25 15.5 <0.01

highes t  at  Stn 4 (Fig. 5). Stn 1 also appears  to have  e le ­
va ted  num bers  and  dec reases  in other m easures .

M ultivariate analyses of com m unity structure

MDS ordination (Fig. 6) of fouth-root transform ed 
n em ato d e  data  from Craib core sam ples  clearly shows

tha t the communities at Stns 4 and  5, within the dis­
posal site, cluster separate ly  from Stns 1 ,2 ,3  and  7, and 
sam ples  from Stn 6 occupy an in term ed ia te  position. 
The ANOSIM significance tests for differences b e ­
tw een  stations indicate that all are  significantly differ­
en t (p < 0.03), except 2 and  3, and  4 and  5 (Table 2). 
For nem atode  ab u n d a n ce  data  from subsam ples  from 
Day grabs  the major impact appears  to occur at Stn 5

„
Nematodes. 

Grab sub-samples 2 i Copepods Î 2'
Macrofauna

I
3 0

L o g ( ] +A)
I I I '  , 1

L o g ( \ +A) i ' j i ' i
3 00

Log (1+/4)

1

1 '  l ' l1
0 5

I 2 <0 1 1

Log (1+5)

H '

1 2  3 4 5 6 7

Fig. 3. Means and 95% pooled confi­
dence intervals for univanate m ea­
sures, as in Fig. 2, of nematode com­
munity structure in subsamples from 

Day grab samples from Stns 1 to 7

Log (1+5)

H'

1 2  3 4 5 6 7

Fig. 4. Means and 95% pooled confi­
dence intervals for univanate meas­
ures, as in Fig. 2, of copepod commu­
nity structure, in Craib core samples 

from Stns 1 to 7

Log (1+5)

H'

I ,1

I 2 3 4 5 6 7

Fig. 5. Means and 95% pooled confi­
dence intervals for univariate m ea­
sures, as in Fig. 2, of macrofauna 
community structure in Day grab 

samples from Stns 1 to 7
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Fig. 6. Multidimensional scaling ordinations for fourth-root 
transformed nematode abundances from Craib core samples 

and subsamples from Day grabs

(Fig. 6), and  differences b e tw e en  all stations are  s ig ­
nificant, except 3 and  2, an d  3 and  7 (Table 2).

Ordination of fouth-root transform ed copepod  a b u n ­
dance  data  (Fig. 7) does not show a very clear pat tern  
of impact, and  ANOSIM supports  this (Table 2). O rd i­
nation of fouth-root transform ed m acrofauna data  does 
show a clear pattern ,  in tha t Stns 4 and  5, within the 
disposal site, are clearly sep ara ted  from Stns 2, 3, 6 
and  7 (Fig. 7). Stn 1 clusters separately, suggesting  that 
this site is also subject to some other environm enta l 
difference. ANOSIM separates  all stations except 3 and  
2, and  3 and  6 (Table 2).

Similarity matrices, construc ted  from averaged  
transform ed biotic data, w ere  com pared  with each 
other. The results (Table 3) show tha t not all the 
matrices are  significantly corre la ted  (p < 0.05). C o r re ­
lations be tw e en  matrices derived  from nem atode  and  
copepod  ab u n d a n ce s  in Craib cores and  m acro fauna  in 
Day grab  samples are  all significant. Matrices derived 
from nem atode  a b u n d a n ce s  in subsam ples from Day 
grabs are not significantly correlated with those derived 
from ab u n d a n ce s  of o ther  com ponents  of the benthos. 
The highest correlations are  be tw e en  nem atodes  
from Craib core sam ples  and  m acro fauna  from grab 
samples, showing tha t pa t te rns  in com munity structure 
revea led  by n em ato d e  a b u n d a n ce s  in Craib cores

match p a t te rn s  in m acrofaunal com m unity  s tructure  in 
Day g rab  sam ples  more closely than  do p a t te rn s  in 
n em ato d e  com m unity  s tructure derived  from n e m a ­
tode ab u n d a n ce s  in subsam ples  from those sam e Day 
grab  samples.

