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The purpose of the present study was to assess the relationship between sediment composition and
biological community structure in mixed sands and gravel deposits of the eastern English Channel.
Although some species are clearly associated with particular sediment types, the results confirm the lack
of correspondence between community composition of the benthos and particle size distribution in
unconsolidated sand and gravel deposits. The results also suggest that sample-to-sample variability
commonly recorded in the species composition of macrofauna may reflect significant under-sampling by
conventional grab sampling techniques. The implications of this for environmental monitoring and

impact studies 1s discussed.

INTRODUCTION

Surveys of the nature and distribution of benthic
communities that inhabit sand and gravel deposits of the
English Channel include those of Holme (1961, 1966) and
Cabioch (1968). More recent work in the eastern English
Channel includes that of Holme & Wilson (1985), Rees
(1987), Sanvicente-Anorve et al. (1996) and Kenny (1998).

The relationship between sediment characteristics and
community structure has also been widely studied in
other coastal deposits including the Bristol Channel
(Warwick & Davies, 1977), the Irish Sea (Rees & Walker,
1991; Mackie et al., 1995; Hensley, 1996), and western
English Channel (Parry et al., 1999). These studies, as
well as those in the North Sea and elsewhere, show that
in deep waters or sheltered areas there is a good correla-
tion between sediment type and community composition
(Dankers & Buekema, 1981; Salzwedel et al., 1985
Kinitzer et al., 1992; Mackie et al., 1995; van Dalfsen et al.,
2000). In other studies, however, there is little correspon-
dence (Buchanan, 1963; Day et al., 1971; Duineveld & van
Noort, 1990; Kenny, 1998; Seiderer & Newell, 1999).

Holme & Wilson (1985) suggested that in shallow
waters of the English Channel the nature of faunal assem-
blages was related to the degree of disturbance by tidal
scour and seasonal events, rather than directly to sedi-
ment composition itself. Tidal current speed has also been
implicated in control of community structure elsewhere in
coastal deposits including the English Channel (Cabioch,
1968), the Bristol Channel (Warwick & Uncles, 1980),
and coastal deposits of the North Sea and eastern Irish
Sea by Rees et al. (1999). Such factors are likely to
account for the lack of close correspondence between
biological communities and particle size composition in
shallow water deposits on the Hastings Shingle Bank by
Kenny (1998) or in sands and gravels of the southern
North Sea (Seiderer & Newell, 1999) where intermittent
disturbance by storms prevents the establishment of a
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long-term equilibrium between sediment composition and
biological community structure.

The following study was carried out to determine the
relationship  between benthic  biological
composition and sediment composition in mixed sands
and gravels that characterize seabed deposits of the
eastern English Channel. The results are used to assess
the extent to which the well-known sample-to-sample
variability in the species composition of the macrobenthos
of gravels and sands is a reflection of under-sampling by
standard grab sampling techniques.

community

MATERIALS AND METHODS
Sampling strategy and extraction of the benthos

Samples of sediment were taken by means of a 0.2 m?
Hamon grab at a series of 44 sampling stations to the
north and west of the Varne shoal, approximately 9km
south of Folkestone, Kent in April 1996. The sampling
method is that used in many studies of the benthos of
gravels and sands, and has the advantage that loss of
material that commonly occurs through the jaws of other
types of grabs is minimized (Holme & Maclntyre, 1984;
Sips & Waardenburg, 1989). Use of a conventional 0.2 m?
Hamon grab in our survey of the benthos of gravels and
sands allows strict comparison of the data with those
obtained in other surveys of coastal deposits elsewhere.

Positions were fixed with a Sercel NR103 Differential
Global Positioning System (dGPS). Samples were released
from the grab into a plastic tray, from which sub-samples
of sediment were removed and placed in sealed plastic
bags for subsequent analysis of particle size. Sediment
samples were wet-sieved to estimate the percentage of
<63 um (silt+clay) fraction. The coarser fractions were
dry-sieved over the range 16,000 um down to 64 um.

The volume of the residual sediment (generally approxi-
mately 14 litres) was then measured and the material
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preserved in formalin for subsequent elution through a
I-mm mesh sieve, and the fauna was separated for subse-
quent identification and analysis. This process of elution
was repeated three times, and the residual sand, stones
and shell were sorted by inspection. Any samples with
encrusting biota were then removed and placed in alcohol
together with the material separated by elution through
the 1-mm mesh sieve.

