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Two complementary surveys of the benthos around the United Kingdom coastline and
offshore are described. The first sampled the macroinfauna by day grab at several
stations around the England and Wales coastline as part of a wider interdisciplinary
assessment of environmental quality by the regulatory authorities. The second sampled
the epifauna with a small beam traw! at the grab stations, and at several additional
stations, most of which were in the central and southern North Sea.

Similar infaunal asserablages were encountered on both the eastern and western UK
coasts in comparable environmental conditions. Tidal current velocity and sediment
characteristics accounted for a significant amount of the observed variability in species
richness and densities. There was no evidence of any adverse effects on these measures
of assemblage structure arising from trace metal contamination of sediments.

Coastal influences (proximity to large estuaries), depth, tidal current velocity, and
temperature all helped to explain the distribution of epifaunal assemblages. However,
sediment type appeared to be the main structuring force, with a coarser component to
samples collected from the north and west of the survey area, i.e, especially around the
UK coastline, supporting a much wider variety of sessile taxa.

Grab sumples provide unambiguously quantitative data which can be easily linked
with seditment type within the small unit area of the sample. Trawls provide integrated
samples of the fauna over a much larger area. However, both the design of the trawl,
and inherent uncertainties over its sampling efficiency, determine that the survey
results are “operationally defined”, and consistency in sampling procedures is
essential, especially for the analysis of temporal trends.

There is a need to provide better working descriptions of the environment along
trawl tows where sediments sre variable; a combination of acoustic methods and
underwater photograpy may be most suitable.
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Introduction

In 1990, several stations in the North Sea and English
Channel were established by the North Sea Task Force
(NSTF) for sampling water, sediments, and biota to
generate new information on the concentrations of con-
taminants and the “well-being” of biological systems, as
a contribution to a Quality Status Report for an inter-
national North Sea Conference held at ministerial level
%n 19‘{5 (NSTF, 1993). In United Kingdom waters, this
initiative was paralleled by the establishment of a
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National Monitoring Programme (NM.P ) Whlci} tg
date, has involved the coordinated sampling of (‘)‘ns by
“estuarine”, “intermediate”, and “offshore” Statl?luﬁ on
the regulatory agencies (Anon., 1994 Marine P‘;
Monitoring Management Group, 1998)- Severa it
stations in the western North Sea area correspol
the earlier NSTF programme. - £ Agr
In studies funded by the UK Minsiry g tre o
culture, Fisheries, and Food (MAFF), the CenSciel’tCe
Environment, Fisheries, and Aquaculture

s e along
(CEFAS) undertook sampling at NSTF stations
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the English east coast and offshore, and at ‘“‘inter-
mediate” and “offshore” NMP stations around the
coastline of England and Wales. As a component of
these programmes, the benthic macrofauna was sampled
by day grab. At all these and at some additional stations,
samples of the epifauna were also collected using a small
beam trawl. Although the latter group, which includes
starlfi§h, crabs, and shrimps, is likely to be the most
familiar to non-specialisis and has an important role in
the marine food chain (e.g. Collie er al., 1997), it has
received much less scientific attention than the infauna,
lgrgely due to sampling difficulties. The present survey
almed. to redress the balance by providing an insight into
the distribution and relative abundance of epifaunal
taxa over a much wider geographical range than has
previously been attempted in surveys of benthic
populations around the UK coastline.

Effgrts to describe and interpret variability in the
benthic f.auna over large geographical areas date back to
the classic studies of Petersen and co-workers in Danish
waters (e.g. Petersen, 1918), though few have been
conducted on scales approaching whole seas. In the
North Sea, recent examples of the latter include, for the
;gfaqna, the work of Eleftheriou and Basford (1989) and
(lggétzer etal (1?92) and, for the epifauna, Dyer et al.
Noo ), Fravenheim ez al. (1989), Duineveld and van
. tt (1990), and Jennings et al. (1999). The fauna of
N g;{ seictors of the English Channel has been described
Cztbi Oﬁne (1961, 1966) and, on the French side, by
recen(;c and 09-workers .(e.g. Cabioch, 1968). A more
o evaluation of _d1versity across the eastern-
conectlzzrtinoihtehel9]371(;g11§h Qhannel, based upon data
et . (199) s, is given by Sanvicente-Anove
Sef‘;r:epargd with the.: North Sea, coverage of western
m011uscacsi' Is more llmlted. Hartley (1979) described
Sen o istributions in Fhe central and northern Celtic
by »Frenl ; a more .exten§1ve'dredge survey in this region
presenﬂc and. Irish scientists between 1977 and 1983
Cabiochy remains largely unreported (B. Ball and L.
dEScribegi peﬁs. comm.). Warwick .and Davies (1977)
Channi td e ben.thlc communities of the Bristol
and o ifaan Mackie et al. (1995) reported on infaunal
Irish é)ea U}I{’lal surveys of a proportion of the southern
maps of 'th ees (1987) and Maf:kie et al. (1995) provide
whole althe infaunal cornmu_mties of the Irish Sea as a
intErpZ)Iat‘ ough these contain a significant element of
setnpy 1C1>{n as they were not derived from systematic
have coil ees and Walker (1991) and Hensley (1996)
e avpns u;ted surveys of the benthic fauna over exten-

A fon of the NE and NW Irish Sea, respectively.

5 wel aure of most of the ep.lfaunal surveys cited above,
SUbstratas a numbe{ of the infaunal surveys of coarser
which 1]s the variety of §ampling methods employed,
ats ]IEZhec udes a standardized synthesis of the available
- The present survey employed standard methods
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over a wider geographical area around the UK coastline
than has hitherto been attempted, allowing a more
informative statement to be made about spatial trends in
the fauna in relation to environmental variability,

Methods

Field sampling

Day grabs

During April and May 1993, and in February and May
1994, samples of the benthic macrofauna were collected
from MAFF research vessels at each of 25 “inter-
mediate” and “offshore” stations around the England
and Wales coastline, following the guidelines of the
NMP (Anon., 1994; see also Fig. 1). One station in the
SW Approaches (S48) was sampled in December 1992,
ie. outside the recommended February to May sampling
window, but this offshore, deep-water environment was
included as a clean-water “reference” point. (An attempt
to sample S48 in February 1994 had to be abandoned
due to bad weather.) An additional station off the Tees
Estuary was sampled to provide information on the
shallow coastal environment in this area.