Similarities p e rcen tages  analyses (SIMPER) of fourth- 
root transform ed n em ato d e  and  m acrofauna  a b u n ­
dances, an d  square -roo t transform ed copepod  a b u n ­
dances ,  w ere  used  to de te rm in e  the  contributions from 
individual species to the Bray-Curtis dissimilarities 
be tw e en  stations. Variation in a b u n d a n c e  of a ran g e  of 
n em ato d e  species com m on to both  stations accounts 
for most of the pairw ise dissimilarities b e tw e en  Stns 1, 
2, 3 and  7. Species im portan t in character is ing  co m m u ­
nities outside the disposal site are  Sabatieria celtica  
and  Richtersia inaequa lis , and  to a lesser ex ten t  a 
n u m b e r  of species including Spirinia parasitifera  and  
M etoncho la im us scanicus. Species characteristic of 
communities within the  disposal site, at Stns 4 and  5, 
include Sabatieria puncta ta , Sabatieria brevise ta  and  
D aptonem a tenuisp icu lum . The com m unity  at Stn 6 
is character ised  by both  S. celtica  and  S. puncta ta , 
am ong  other species. A similar pa t te rn  of contributions

Table 2, Results of pairwise tests from 1-way ANOSIM, sig­
nificance (p) of differences in community structure between 
Stations 1 to 7. Nematode and macrofauna data fourth-root 

transformed, copepod data square-root transformed

1 2 3 4 5 6

Nematodes, Craib cores
2 0.03
3 0.03 0.11
4 0.03 0.03 0.03
5 0.03 0.03 0.03 0.23
6 0.03 0.03 0.03 0.03 0.03
7 0.03 0.03 0.03 0.03 0.03 0.03
Nematodes, Day grabs
2 0.03
3 0.03 0.51
4 0.03 0.03 0.03
5 0.03 0.03 0.03 0.03
6 0.03 0.03 0.03 0.03 0,03
7 0.03 0.03 0.26 0.03 0.03 0.03
Copepods, Craib cores
2 0.03
3 0.03 0.11
4 0.51 0.03 0.03
5 0.14 0.03 0.03 0.49
6 0.09 0.09 0.03 0.06 0.06
7 0.06 0.06 0.03 0.17 0.37 0.43
Macrofauna
2 0.03
3 0.03 0.46
4 0.03 0.03 0.03
5 0.03 0.03 0.03 0.03
6 0.03 0.03 0.17 0.03 0.03
7 0.03 0.03 0.03 0.03 0.03 0.03
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C O PE PO D S. CRAIB CO RES, S T R E S S = 0 .!7

M ACROFAUN A. GRABS S T R E S S = 0 .I6

Fig. 7. Multidimensional scaling ordinations for square-root 
transformed copepod abundances from Craib core samples 
and fourth-root transformed macrofauna abundances from 

Day grabs

to dissimilarities b e tw e en  stations is ev ident in the 
nem ato d e  a b u n d a n c e  data  from g rab  subsam ples.

The copepod  com m unity  in these  samples was su r ­
prisingly poor with only 22 species. The overall pa t te rn  
of contributions from individual species is that a g e n ­
eral d ec rease  in num bers  of individuals an d  species 
d iscriminates sam ples  from within the disposal site 
from those without.

M any species contribute to differences in macro- 
faunal com m unity  s tructure  be tw e en  stations, but

Table 3. Pairwise Spearman rank correlations between 
similarity matrices derived from averaged transformed biotic 
abundance data. Nematode and macrofauna data fourth-root 
transformed, copepod data square-root transformed, 'p  < 0.05 

by a permutation test

Nematodes
(Craibs)

Nematodes
(grabs)

Copepods
(Craibs)

Nematodes (grabs) 0.465
Copepods (Craibs) 0.606- 0.203
Macrofauna (grabs) 0.668- 0.404 0.617-

variation in the relative ab u n d a n ce s  of Lagis koren i 
(Polychaeta; Pectinariidae) and  M ysella  bidentata  
(Pelycypoda; M ontacutidae) is im portan t in cha rac ­
terising the m acrofaunal com munity at each  station. 
Stn 4 has high ab u n d a n ce s  of both species, as do Stns 5 
and  1 to a lesser extent.