This separation process was repeated for all samples
and the material analysed for taxonomic composition
(number of species, ), for number of individuals of each
taxon (V) and for biomass (B) of the main faunal groups.
Biomass was estimated from the blotted wet weight using
conversion factors for the major faunal groups from
Eleftheriou & Basford (1989), and expressed as grams
ash-free dry weight (AFDW).

The complete data set, including a list of taxa
recorded, the numbers of individuals of each taxon
and the biomass of macrofauna recorded at each
sampling site is available on the following web site:-
www.marineecologicalsurveys.co.uk

Statistical analysis

Non-parametric multivariate analysis of community
structure as described by Field et al. (1982) and by Clarke
& Warwick (1994) has been used for both the sediment
and biotic data obtained in our survey of the benthos of
sands and gravel deposits of the eastern English Channel.
This procedure is available in the software package
PRIMER (Plymouth Routines in Multivariate Ecological
Research) and has been widely used in other studies of
benthic community structure in European waters. In all a
total of 44 stations was used for multivariate analysis of
community structure.

Biotic data were linked to particle size composition of
the sediments using the approach of Clarke & Ainsworth
(1993; see also Clarke & Warwick, 1994). The BIO-ENV
procedure within the PRIMER program allows matching
of community structure of the biota with environmental
factors, in this case particle size composition of the sedi-
ments. Different combinations of sediment variables were
considered at increasing levels of complexity (i.e. £ vari-
ables at a time, where £=1,23...0) to obtain best
matches of biological and environmental similarity
matrices for each £ as measured by weighted Spearman
rank correlation (p,,).

RESULTS
Nature and distribution of the sediments

Most of the stations sampled were found to have a rela-
tively high proportion of medium sand, with coarser
deposits occurring in the central and north-eastern parts
of the survey area. The near shore sediments, in contrast,
had a high proportion of fine sand and in the case of
station 5 were dominated by mobile silts. A group
average sorting dendrogram showing the percentage
similarity of the particle size composition of the sediments
at each of the 44 stations in the survey area at which sedi-
ment samples were obtained is shown in Figure 1. The
corresponding two-dimensional multidimensional scaling
(MDS) ordination is shown in Figure 2.

Journal of the Marine Biological Association of the United Kingdom (2001)

https://doi.org/10.1017/50025315401003344 Published online by Cambridge University Press

Both of these methods of analysis show that the sedi-
ments in the survey area are best regarded as comprising
four main groups. The groups are quite distinct from one
another, and stations within each group are linked by a
high level of internal similarity of approximately 80%.
This high level of similarity within groups of coastal
sediments is similar to that reported for the Hastings
Shingle Bank to the west of our survey area by Kenny
(1998). Similar results have been obtained in a survey
that we carried out in the southern North Sea off Orford
Ness, Suffolk (Seiderer & Newell, 1999). The distinction
between the four sediment groups in the survey area is
emphasized by the clear separation in the MDS ordina-
tion shown in Figure 2.

Figure 3 shows that sediments belonging to group 1
occupy the central part of the survey area. Group 2
sediments lie in isolated patches to the east. Group 3
sediments comprise fine silty sands in the near shore part
of the survey area whilst group 4 sediments border the
deeper waters on the east of the survey area.

Abundance and variety of macrofauna

The macrofauna (>Imm) was dominated by
Cnidaria, Polychaeta, Crustacea, Mollusca and Bryozoa.
The species variety recorded from the survey area as a
whole was rich compared with a similar survey that we
carried out in the southern North Sea off Orford Ness,
Suffolk. A total of as many as 343 taxa, representing at
least 150 Families was recorded from the sediments off
Folkestone compared with only 222 taxa comprising 121
Families in the southern North Sea off Orford Ness
(Seiderer & Newell, 1999).
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Figure 1. Group average sorting dendrogram showing the
percentage similarity of the particle size composition at each
of 44 stations sampled in April 1996.
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Relatively low values for species variety have also
recently been recorded for macrofaunal assemblages in
muddy sands and gravels of the western English Channel
near Plymouth by Parry et al. (1999). They recorded a
total of 185 taxa at sites that included coastal deposits
and the Eddystone. The relatively high species variety of

(Stress = 0.08)

Figure 2. Two dimensional MDS-ordination for the particle
size composition at each of the 44 stations sampled in April
1996.
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343 taxa that we have recorded in coastal deposits of the
eastern English Channel in the West Varne survey supports
the results of Kenny (1998) who recorded as many as 303
taxa from sediments of the Hastings Shingle Bank.