At each location, five sediment samples for macro-
fauna analysis were collected using a 0.1 m? day grab
from the central point of a 500 m grid of 9 stations, the
latter being sampled for contaminant analyses only.
The five replicates were collected from within a 100 m
range ring, using SEXTANT software and DGPS
position-fixing.

The depth of sediment in the closed jaws of the grab
was determined, as an indication of sample volume,
Very small samples (i.e. less than about 5 cm depth) were
discarded. A visual description of the sediment type was
recorded, together with the location and times at which
the sample was collected, and the prevailing sea state,
wind strength, and water depth. A small subsample for
sediment particle size analysis was removed using a 2 cm
diameter perspex corer inserted to @ depth of about
5cm. The contents of the grab were transferred to a
hopper, and gently washed over a 1 mum mesh brass
sieve. The retained material was preserved for analysis in
5% formaldehyde in seawater with added Rose Bengal.

Beam trawls )
Samples were obtained by MAFF research vessels from

69 stations between 1992 and 1996 (Fig. 1.

A standard 2m Lowestoft beam trawl (Riley et al.,
1986) with a 3 mm mesh codend liner was deployed
for 5-10 min across each station at a speed of about
0.5m s-!. The “start” (locking of winch following
seabed contact) and “end” {commencement of hauling)
positions were recorded. Tow length averaged about
400 m, but varied substantially {s.d.=290) depending on
tidal current velocity and wind strength at the time of
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Figure 1. Location of 2-m beam trawl stations.
UK National Monitoring Programme are encircled.

e s Y e

sampling. On retrieval of the trawl, an estimate of
sample volume was made, along with a summary of the
contents, noting especially the presence of stones, rock,
etc. The sample was then sorted on deck over a 5 mm
mesh sieve. Most specimens were identified and enumer-
ated at sea. Any problematic specimens were preserved
in formalin for identification on land.

The presence of infaunal organisms arising from the
fouling of soft sediments was noted. as were occurrences
of pelagic species such as jellyfish. However, these
records were excluded from the final compilation of the
data. The former included most polychaete worms (with
the exception of encrusting forms such as Subellariq and
Filograna, and surface-dwelling specimens within the
family Aphroditidae), bivalve molluscs (excepting taxa
with a surface-dwelling habit such as Chlamys and
Modiolus), and burrowing echinoderms such as
Echinocardium and Amphiurg, In the following account,
the faunal data are reported as numbers per tow, i.e.
unadjusted for tow length.

wELT

— 60°N

= 50°

1
5°E

Those also sampled by day grab off the England and Wales coastline as part of the

Laboratory analysis

Infauna and sediments

The macrofauna was identified to species level, as far 45
possible, with the use of a range of standard taxonor.mC
keys. All animals were enumerated, with the exception
of colonial organisms which were recorded on ?
presence/absence basis. Nomenclature followed that ©
Howson (1987). The biomass of each taxon was deter-
mined as wet blotted weight, and then expressed 2113
ash-free dry weight using conversion factors mafnly
from Rumobhr et al. (1987).

For particle size analyses, sediment subsamples W?fe
first wet sieved at 500 microns. The > 500 micron fractlog
was then dry-sieved at half-phi intervals, and t.he <50
fraction analysed using a Coulter LS130 laser sizef-

Percentage organic carbon and nitrogen were deter%
mined using a CHN analyser, following exposuré ©
sediment samples to fumes of concentrated HCl in order
to dissolve carbonates.
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Table 1. Ranked descriptor of substratum type.

Code Description Rank
M Mud 1
IS\%I(VSI; I\S/Iandy mud 2
uddy sand 3
S Sand 4
S(Sh) Shelly sand 5
G(S) Sandy gravel 6
G(Sh) Shelly gravel 7
G Gravel 8

.Concer.ltrations of a range of trace metals were deter-
mined using an inductively-coupled plasma spectrometer
or (for mercury) a cold-vapour atomic fluorescence
spectrometer, following digestion of whole-sediment
extracts (<2 mm) using hydrofluoric acid/nitric acid
(Jones and Laslett, 1994).

As well as following “in-house” quality-control
procedures, staff responsible for processing the NMP
macFo'fauna . and sediment samples also actively
Iéagthpated in the UK National Marine Biological and
N emical Analytical Quality Control Schemes, which

ere established to ensure consistency in the generation
of NMP data from all sources.

Epifauna
x;’;‘;: ifaXa; not dealt wit}% at sea were identified to
dard taere » 88 far as possible, using a range of stan-
Howes onomic keys. Nomenclature followed that of
n (1987).
iy ;‘3 Z‘i‘gﬁeflt descriptor of the Predominant subs.tra'ul.lm
of record§ r?wl tows was derived .from.a combination
Sediments f0 trawl contents, pgrtlcle size .analyses' of
from AdeOIin grabs where available, a}ld information
crude indiclra ty Chart?. (Table 1). Whilst useful as a
marics ato'r of sediment “coarseness”, these sum-
were inadequate to categorize Some of the

admi )
Di IXtures encountered, e.g. gravel and mud (see
1scussion).