Environm ental variables

Ordination  by PCA (Fig. 8) of the environm enta l data 
(Table 4) shows tha t Stns 4 and  5 cluster separate ly  
from stations outside the disposal site, and  also tha t Stn 
1 is different from other stations. MDS ordinations of 
av e rag ed  ab u n d a n ce s  (Fig. 8) all indicate an  impact at 
Stns 4 and  5. Correlations (Table 5) be tw e en  the 
environm enta l and  biotic matrices underly ing  the ordi­
nations in Fig. 8 w ere  significant (p < 0.01) be tw een  
matrices derived from environm enta l data, nem atode  
da ta  from grab  subsamples, and  macrofauna, all s a m ­
ples taken  from Day grabs. W hereas  the correlation 
be tw e en  nem atode  data  from Craib cores an d  the 
environm enta l matrix was not significant (p = 0.09)

Fig. 8. Ordination by PCA 
of environmental variables, 
and by MDS of averaged 
abundances from Stns 1 to 
7. Environmental variables 
log(l+N) transformed nem a­
todes and macrofauna fourth- 
root transformed, copepods 

square-root transformed

ENVIRONMENTAL VARIABLES. 
LOG( I+V) TRANSFORMED

4 S

NEMATODES, CRAIBS. 
STRESS = 0  02

NEMATODES. GRABS, 
STRESS = 0.01

COPEPODS. CRAIBS. 
STRESS = 0  0!

MACROFAL'NA. GRABS, 
STRESS = 0  01
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Table 4. Concentrations (pg g 1 dry weight) of heavy metals and values of other environmental variables at Stns 1 to 7.
C%: % organic carbon; N%: % organic nitrogen; % s/c: % silt/clay

Stn Cd Cr Cu Hg Ni Pb Zn C% N% % s/c

I 0.16 79 53 1.44 32 209 331 3.01 0.4 7.00
2 0.26 69 45 1.25 30 103 171 2.45 0.27 6.07
3 0.35 69 46 1.42 30 97 155 2.41 0.28 9.58
4 0.65 94 74 2.62 30 136 372 2.58 0.27 33.39
5 0.68 96 76 2.42 31 141 424 2.8 0.29 82.57
6 0.40 66 43 1.47 26 90 163 2.16 0.25 8.11
7 0.28 57 43 1.04 22 87 152 1.85 0.22 7.50

the correlation b e tw e en  copepod  data  from Craib 
cores and  the environm enta l matrix was marginally  so 
(p = 0.05).

In a s tandard  product-m om ent correlation analysis,  
of all the m easu red  environm enta l variables, only Cr 
and  Cu are  highly corre la ted  (>0.95). Thus all the  vari­
ables w ere  used  in the BIO-ENV analyses, the results 
of which are sum m arised  in Table 6. The h ighest cor­
relation show n for the fourth-root transformed n e m a ­
tode a b u n d a n ce  data  from Craib core samples is 0.743, 
with the variable % silt/clay, indicating that of the 
environm enta l variables m e asu red  sed im ent com posi­
tion, or some variable corre la ted  with it, is most im por­
tan t in influencing changes  in com munity structure at 
this site. Adding further variables deg rades  the co rre ­
lation. Fourth-root transform ed nem atode  a b u n d a n ce  
data  from Day g rab  subsam ples  show a h ighest cor­
relation of 0.779, with a combination  of 3 variables, 
% silt/clay, Cd and  Pb.

The results for square-root transform ed copepod  
ab u n d a n c e  data  show a h ighest correlation value  of 
0.661 with 7 variables, Cd, Cr, Cu, Hg, Ni, Zn and 
% silt/clay, bu t  removal of different combinations of 
variables does not greatly  d eg ra d e  the correlation, 
suggesting  tha t the relationships b e tw e en  copepod  
com munity s tructure and  individual variables are  
generally  w eak . Fourth-root transform ed m acrofauna  
a b u n d a n ce  da ta  show h igh  correlations with env iron ­
m en ta l  variables, the  h ighes t  be in g  0.935 with H g and

Table 5. Spearman rank correlations (p) between the 
Euclidean distance matrix denved from environmental 
variables [log(l+N) transformed] and similarity matrices d e ­
rived from transformed biotic data. Nematode and macro­
fauna data fourth-root transformed, copepod data square- 

root transformed

P P

Nematodes (Craibs) 0.38 0.09
Nematodes (grabs) 0.59 <0.01
Copepods 0.42 0.05
Macrofauna 0.77 <0.01

Zn. Various other com binations of variables  with Hg 
and  Zn also give high correla tions (>0.9), suggesting  
tha t  these  m etals  are  hav ing  an  elfect on m acrofaunal 
com m unity  s tructure  at this site. The fact tha t there  
w ere  so few samples, only 7, grea tly  reduces  the  pow er 
of all these  techniques,  and  h igh  correlations should be 
v iew ed  with caution.