The population density and species variety recorded
from the grab samples was very variable throughout the
survey area. The maximum population density was as
high as 3425 individuals per 0.2m? at station 6, and the
minimum was only five individuals per 0.2 m? at station
10. The mean population density (P) for the survey area
as a whole was 610.2 individuals (SD 777.6) per 0.2 m?
Hamon grab sample. Similarly the number of species (S)
showed considerable variation from a maximum of as
many as 94 species at station 7, to a minimum of five
species at station 10. The average taxonomic diversity for
the survey area as a whole was 37.6 (SD 24.8) species, a
value that compares with 39-49 species per replicate grab
sample of 0.1m? recorded for coastal deposits to the west
of Plymouth (Parry et al., 1999).

Values for the biomass (B) also showed considerable
variations. A maximum of 23.51g AFDW per 0.2 m? was
recorded from station 50 and a minimum of 0.0lg
AFDW from station 10. The average for the survey area
as a whole was 2.2 g AFDW (SD 3.78) per 0.2 m>

Community composition

A group average sorting dendrogram showing the
percentage similarity of the macrofauna at 44 of the
stations sampled is shown in Figure 4. The corresponding
two-dimensional MDS ordination i1s shown in Figure 5.
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Figure 3. Map of the survey area showing the distribution of the sediment groups identified by multivariate techniques. Based

on Figures 1 & 2.

Journal of the Marine Biological Association of the United Kingdom (2001)

https://doi.org/10.1017/50025315401003344 Published online by Cambridge University Press


https://doi.org/10.1017/S0025315401003344

4 R.C.Newelletal. Animal:sediment relationships

288

caRoBENERERRERY

b i

Py
e b

..l

BER55ED

" .
r T T T +

10 20 30 40 650 60 70 @80 90 100

BRAY-CURTIS SIMILARITY

Figure 4. Group average sorting dendrogram showing the
percentage similarity of the macrofauna at each of 44 stations
sampled in April 1996.

Essentially the biological communities comprise a major
group A, a small group B community, a large group C
community and a small group D community. These
faunal groups, or communities are well-separated on the
MDS ordination which shows a stress level of only 0.17.
This suggests that the faunal groups are highly distinct.

It is clear from the similarity dendrogram shown in
Figure 4, however, that the internal similarity between
the faunal assemblages at each of the sampling stations
was low. Variability between community composition of
macrobenthos samples has also been recorded in deposits
of the Hastings Shingle Bank by Kenny (1998) and in a
survey of the benthos of sands and gravels in the southern
North Sea off Orford Ness by Seiderer & Newell (1999).
A probable explanation for this station-to-station varia-
bility is discussed below.

The distribution of the main communities of macro-
benthos in the survey area is shown in Figure 6. From
this it 1s clear that the group A community occurs in
deposits at the north-east and south-west of the survey
area. Community B inhabits the fine deposits of near
shore stations whilst the group C community occupies
the deposits of the central part of the survey area.
Finally the small Group D community occupies deposits
on the eastern boundary of the survey area.
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Figure 5. Two dimensional MDS-ordination for the
macrofauna at each of the 44 stations sampled in April 1996.

Relation between particle size composition and distribution of benthos

The relation between sediment composition and the
four main faunal groups identified by multivariate
analysis 1s summarized in Figure 7. This shows values for
the relative percentages of large particles >16,000 um,
gravel, sand and silt in the samples. These data have been
superimposed on to the MDS plots for macrobenthic
communities in the deposits. It is clear that there is some
general correspondence between the type of deposit and
the biological communities recorded in our survey. There
is also a clear association between particular species and
deposit type.

Figure 7 shows that the group A macrobenthic commu-
nity is associated with sands, gravels and pebbles. In
contrast, the group B community is associated mainly
with deposits that contain significant proportions of sand
and silt. The group C community is associated with
sandy gravels whilst the group D community is associated
mainly with sands. Figure 7 also shows that the polychaete
Sabellaria spinulosa is mainly confined to the group A
community and is associated with coarse gravels and
sands. In contrast, the amphipod Ampelisca tenuicornis is
confined to the group B community and is associated with
fine silty deposits.