Data treatment

::ﬁ;f;;fg thanalyses of particle size distributions
Tnter-rel e fOrrpulae of Folk and Ward.(1957)..
(log_transfatlonshlps between the followmng variables
in the d f[ered, where necessary, to reduce skewness
moment ata) were cxamined using Pearson product
* Da COrrelauon.coeﬁ'iments:
(my §TlabS: maximum spring tidal current strength
Win'fe ) from Admiralty data, depth (m), average
Leo ar surface-water temperature and salinity frf)m
diam;: Ramster (1981.); latitude, longitude, medlan
— er (mm), sorting coefficient, o, silt/clay,
mbers of taxa 0.1 m~2, numbers of individuals
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0.lm~% g AFDW biomass 0.1 m~2, Hlog,

(Shannon and Weaver, 1949), evenness (Pielou,

1966), % organic carbon and nitrogen, and concen-

trations in mg kg~ of a range of trace metals in

sediments (As, Cd, Cr, Cu, Hg, Ni, Pb, and Zn).

Biological and sediment variables were averaged

across the five samples (nine in the case of trace metal

determinations) taken at each station. No data were
available on trace metal concentrations and organic

content at two stations, and on organic content at a

further four stations;

e Beam trawls: maximum spring tidal current strength
(m s™Y, depth (m), average winter surface-water
temperature and salinity, latitude, longitude, sedi-
ment type (1-8, see Table 1), tow length (m), numbers
of taxa and numbers of individuals pet trawl tow.
Average surface-water temperature and salinity in

winter (February) were selected because only limited
seabed data were available, especially for the western
UK coast (Lee and Ramster, 1981). However, Lee and
Ramster (1981) noted that differences in temperature
between surface and bottom over most of the North and
Irish Seas are minimal in winter. They also note the
more conservative nature of salinity relative to tempera-
ture, with only very small differences in values between
winter and summer both at the surface and at the
seabed, and the similarity in distributional trends
between surface and bottom, for the area covered by the
present study.

Multivariate classification analysis was conducted on
log-transformed quantitative infaunal data using the
Bray-Curtis similarity measure (Bray and Curtis, 1957)
and group-average sorting (Lance and Williams, 1967).
Epifaunal data were analysed on 4 presence/absence
basis. Relationships between the ranked dissimilarity
matrices for the infaunal and epifaunal data and differ-

ent combinations of environmental vatiables were exarni-
and

ined using the method  described by Clark
Ainsworth (1993): subsets which best explained the
biological variability were identified by the highest

correlation coefficients (Pw)-

Results

Infauna from day grabs

Four-hundred and thirty taxa were identified. consisting
of 186 polychactes. 112 crustaceans, 76 molluscs, 19
echinoderms, and 37 in the category “other groups’-
Figure 2 provides an indication of spatial variability in
the range and densities of taxa encountered at NMP
stations, and in the prevailing sediment type. Stations
in the easternmost part of the English Channel and
southern North Sea off the Thames, and within the
Bristol Channel, supported a very sparse fauna associ-
ated with medium sandy sediments. Highest diversities
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were generally encountered off the NE and SW English
Coast, across a range of median particle sizes. Densjties
were also relatively high at most of these stations, and in
coastal waters off Morecambe Bay, NW England.

A correlation matrix for a range of biological and
environmental variables is given in Table 2. Concen-
trations of trace metals are all relatively low at the
coastal and offshore stations examined here (Rowlatt
and Lovell, 1994;  Marine Pollution Monitoring
Management Group, 1998). With the exception of Ag
and Cd, the metals are strongly positively correlated
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: . . o - : nitoring
particle size of (a) sediments, (b) numbers of infaunal taxa, and (c) densities 0.1 m 2 at National Mo
ns,

with each other, with percentage organic Caﬂ?on ag:
nitrogen and, in turn, with measures of particle :Ia-
(sorting coefficient and percentage silt/clay). Corer
tions between a number of metals, notably' Qr and o d
and biological measures (numbers of individuals .
taxa 0.1 m ~?) are also positive. Trends in metal conc .
trations are therefore best explained by variation g
sediment characteristics, or some other factors ass_ocs
ated with this variaton. The positive correlatmx;S
between these concentrations and biological measur}s
indicate that contamination by trace metals at the level
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numbersag;unst sedxmex‘lt2 sorting coefficients (a, b), and average

nembers o taxa 0.1 m ™2 against the maximum spring rates at
tby locations, derived from Admiralty data (c).

_e;lCOuntered in the present survey has no adverse effects.
here_Were no significant relationships between As, Cd,
and biological measures.

.Measures of particle size are significantly correlated
z:il g;e primary biological measures, especially in the
taxa (T sorting coefficient vs. numbers and. densities of
fit 10 tible 2). Power curves (y=cx”) provided a better
thice v ese data [Fig. 3(a)(b)] la}rgely on account of
s dimeﬁry sparsely populated stations with well—sgrt'ed
of this t near the origin of each plot. The f:haracterxstlf:s
felationgmup of stations are further descrﬂ?ed below, in
als t? the outcome of cluster analysis. There are

0 relatively strong negative correlations between
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biological measures, particularly numbers of taxa. and
current speed [Table 2 and Fig. 3(c)]. The latter is also
correlated with the median diameter of sediments,
Measures of diversity (H'log, and evenness) were nega-
tively correlated with longitude, ie, diversity tends to
increase in a westerly direction. This may be explained
by coincident trends in depth, rather than suggesting any
biogeographical influence (see Table 2). There were no
significant relationships between biological variables
and percentage organic carbon, winter temperature, and
salinity.

Relationships between physical measures and bio-
logical variation were also explored using the method of
Clarke and Ainsworth (1993). The highest correlation
(p»=0.64) arose from a combination of four variables:
maximum spring tidal current strength (0.41), median
diameter (0.40), longitude (0.18), and sorting coefficient
(0.23). These are listed in rank order of their contri-
butions to ascending best-variable combinations, and
the figures in parentheses are correlation coefficients for
each variable when tested singly against the biological
data.

The correlation analyses therefore suggest that the
predominant influence on benthic populations is that of
tidal current strength (expressed in terms of maximum
spring rate), mediated to a lesser degree through
variation in sediment particle size.