DISCUSSION

Whilst m eioben th ic  com m unities a re  sensitive to 
an th ropogen ic  inputs to the m arine  env ironm ent (Coull 
& C hand le r  1992) it has  long b ee n  recogn ised  tha t the 
s tructure  of the  sed im ent is a major factor influencing 
m eioben th ic  com m unity  s truc tu re  (Warwick & B uch­
an a n  1970, H eip  et al. 1985, Coull 1988). A lthough  the 
species as sem blages  in sandy  and  m uddy  substra ta  are  
usually  different, there  are  no consistent d ifferences 
in diversity in und is tu rbed  habi ta ts  (Coull & F leeger  
1977), in d e ed  it has  b ee n  su g g e s ted  tha t com parable  
diversities can be an t ic ipated  in shallow sed im en tary  
b iotopes w orld-w ide (Coull 1988). C h a n g e  in sed im ent 
s tructure  within an  area  m ay be expec ted  to per tu rb  
m eiobenth ic  com m unity  structure. At the Liverpool 
Bay d redg ings  disposal site, a l though  n em ato d e  a b u n ­
d an c e  in Craib core sam ples  is not significantly 
reduced ,  the re  is a m a rk e d  ch a n g e  in com m unity  
s truc tu re  a t  Stns 4 and  5, w ith in  the  disposal site. The 
majority of univaria te  values  are  low er and  the n e m a ­
tode com m unity  is m ore highly  dom ina ted  and  less 
diverse. The n em ato d e  com m unity  w ithin the disposal 
site is dom ina ted  by species typical of m u d d ie r  sed i­
m en ts  such as Sabatieria p u n c ta ta , S. brevise ta  and  
D aptonem a tenuisp icu lum , ra the r  than  the sandy 
sed im en t species such as R habdodem ania  major, 
Richtersia inaequa lis  and  S. celtica  w hich  are  a b u n ­
d an t  outside the disposal site. Tietjen (1980), in a study 
of sublittoral n em ato d e  com m unities in the N ew  York 
Bight (USA) apex  found tha t  the com m unity  of species 
in m ed ium  sands w as sensitive to e leva ted  loadings of 
m etals  an d /o r  organic carbon, and  tha t  sufficiently 
h igh  concentra tions of these  result in reductions in
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Table 6. Summary of results from BIO-ENV. Combinations of variables, k  at a time, giving the highest rank correlations between 
biotic and abiotic similarity matrices. Nematode and macrofauna fourth-root transformed, copepod data square-root transformed, 
abiotic variables log(l-t-iV) transformed. Bold values: highest correlations. -: lower correlations omitted from the table; % s/c:

% silt/clay

k Best variable combinations

Nematodes, Craibs 
1 % s/c 

0.743
Cd
0.564

Hg
0.564

-

2 % s/c, Cd 
0.617

% s/c, Cu 
0.562

-

3 % s/c, Cd, Zn 
0.591

-

Nematodes, qrabs 
1 Cd

0.537
Zn
0.464

-

2 % s/c, Pb 
0.717

% s/c, N% 
0.663

% s/c, Cd 
0.647

-

3 % s/c. Cd, Pb 
0.779

% s/c, Cd, N% 
0.708

% s/c, Cd, Cu 
0.688

% s/c, Zn, N% 
0.684

-

4 % s/c, Cd, Pb, Zn 
0.745

% s/c, Cd, Zn, N% 
0.716

% s/c, Cd, Cu, Pb 
0.695

-

Cope pods, Craibs 
1 Cr

0.613
Cu
0.552

-

2 Cr, Cu 
0.632

Cr, Hg 
0.607

Hg, Zn 
0.606

-

3 Cd, Cr, Zn 
0.637

% s/c, Ni, Zn 
0.614

Cr, Cu, Hg 
0.61

-

4 % s/c, Hg, Ni, Zn 
0.653

% s/c, Cu, Ni, Zn 
0.647

% s/c, Cr, Ni, Zn 
0.636

-

7 Cd, Cr, Cu, Hg, Ni, Zn, % s/c 
0.661

-

Macrofauna 
1 Cd

0.803
Cu
0.797

Zn
0,775

-

2 Hg, Zn
0.935

Hg, Cu 
0.886

Hg, Cr 
0.864

Cu, Cr 
0.863

-

3 Hg, Cr, Zn 
0.924

Hg, Cu, Zn 
0.91

% s/c, Cr, Zn 
0.895

-

4 Cd, Cr, Hg, Zn 
0.921

% s/c, Cr, Hg, Zn 
0.914

Cr, Cu, Hg, Zn 
0.912

a b u n d a n c e s  of species of C hrom adoridae ,  D esm odori­
d ae  an d  M onoposth idae  and  increased  ab u n d a n ce s  of 
species norm ally  associa ted  with  finer sediments,  
especially  Sabatieria pu lchra  (Comesomatidae).  In our 
exper ience  S. pulchra  is an in tertidal species, and  
other species of the S. pulchra  g roup  (Platt 1985) tend  
to occur in sublittoral situations (Platt & W arwick 
1988), but w hichever  species in the group  it was, Tiet- 
jen 's  results closely com plem en t the  results of the p r e ­
sen t  study.

The p resence  of dense  agg rega t ions  of the large 
n em a to d e  M etoncho la im us scanicus  (Oncholaimidae) 
at stations outside the  disposal site m ay be ev idence of

d is turbance result ing from the disposal of dredgings. 
Indicator species can be of 2 types (Moore & Bett 1989). 
The first are those taxa which flourish in d is turbed 
situations but which are  rare e lsewhere ,  such as large 
oncholaimid nem atodes of the genus  Pontonem a  
w hich  m ay becom e enormously  a b u n d a n t  in sublittoral 
sed im ents  u nder  conditions of strong particula te  
organic enrichment. M etoncho la im us  species are  often 
a b u n d a n t  in situations w here  d is tu rbance is not n e c e s ­
sarily associated with organic enrichment. Although 
oncholaimids are  la rge and  have considerable buccal 
a rm a tu re  their trophic rela tionships are  largely a 
m atte r  for conjecture. U ptake  of dissolved organic
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m atter  has been  repor ted  for 2 species of oncholaimid, 
Pontonem a vulgare  (Chia & Warwick 1969) and  A d o n ­
cholaim us tha lassophygas  (Lopez et al. 1979). For the 
la tter species it was suggested  that ha tched  juveniles 
derive nutrients primarily from dissolved organic 
m atter  re leased  by microbial activity and  that adults 
reta in  this ability but supp lem ent their diet by 
scavenging  and  predation . It may be this ability that 
allows oncholaimids to thrive in disturbed and  heavily 
enr iched  areas. The second type of indicator are 
species which are often com mon in unpollu ted  s i tua­
tions bu t  which persist as dom inants  in species-poor, 
polluted meiofaunal communities. Species of the 
Sabatieria pu lchra  g roup  ap p e a r  to fit this category  in 
sublittoral sands and  sandy muds. As norm al inhab i­
tants  of muds, w h ere  they tend  to inhabit  d ee p er  
layers, they are p rea d ap te d  to survive decreased  
oxygen concentra tions and  high organic loadings and  
sulphide concentrations (Wieser & Kanwisher 1961) 
an d  therefore to persist, even  to thrive, u nder  condi­
tions normally restrictive for other nem atodes,  e s p e ­
cially species that occur in w ell-oxygenated  sands.

The copepod  com munity th roughou t the  transect is 
impoverished, and  in some samples only the d o m ­
inant species, Canuella perp lexa , was present.  This 
accounts, in the main, for the lack of sensitivity in 
analyses of these data, but even w ithout showing a 
clear response pa t te rns  in copepod com munity s truc­
ture are significantly corre la ted  with those show n by 
other com ponents  of the benthos.

Analyses of m acrofaunal ab u n d a n ce  da ta  indicate 
changes  in community s tructure in response  to d r e d g ­
ings disposal, but the response is more complex than 
that of the nem atodes.  H igh ab u n d a n ce  (A) and  low 
diversity (H' )  and  evenness  (J) indicate a response at 
Stn 4. H igh num bers  of Lagis koreni, a species known 
to thrive in such conditions, are  present.  Low species 
num bers  (S) and  richness (d) also indicate a response 
at Stn 5. Multivariate analyses clearly separa te  both 
stations from the rest, but there  is also ev idence of an 
impact at Stn 1.