Despite the general association between the fauna in
the survey area and coarseness of the deposits, the
distribution of macrobenthic communities shown in
Figure 6 and that for the sediments (Figure 3) show no
clear correspondence. The relationship between sediment
composition and biological community structure is
summarized in Table 1. This shows the combinations of
sediment particle size distribution that yield the best
matches of faunal and sediment similarity matrices. The
weighted Spearman rank correlation (p,) for the
group A faunal community and coarser particles from
250-2000 um was 0.441, but all other groups of macro-
benthos showed a much lower correlation with particle
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Figure 6. Map of the survey area showing the distribution of the macrofaunal communities identified by multivariate

techniques. Based on Figures 4 & 5.

odC

Figure 7. Relationship between the four major macrofaunal groups and type of deposit. The occurrence of Sabellaria sp. and

Ampelisca sp. within the main faunal communities identified in Figures 4 & 5 is also shown.
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Table 1. The optimum combinations of environmental variables yielding the best matches of environmental similarity matrices for
benthic faunal groups and sediment composition, as measured by weighted Spearman rank correlation p,,.

Faunal groups Variables

A+B+C+D Particle size class
Per cent composition
A Particle size class
Per cent composition
B (Too few stations)
c Particle size class
Per cent composition
D (Too few stations)

Optimum variable combinations Po

8000 um, 250 um, 125 pm 0.175
% silt, % sand, % gravel 0.156
2000 um, 1000 um, 500 um, 250 um 0.441
% sand 0.227
<63 um 0.174
% silt 0.174

Particle size classes: >16,000 um, 16,000-8000 gm, 8000-4000 um, 4000-2000 gm, 2000-1000 um, 1000-500 pm, 500-250 pm,
250125 um, 125-63 pum, <63 um; percentage composition: % silt, % sand, % gravel.

size distribution of 0.156-0.227. This implies that factors
other than particle size composition are mainly respon-
sible for macrobenthic community composition in the
sands and gravels of the survey area.

Biological community structure

Differences in distribution of numbers of individuals
among the species that comprise benthic communities
can be illustrated by means of distribution plots such as
k-dominance curves (see Lambshead et al., 1983
Warwick, 1993). Figure 8 shows a series of k-dominance
curves plotted for the macrofauna in the four sediment
groups identified by multivariate analysis of particle size
distribution in the deposits (Figures 1 & 2).

This shows that the gravels comprising group 1 deposits
in the central part of the survey area support a large
variety of macrofauna comprising almost 300 taxa. The
relative contribution of each species to the overall popula-
tion density is relatively even throughout the entire
spectrum of species. Deposits in the group 2 sediments
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Figure 8. k-dominance curves for the macrofauna in the four
sediment groups identified by multi-variate analysis of particle
size distribution (see Figures 1 & 2).
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are characterized by a macrobenthic community that has
fewer taxa in total, but the contribution of each species to
the overall population density is also relatively even
throughout the species spectrum.

The group 4 deposits have a similar species variety to
the group 2 deposits, but in this case there is increasing
dominance by a few species. Figure 8 shows that one species
(Balanus crenatus) contributes >40% of the population of
the group 2 deposits, three species (Balanus crenatus, Nephthys
currosa and Sprophanes bombyx) >50% and over 70% of the
population by less than ten of the total of the approxi-
mately 60 species present.

Finally, the fine silty sands represented by the near
shore group 3 deposits also have a relatively high
macrofaunal species complement of approximately 40
taxa. But in this case >80% of the population is repre-
sented by one species (Ampelisca tenuicornis) recorded at
station 5. A high dominance by one or a few species is
characteristic of mobile deposits and has been used as an
index of both natural disturbance and the impact of man
on benthic biological communities (see Warwick, 1993;
Clarke & Warwick, 1994).

Implications for benthic sampling strategies

Figure 9 shows a series of ‘species discovery curves’ for
the macrofauna in sediment groups 3, 4, 2 & 1. The
species recorded have been plotted as a cumulative curve
showing the additional taxa recorded in a series of
samples that comprise each group of sediments shown
in Figures 1 & 2. The samples have been arranged in
decreasing order of additional species discovered in
deposits comprising the fine silts and mud of the group 3
deposits, the mixed sands and stones of sediment groups 4
& 2 and the gravels of sediment group 1.