Six assemblages were identified from cluster analysis
of log-transformed quantitative data (Figs 4 and 5). It
is evident from Figure 5 that, where environmentul
conditions are comparable, a similar benthic fauna can
develop irrespective of geographical location, The faunal
affinity of certain inshore and offshore sundy or muddy
sand stations (e.g. groups C and E in Fig. 5) finds a
parallel in the outcome of epifaunal analysis (below),
Thus there is little evidence from this analysis of bio-
geographical constraints on the disposition of ussern-
blage types A and C-E, or of a pronounced inshore/
offshore dichotomy, although this is not to imply that all
component species are cosmopolitan in their distribution
within the survey area. Assemblage B, associated with
coarser deposits, is confined to the English Channel and
western approaches, while assemblage ¥ comprises a
discrete group of offshore medium sandy stations in the
eastern Irish Sea (Fig. 5).

The main characteristics of these assemblages are
summarized in Table 3. The groups have little in com-
mon in terms of the dominant taxa, reflecting the
relatively Jow lIevels of similarity at which they are
linked. Previously identified trends in relation to
environmental variables are exemplified by the contrast
between clusters A and D, Stations within the former,
located in areas of relatively high tidal current velocity,
support a very impoverished fauna characterized by the
presence of the polychaete Ophelia borealis, a typical
inhabitant of mobile sandy sediments {e.g. Vanosmael
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Figure 4. D,
stations, Sixe‘;dmgram output from clustqr analysis of the log-transformed macrofauna data at National Monitoring Programme
ssemblage types have been identified, at various levels of similarity.

Eén‘gl;;iolifz)f- Stations within the latter group, under
— of lower tidal current velocity and generally
a5 well g :1;1 support a n}gch higher diversity of species
more siaty nhanced densities and biomass, indicative of
R e substrata.
faun(;rl (;tfl%e{tf:luster groups in_ Table 3, it is clear that
enVironmené lles bet\?vgen stations can occur although
example ﬂfll al conditions may be very different. For
Channe t € coarse sand assemblage within the English
occurs o] W}’gﬂlied by the dominant taxa of group B,
differont tidl Ie ¥ varying fiepths a'nd under substantially
in the o al current regimes which, in turn, is reflected
Simila obsge Of' total numbers ‘of taxa encountered.
help 1 . ;r;'a_tlons apply espemglly t(? group E, and
Detween unip am why the rela.nons.hxps established
Menta stgy Vaﬂat.e measures of }tylologlcal and environ-
identifiog fus at individual stations are not so readily
Singler(;m'the output of 'cluster analysis.

the Humbes ation representative of coarser deposits off
aﬁinity it ; ftzlsltuary (D/E in Tab'le 3, since it has closest
and distinet: €se groups: see Elg. 5), supported a rich
the reef~bu‘1w? fauna characterized by the presence of

ilding polychaete Sabellaria spinulosa. The

development of such reefs, typically on gravelly sub-
strata with strong tidal flow, provides a stable platform
for colonization by a wide variety of species (see, e.g.
George and Warwick, 1985). Strictly, such an assem-
blage could be defined as epifaunal, even though the
habitat presented is clearly svitable for both “infaunal”
and epifaunal colonizers (see Table 3).

Epifauna from beam trawls

Sediments

Sampling stations in the southern North Sea were
characteristically sandy in nature [Fig. 6(a)]. Sand and
mud in varying proportions were associated with
stations in inner Liverpool and Morecambe Bays
(northwest England) and off the Tyne (northeast
England). Deeper-water samples in the northwestern
North Sea had an appreciable gravel component
(although the prevailing sediment type is, in parts, finer:
see Discussion), as did those in coastal waters off eastern
England, where coarse deposits are widespread. Samples
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Figure 3. Grouping of National Monitoring Programme stat;
outcome of cluster analysis of macrofauna data (see Fig, 4).

from the English Channe], Celtic, and Irigh Seas were
also predominantly gravelly in natyre

ajor groups
» Molluscs, and
Crustaceans were dominant, with hydrojds and fish also

(about 30%) were single OcCcurrences,

A comparison of Figure 6(a) and
the Noreh Sea, higher Numbers of
associated with coarser substrata o
Survey area, apg along parts of the

(b) shows that, in
1axa tend to pe
the north of the

castern English
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0° 5°E

. ing to the
ons around the England and Wales coastline according

. lish
coastline, Elsewhere, gravelly substrata in cha];:tn galso
Channel and adjacent 1o the western UK fsity. The
supported g generally high epifaunal dive

) . is more
distribution of animal densities [Figure 6(c)] is f

: 15
even across the survey area, although very hlghgﬁ:ﬁ;for
Were occasionally encountered at insyore locatflmy .an q
example, in the German Bight, leerpOOIb ittle star
Solway Firth, dense populations of the br
Ophiura were sampled. nd

PStatistical re]atignships between numbers (')fotsﬁir?tal
individuals ber trawl and a range of envin analysis
variables were explored through corzelation rrelation
(Table 5). There was a significant positive co! bers of
between sediment “coarseness” and .Iog l-lun‘i;ith log
taxa, apnd g significant negative relationship pacits
densities. The former may be explained by thft;hment
of the mixed gravelly aregs to provido more addy areds
points and refuges, compared with uniform m;"i,r muddy
[see Fig. 6(b)]. The latter reflects a capacity hore near
sand oy muddy deposits, especially close 11(115 Sities 0
' major estuaries, to support very high e;lig 6(c).
Common species such as brittle-stars.{see égative
which, in turn, accounts for the significant n

!
!

1
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t type (a), numbers of epifaunal
rawl tow.

Table 4. Numbers of epifaunal taxa allocated to each major
faunal group (a); top 10 ranked taxa in terms of frequency of
occurrence in trawls (b).