Deliberate  corers, such as the Craib corer, are  g e n e r ­
ally rec o m m en d e d  for sublittoral m eiofauna studies. 
The in tercomparisons be tw e en  the similarity matrices 
derived  from the biotic ab u n d a n ce  data  are  in teresting 
in this respect.  Significant relationships in community 
s tructure  w ere  found be tw e en  meiofauna, both  n e m a ­
todes and  copepods, collected by m eans  of the Craib 
corer, and  m acrofauna collected using a Day grab, but 
not b e tw e en  m eiofauna collected by subsam pling  from 
the Day g rab  and  other com ponents  of the benthos. 
This implies that the m ethod  of sam pling  alters the 
perce ived  pa t te rn  of impact, and  therefore using an 
appropr ia te  sampling device is im portan t  in studies 
concerned  with the details of benthic  com m unity  struc­

ture. Conversely, of all the com ponents  of the benthos 
sampled, only those sam pled  by Day g rab  show ed  
significant correlations with the overall pa t te rn  in env i­
ronm enta l  variables, derived  from surface scrapes also 
taken  from Day grabs. It may be that both of these 
f indings result from some bias result ing  from the 
m echanics  of the Day grab, such as a failure of the grab  
to adequa te ly  sam ple  the surface layer of the sediment. 
The fact that the re  w as only 1 environm enta l  sam ple 
from each  station, and  that the biotic data  w ere  av e r ­
aged, reduces  the pow er  of these  techniques,  and  high 
correlations should  be  v iew ed with caution, though  the 
striking similarity of the correspond ing  MDS plots 
(Fig. 8) is a reassu ring  sa feguard  that the re  are  real 
links h e re  to in terpret.  T aking  subsam ples  from grab  
samples, however, p resen ts  practical ad v a n ta g es  to 
m any  scientists concerned  with monitoring d ischarges 
to the m arine  environm ent.  G rabs are  widely avail­
able, generally  reliable, and  personne l are  familiar 
with their use. A lthough  H ' and  J  did not vary  signifi­
cantly, non -param etr ic  m ultivariate analyses of n e m a ­
tode ab u n d a n c e  da ta  from Day g rab  subsam ples  in this 
study indicated  a response  to d redg ings  disposal,  but 
restricted to Stn 5. Thus  it m ay be possible, in surveys 
w here  the goal is simply to de tec t  a response without 
exam ining  in too m uch  detail the n a tu re  of that 
response, to obta in  useful results using  a less a p p ro p r i­
ate sampler. It should also be borne in mind, however, 
that these  sam ples  w ere  collected in shallow w ate r  and  
calm conditions, conditions which should favour g rab  
sam pling

Multivariate ana lyses  of changes  in com munity 
s tructure  of the com ponents  of the ben thos indicate 
tha t they are  all affected  by the disposal of d red g e d  
material, but d ifferent com ponents  of the ben thos 
ap p e a r  to be  affected  by d redg ings  disposal at this site 
in d ifferent ways. C h a n g es  in n em ato d e  com m unity  
s tructure in Craib cores are  not closely corre la ted  with 
the overall pa t te rn  of m e asu red  env ironm enta l  var i­
ables, bu t  are re la ted  to ch anges  in sed im en t com ­
position or with som e factor highly co rre la ted  with 
this. O ther  factors, such as physical d istu rbance ,  are 
ex trem ely  difficult to quantify, but ch anges  in n e m a ­
tode community s tructure are  restricted to stations 
within the disposal site, suggesting  tha t the observed  
response is l inked to the ongoing  disposal of d r e d g ­
ings. Analysis of the m e asu red  env ironm enta l  vari­
ables suggests  tha t some sort of pollution even t had  
im pacted  Stn 1 at some time, as concentra tions of some 
metals w ere  relatively high, a l though  the  % silt/clay in 
the sed im ent was not, and  a response to this w as ev i­
den t in analyses of the  m acrofauna  data. Thus this 
study lends w eigh t to the view that,  owing to their 
relative longevity, effects of previous events  m ay be 
visible in m acrofauna  com munity s tructure  for some
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time, and  tha t m acro fauna  and  m eiofauna thus provide 
different but com plem enta ry  types of information, 
indicating  tha t both should be used  in m arine  pollution 
m onitoring p rog ram m es (Heip 1992).
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