Figure 9 shows that the total number of species, as
judged from the point at which no further taxa were
discovered despite further replicate samples, is as high as
80 even in the muddy sands of the survey area. This is
comparable with data recently reported for muddy
coastal sediments at Jennycliff Bay and Cawsand Bay
near Plymouth, Devon by Parry et al. (1999). The corre-
sponding values in the sands and gravels of the groups 2
& 4 deposits was 60-70 taxa. In contrast, the coarser
gravel deposits supported a total species complement of as
many as 320 taxa, probably reflecting the increased
habitat complexity of coarser gravel deposits.
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Figure 9. Cumulative ‘species discovery curves’ for the macrofauna in the four sediment groups identified by multi-variate
analysis of particle size distribution (see Figures 1 & 2). Note that the curve for sediment group 3 has not reached an asymptote

and is therefore an estimate.

The number of replicate samples required to identify
80% of the taxa that actually occur in the deposits is
clearly related to sediment type. In the case of fine silts
and muds that are dominated by one or a few taxa, only
2-3 replicate samples of 0.2 m? are required to discover at
least 80% of the species present in the deposits even if the
species complement is as high as 80 taxa. Recalculation
of the data from Parry et al. (1999) suggest that approxi-
mately three replicate samples would also be required to
define 80% of the species complement in muddy coastal
deposits in the western English Channel.

Where the sediments support a community whose
population has a more even species distribution, as in the
case of sediment group 2 (see Figure 8), more replicate
samples are required to establish 80% of the taxa in the
sample, even though the total taxa recorded was lower
than in ecither the muds or sands of groups 3 & 4
sediments. Clearly, both taxonomic diversity and the
distribution of species within the population, affect the
number of samples required to identify at least 80% of
the taxa present in the deposits.

Finally, in sands and gravels comprising the group 1
sediments there 1s a combination of both a very high
taxonomic diversity and a relatively even representation
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of the component species in the population. In this case
at least ten replicates are evidently required to satis-
factorily identify 80% of the taxonomic diversity in the
sediments.

DISCUSSION

The results that have been cited above show that the
data for particle size composition of the sediments fall
into well-defined groups that show a high level of internal
similarity between stations in any one group. In contrast,
whilst the data for samples of macrobenthos also fall into
well-defined groups or communities, there is considerable
sample-to-sample variability in species numbers (S),
population density (V) and biomass (B). Similar results
have been obtained for gravel and sand deposits off
Hastings, Kent by Kenny (1998) and off Orford Ness,
Suffolk (Seiderer & Newell, 1999).

A probable explanation for the clear separation of the
macrofaunal groups that occurs despite the variability of
the samples used in the multivariate analysis of commu-
nity composition, is that there is a high degree of
‘redundancy’ in the species that characterize community
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composition (Clarke & Warwick, 1998). Gray et al.
(1988) showed, for example, that ordinations for macro-
benthic community structure at six stations in Frierfjord,
Norway, were similar to the results for the entire species
complement even when only 20% of the species, selected
at random, were used in the analyses. Each of the single
samples taken evidently contains sufficient taxa to define
the community from which the sample was taken, despite
the under-sampling incurred by use of a 0.2m? Hamon
grab in the complex communities of macrobenthos that
occur in coastal gravel deposits (see also Whitlatch, 1981;
Morse et al., 1985).

Our results support the view that a high diversity of
species that are uniformly represented in the population
may lead to serious under-sampling of the macrofauna by
conventional methods such as the 0.2m? Hamon grab
commonly used in benthic surveys of sands and gravels.
Estimates of species numbers, population density, biomass
and indices that depend directly on these are likely to be
heavily dependent on the number of replicate samples
taken, the type of deposit, the number of taxa present the
distribution of species within the population and probably
the size of grab sample taken (see also Warwick & Clarke,
1995, 1996).

The conclusion from our survey of the macrobenthos of
sands and gravels off Folkestone, Kent is that multivariate
analyses of community composition are evidently robust,
and give a clear separation of faunal groups based on
single samples, despite variability in the data between
stations 1n the survey area. However, several subsamples
are evidently required for assessment of indices that
depend on species composition and distribution of species
within the macrobenthic population. The results show
that at least three replicate samples with a conventional
0.2 m? Hamon grab are required to obtain a satisfactory
assessment of the species composition of the macro-
benthos of sands and muds, but ten or more replicates are
required for gravels.

We are grateful to Mr Graham Singleton of South Coast
Shipping, Southampton, for permission to cite the data reported
here.
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