() No. of
Group taxa
Bryozoa 80
Mollusca 66
Crustacea 62
Hydrozoa 43
Pisces 40
Porifera 36
Echinodermata 26
Anthozoa 24
Ascidiacea 23
Other groups 14
Total 414
(b) Frequency
Taxon (max=69)
Paguridae 64
Asterias rubens 57
Ophiura spp. 48
Liocarcinus holsatus 47
Crangon allmani 45
Gobiidae 45
Hydrallmania falcatq 43
Balanus crenatus 43
Electra pilosa 42
Flustra foliacea 40

relationship between counts, water depths, and salinity
(Table 5),

A significant negative correlation between numbers of
taxa and longitude (i.e. numbers tend to increas; in a
westerly direction) appears to be largely a function of
coincident trends in temperature, depth, and, tf’ a
degree, substratum type. There was also a discernible
underlying trend towards increased winter surface-
temperature in a north-south direction which, along
with substratum type, might help to explain a compar-
able, but less pronounced, trend in numbers of taxa.
There was no significant correlation between faunal
measures and maximum spring tidal current strengﬂ‘"
despite a significant positive correlation between this
variable and sediment “coarseness”, and a significant
negative correlation with latitude. A weak (non-
significant) positive relationship between numbe{S of
taxa and current velocity (p=0.054) contrasts with 2
significant negative relationship between the two for
infaunal data (see above).

Relationships between epifaunal and environmental
data were further examined using the procedure'Of
Clarke and Ainsworth (1993). Maximum correlatlorf
(P»=0.47) arose from a combination of five variables:
latitude (0.30), sediment type (0.29), log depth (0.27).
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Table 5. Correlation matrix for biological and environmental variables at 2-m beam trawl stations (n=69). Significance levels:

*0,05-0.01; #*0.01-0.001; ***<0.001.

Current
speed

Log
depth  Temperature

Salinity Latitude

Sediment
type

Log tow
length

Log
taxa

Log

Longitude counts

Current speed

Log depth —0.26*

Temperature n.s. 0.61%+*

Salinity n.s. 0.48%%* 0.61%**

Latitude — 0.44%%* n.s. — 0. 47%%* ns
Longitude —0.25* —0.41%k — (5% n.s‘
Sediment type 0.37%* n.s. 0.36%* n'sl
Log tow length n.s. ns. n.s. n.s.
Log taxa n.s. 0.34%* 0.51%%* n:s:
Log counts .S, —0.31* ns. — (.46%**

—0.24*% —0.29*
n.s. —0.25% n.s.

—-0.25% —047FF  (.51%F* n.s.
n.s. n.s. — . 44%%* n.s.

maximum spring tidal current strength (0.14), and
wmter. temperature (0.26). These are listed in rank order
of t'helr contributions to ascending best-variable combi-
nat1on§, and the figures in parentheses are correlation
Coeﬂif:lents for each variable when tested singly against
the t?lf)logical data. As was the case with numbers and
flen&tles of taxa (Table 5), there was no significant
mﬂuenc:e of tow length (p,,= — 0.01).

Multivariate classification analysis of presence/
%bsence data identified eight faunal assemblages (Fig. 7).
W?t;ses bﬁoadly correspond with differences associated
describlédSt'ratum type, and' are therefore most easily
nized ot in these terms (F1.g. 3), .although it is recog-
will rc at subcluste_rs, especlglly within groups 7 and 8,
distribp:'ly further. 1nvest1gat1.on in relation to species
b utions. A plogeographlcal influence is suggested

¥, &.g. the distinction between a “NW North Sea”
irl;’lzﬁ and a “W Channel/W Coast” group, both of
Sample:r;[ characterized by a gravelly comppnent to
areas) c‘o owever, oth_er grouplngs‘(especially in coastal
graphicalnipnsgd statlc?ns frqm widely separated geo-
fod™: ocations. Six stations rerpained “unclassi-
COnta:inedey lan': generally located' inshore, typically
intermed; Te _atlvely few taxa and, in four cases, were

Avers 1ate in character to other major cluster groups.
(Table 6%6 numbers of taxa for each cIus?er group
e show that there is a trend of increasing
major g thth' mcrgagng sediment “coa'rseness”, the
COmponeS mction arising from an appreciable gravelly
the Tablnt to samples in the four groups at the base qf
nantly S‘a&d]'.,owest numbers were found in predomi-
and hi hn y areas of .the southern North Sea (group 4)
mainlyg Oef;t numbers in a “stony ground” assemblage,
Sroupy o t’:he western UK. coast (group 8). Cluster
quuenﬂan e fur?her characterized in terms of Fhe most
of sessiley occurring taxa .(Table 6). The contgbutlons
o hight &Eld mot{le species to these lists again serves

ctormms ight the importance of substratum type In
ming the character of epifaunal assemblages.

Offshore stations in the North Sea are grouped into
three regions. The southern part supports a relatively
sparse epifauna characteristic of sandy substrata, with
limited scope for the establishment of sessile species.
Indeed, of the 12 most frequently occurring taxa
(Table 6, group 4), the only sessile species is the hydroid
Hydractinia echinata, which was recorded as an epi-
growth on the shells of hermit crabs, which are them-
selves motile. The central part encompasses the
relatively shallow Dogger Bank area. Sediments here are
slightly muddier in nature and, while still lacking an
appreciable gravel component, have the capacity to
support marginally greater numbers of sessile taxa than
sandy stations to the south. The epifauna shares simi~
Jarities with comparable nearshore muddy sand sub-
strata in the German Bight and eastern Irish Sea (Fig. 8
and Table 6, group 5). Finally, samples from the deeper
northetn parts were more gravelly in nature, allowing
colonization by a wider array of attached species. As 2
result, higher numbers of taxa are found here. compared
with offshore stations to the south [Fig. 6(b)], and there
is a more equitable balance between sessile and motile
species among the most frequently occuiring taxa
(Table 6, group 1).

Towards the NE English coast, muddier sediments
prevail, and these are characterized by the presence of
Nephrops norvegicus, and a reduced frequency of occur-
rence of sessile species (group 2 in Table 6). These
conditions are mitrored in a station in the Celtic Deep
off the western UK coast which was linked with the NE
group.

Influences associated with estuarine efflux are evident
at nearshore sites off the estuaries of the Elbe/Weser,
Thames and Tees, within the Wash, Bristol Channel,
and Morecambe Bay, and off Belfast Lough where a
comparable “estuarine” fauna is encountered (Fig. 8).
The assemblage is notable for the frequent occurrence of
the brown shrimp Crangon crangon and the pink shrimp
Pandalus montagui (Table 6, group 7), both of which are
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Figure 7. Outcome of cluster analysis of Ppresence/absence data for the epifauna from 2-m beam trawls.

commonly encountered within estuaries as well as
coastal waters, Numbers of taxa at these stations are
similar to those in the Dogger Bank areq.

Elsewhere, gravelly samples collected off the south

frequencies (and densities) of Pandalys montagui and
Crangon allmani in an “E Channel/E Coast” gravelly
cluster (Table 6, group 6) suggested that these stationg
are more subject to coastal influences than the predomi-
nantly offshore stations on the western side. This was
also supported by the close affinity of this group with the
“estuarine™ assemblage, in the dendrogram output from
cluster analysis (Fig, 7).

Another coarse ground cluster (defined as “stony” in
Fig. 8) comprises stations which are widely separated

Highest numbers of taxa generally occurred Wxthlslzsts}l};:
group, the most frequently ocurring being largely o
forms, especially hydroids and bryozoans (Ta
group 8).

Discussion

This is the first time that a survey employing St?;‘:ﬁ:
methods to sample the subtidal infauna and FPII ale
has been conducted over such a wide geographica forc
around the UK coastline, and the data should tg?::cted
provide a valuable “baseline” for future work st
at these groups. The epifaunal survey hélS_Pal;f <hote
value for community classification, espemally ino e
areas, where recent information is relatively sp

e.8. Doody ef al., 1993), d
( Ingultivar}iIate analysis of the infaunal data hshs‘;‘;”teer
that groups of similar stations associated wit e
substrata were common to both the eastern .and W et
UK coasts. Both sediment sorting and tidal (;?;-ec
Strengths are usefyl expressions of the dyl.lamlc nalation'
the local physica} environment, and significant revideﬂf
ships with numbers and densities of taxa Yvere € e of
(see Fig, 3). Thus the degree of physical a’lsz‘urbll;lrticle
sediments expressed in these terms, as well as p iy
size alone ag 3 “static” descriptor of habitat
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1. NW North Sea gravelly
(Neptunea antiqua/Colus gracilis)
2. Muddy
(Nephrops norvegicus)
3, W Channel/W Coast gravelly

(Adamsic carciniopados
Psgmmechinus miliaris)

4. \
N o e imande imanda)

= Nearshore Muddy Sand/

Figure 8. T N
. Th P .
e distribution of epifaunal assemblages derived from cluster analysis of prese

provi o

the l‘.‘li:t(; aTCﬁ_nvmcu{g eXplanation of broad trends in
Warwick'andg finding 1s comparable with that of
fauna of the B Jncles (1980) who linked variability in the
from tidal curnStOl Cl}annel to bed shear stresses arising
the critical rent action. Cabioch (1968) also identified
distribution lt{n g ortance of tidal influences on the
mediated thro enth{c species in the English Channel,
istics, parti ough their effects on substratum character-

, particulate transport and water MXing.

distincti
ve ta; . .
xa (or combinations of taxa) among those most frequently occur
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N7

A
58
E Channel/E Coast gravell
6. % (Vesicularia .'31.7irwsa%r Y
Aleyonidium diaphanum)
7 Estuarine
’ - (Pandalus montaguil
Crangon erangon)
Ston;

Ly
(Abietinaria abietinal
Aleyonidium mytili)

[:] Unclassified

ncefabsence data. Where possible,
ring are also listed against cluster type.

Too few stations were occupied in the North Sed
to delineate patterns in the distribution of infaunal
assemblage types compatable with those detived from
the 1986 ICES North Sea benthos survey {Kunitzer

ot al., 1992), which also incorporated earlier data for

the northern part (Eleftheriou and Basford, 1989). The

survey design comprised 2 grid of stations across the

whote North Sea, but the nearshore environment along

the English cast coast, where the majority of NMP



H. L. Rees et al.

242

(SL-€9) ¥9 (55-€%) 6v {oL-9v) 8§ (1L-67) 0§ (1D %86) Bxel JO
Jequinu s8RIoAY
L L 3 9 sajdures Jo zequinN
S vsodusos puvpednsg
[« DSAFULLY DI2ADYIST
S yudw wmpnodogy 9 smnoap0s SoALr
S pouinga visu) 9 smpvsnioug smyppuvondg | SLIDIIM SRUIYDSULUDS
S appmuouy 9 vorsavydspuaypud]ly 4 avpmuouy
¢ wnuyddziz pwoisoyisy) 9 DIOUNUOp Sa1AgNS | -dds pipodosovpy
< appLnSvg |/ Suaqnd SoLISYy |, SHppH2I SHuvDg S aDPUGOD
S punagy PLPURAGY [ syvi8 snjo)y sopupdompind viswwpy G vaovyof vasnpy
[ v3upads vjjaodiyy  / vnbiup voumday |/ wnpIsp wnodajy < vsourds pumn21sa 4
9 vaoviof vasnly | ovpLndvd g dds panydp ¢ wnuvydpip wngmodopy
9 avpyndisg | npyudias snipan0s oAy ¢ -dds vipodosnpy
9 vpvonf vuvugApsEy wmoSy wnodoly g aopndog appLnEng
L vupssaadny vrvnpisg [ vppuno? PUPOvIPAL ampyndiss ¢ vwapnf D pAp ARy
u ALuoig,, u Aeaeid oS YHON MN,, u | Ajjeaeid 120D mAPuUUBYD M, U ATj0ARIB 15RO H/PUUBYD T,
:g dnoxp :1 dnoip ¢ dnoin :9 dnoin
(6¢-L2) €€ (Lg-50) 1€ (15-07) s¢ (sz-61) 2 (1O %s6) ¥xw1 jo
Jsquiny sFeioay
€1 01 ¥ 6 sapdures Jo Jsquiny
L PAA] SHUKUOID,Y
8 wnamy wmpIssoSng z dds punpydey
8 vad] smuluoyip)d L SUuIGNL SPUIAISY
8 sppinSati ustosdosisy L uOBUDLY UOBUDLY
8 vsopud DRI L Wiy woBUDLY
o1 uoSUPL UOSUPLY  § papon vuposydy ¢ Sppndoy uatdadoalsy g winany wnpssopsng
o1 smuad> Snuppg  § mwopf vuvuapdEH svpLndng 8 vpuBus BPUDILY
1 vuissaadno vravpnies vIvunes vMyIvIpAH  § sunBandou sdoaydayy g puLaIn] snssopBonsy
Z1 mBvpuow SHIPpUDY 6 SISOy SHUIIADICKT iy wo8upiD 8 DIDUIYIS DIMIIIVIPALT
£1 suagna SDLFISY O] -dds nanydg oI pEposydy g aBPNYOD
£1 vsopd w23l O} Sysgnl SOLIISY ¥ wsonxay vapauory 6 SIDS{OY SHUIARIOIT
€1 appLndng 9] opunSog ¥ mpopof vrwwgripsSE 6 snprndog
u . DuLIenIsy,, u | yueg 1350Q/puss Appnus JIOYSIVON,, U PPN, u APUBS ¥3g YUON §,,
3 dnoany ¢ duoty 2 dnosd ‘¢ dnoiry

-ssquiny sjdwes (#1031 ays asoqe sradde (u) saouaLmsoo Jo ssaquiny ‘dnos yors o1 Juoonlpe uwnos s uy paySydny
218 YOIyM “BYR] S]ISSIS JO UONNQLIUOD 3y} 01 Suipioror 14Ty wonog o1 yoj do1 woiy auanbos wi paxues 21w sdnoxny -1 sdnoad 1aisnp w wxey Supmoso Apuanbaly 5o 9 9qeL



Benthic biodiversity in the North Sea, English Channel, and Celtic Seas

stations were located, was not adequately covered.
Nevertheless, some parallels are evident. For example,
the two southern stations within group A of Figure 5
appear to represent extireme manifestations of the
‘relauvely species-poor assemblage Ia in this area (Fig. 4
in Kunitzer et al., 1992), characterized by coarser sedi-
ments in depths generally less than 30 m. The northern-
most station within group D of Figure 5 has affinities
with the finer-sediment assemblage ITIa of Kunitzer
et al. (1992), occupying deeper water of 70-100 m adja-
cent to this coastline, which has also been described by
Buchanan et al. (1978).

Par.allels with groups C and E are less easy to draw,
es}?ec121.11y as stations within the latter group cross the
!antu‘dmal and depth boundaries for assemblage types
identified by Kunitzer et al. (1992). Counterparts of
North Sea assemblage types C and E are associated with
msh.ore sediments of the Irish Sea, where they share
altrﬂ_)\_ltes of the “shallow Vemus” and Abra com-
munities, described in these areas by Mackie et al.
5(1995).;, The description of an “Abra alba—Pectinaria
( _?;%né community for the eastern Bay of Seine
asséz‘ 2}(11:162 f’l" }997) also matches the fauna frequently
Oﬂ'shla e Wlt'h inshore muddy sands of the Irish Sea.
prisinore medmrp sapdy statior{s in the Irish Sea (com-
Venus% group F in Fxg. 5) fall within the zone of a “deep
o commul_nty mtersper?ed among areas of hard
Species’ according to Mackie et al. (1995), and the
e l(%(;mpleme:nt is broadly consistent with this defi-
Eﬂgiis'h Ce}rinents of the fauna of group B stations in the
et annel and western approaches, for example,
pusilzgs sence of ) th‘e green sea urchin Echinocyamus
- few’ are als.o' 1nd1?,at1ve of coarser deposits, but there
who emsnlmlarmes with the work of Holme (1961, 1996),
and ployed an Anchor dredge for seabed sampling,

| concentrated only on the larger mollusc and
echinoderm species.
prg:::tcelitrgnons of trace metals in sediments from the
evidemes uf y were relatively low, and there was 1o
Futues WO ;lny' ad.verse effects on the benthic fauna.
trends i gr \yill include an evaluation c3f temporal
which sho ell(lithlc.gopulatlons at 1fepresentat1ve stations,
oot arilf facilitate the detection of any more subtle
at presemsmg' frO{n anthropogenic activities. However,
SUbsicin ,itis ev1dent'that any contaminant effects are
overall fsy to nat\_lral' mi?uences in accounting for the
interny d‘patlal distribution of assemblage types at

v ediate and offshore NMP stations.
fevezgletévanate analysis of the epifaunal data .a'lso
mearaba; number of similar assemblages inhab;t}ng
range ot the environments across the large geograph§C31
factors, < € hSurvgy area. In other cases, biogeographical
south ajmc?c as increasing winter temperatures to tl:xe
the oo 1we:st, probably contributed to differences 1m
although plement of species between assemblages,

gh intercorrelation among many of the environ-
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¥nenta1 variables under consideration complicates the
identification of causal influences. Nevertheless, sub-
st;atum type appeared to be the main structuring force,
with significantly enhanced diversity on coarser ground,
as would be expected given the scope for colonization of
this more complex habitat by 4 wider array of sessile
species. Thus sandy areas of the southern North Sea
were relatively impoverished, while samples with an
enhanced gravelly or stony component generally
supported the richest assemblages.

Inshore, the outflow from major estuaries was also an
influential factor, with a distinctive assemblage type
developing, irrespective of geographical location.
Nearby muddy sand locations in the inner German
Bight and NE Irish Sea were characterized by high
densities of the brittle-star Ophiura, which matched the
carlier findings of Riese and Bartsch (1990) and Rees
et al. (1992), respectively, and indicates an enhanced
food supply at these locations.

Within the English Channel, the distinction between
a western and eastern gravelly fauna broadly corre-
sponds with the boundary for “W Channel” species
identified by Holme (1966, and may be linked to the
west—east transition from deeper, stratified to shal-
Jower, mixed waters, From the results of photographic
and acoustic surveys of the seabed, Holme and Wilson
(1985) highlighted the importance of 1idally-induced
sand transport in determining the structure of benthic
assemblages at 4 predominantly coarse-ground location
SW of the Isle of Wight. Different successional states
in the fauna encountered over short distances could be
explained by the degree of abrasion or overburden.
Species largely characteristic of “gyb-climax” assem-
blage types were frequently encountered in Channel
trawl samples duting the present study, but the rela-
tively large tow distances would be expected to inte-
grate across small-scale patchiness and hence preclude
finer-scale resolution.

Mackie et al. (1995) have recently reporied on surveys
of the macrobenthic infauna and epifauna of the
southern Irish Sea. Multivariate analysis of the data
revealed a similar species-rich offshore gravelly assem-
blage adjacent 0 the western Wales coastline (equivalent
to the “stony’ group of Fig. 8), trending to 4 muddy
fauna in the Celtic Deep area. The sessile epifauna was
relatively uniform in character throughout the survey
area, with local topography and sediment type being
more influential than geographical location.

For the North Sea area, comparable but more inten-
sive surveys of the epifauna encompassing the region
sampled in the present study have been reported by. for
example, Dyer & al. (1983}, Frauenheim et al. { 19893,
and Duineveld and van Noort (1990). Despite differ-
ences in sampling methodology, all three studies ident-
ified a broad division between 2 wnorthern” and
“gouthern” fauna lying along the 50 m contout, ie. the
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northern edge of the Dogger Bank, a finding paralleled
by the outcome of the present survey. This division of
the North Sea was similar to that proposed by Glemarec
(1973), based upon thermal stability of the water
column, and is supported by the recent work of Jennings
et al. (1999) who identified a combination of depth and
the differences between winter and summer bottom
temperatures as factors which best explained trends in
the North Sea epifauna sampled by 2 m beam trawl. In
a more limited epifaunal survey of the southeastern and
central North Sea, Kunitzer (1990) similarly distin-
guished between a northern and southern fauna, citing
carlier observations on the boundary between stratified
and mixed waters, and on the influence of different water
masses (N Atlantic and Channel inflow to the northern
and southern North Sea, respectively) in explanation.
Kunitzer also identified a transitional assemblage,
comparable with that of group 5 in Figure 8, occupying
stations to the northeast of the Dogger Bank.
Duineveld and van Noort (1990) found no significant
relationship between the distribution of epifaunal
assemblages and that of sediment type, as measured by
the percentage silt/clay content of grab samples. The
authors speculated that the paucity of attached epi-
faunal species (such as anemones, ascidians, and
sponges) in the southern North Sea might be due to the
high intensity of commercial beam trawling. Collie et al.
(1997) observed a reduction in bryozoans and hydroids
at gravelly locations on Georges Bank (NW Atlantic)
subject to disturbance by commercial dredging. While
the present survey also found a low frequency of occur-
rence of sessile taxa in the southern North Sea, evidence
of a causal relationship with fishing activity still remains
inconclusive, since the prevailing sandy sediments would
be expected to naturally restrict the occurrence of sessile
taxa, On a wider scale, Jennings ez al. (1999) found no
relationship between epifauna distributions and fishing
effort in the North Sea within ICES rectangles, but
cautioned that the available information was t00 impre-
cise to establish whether or not commercial trawling had
actually occurred across individual sampling stations.
Basford er al. (1989) sampled the epifauna of the
northern North Sea using a 2m Agassiz trawl with a
2cm end-mesh, and identified depth and sediment
characteristics as the principal determinants of assem-
blage type. Only the southernmost part of their grid
overlapped with the present survey but, despite differ-
ences in sampling methodology, a number of larger taxa
co~occurred, e.g. the anthozoans Aleyonium digitatum,
Hormathia digitata, and Bolocera tuediae, the bryozoan
Flustra foliaceq, and ascidians, all indicative of 2 coarser
sediment type in this area. In a comparison between
the outcome of infaunal and epifaunal surveys in the
northern North Sea, Basford e af. (1990) noted that the
role of sediment type in determining the distribution of
epifauna assemblages was apparently secondary to that
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of depth. However, they recognized the possibility that,
at many stations, sediment samples from grabs may be
inadequate to account for variation in the habitat along
trawl tows.

International surveys of demersal fish have been con-
ducted over a number of years under ICES auspices, apd
Rogers et al. (1998) report similar trends in species
numbers to those of the epifauna (including fish) in the
present study, namely lower species richness in t.he
uniform sandy area of the SE North Sea, compared with
the English Channel and the UK west coast, where a
higher diversity is supported by the generally coarser
substrata.

Infaunal and epifaunal surveys provide different, but
complementary, perspectives on the benthic ecosystem.
The benthic infauna can be reliably sampled by grabs,'at
least in soft sediment areas, and relationships V{lth
sediment type at the exact locality of grab penetration
are easily explored through simultaneous subsam_phng
of the material collected. However, the conventional
sampling unit (0.1 m?) is relatively small, and large
numbers of samples may be required to adequately
characterize a complex area. Trawl samplil}g of the
epifauna has the advantage of providing an 11.1tegrat_6d
sample over a much wider area than is feasfple with
“spot” sampling by grabs, and is an essential pro-
cedure for assessing the larger, rarer “megafaunql” taxa
(McIntyre, 1978). Another advantage of tr.awllng for
larger organisms is that much of the materl.all may be
processed on deck immediately after collection. How-
ever, there are inherent uncertainties over the perform-
ance of the trawl at the seabed, especially across coarse
substrata. Therefore, it is preferable to treat the (-iat? 05
a presence/absence or, at most, “semi-quantitative
basis in the absence of replication. N

It must also be recognized that, as with demersal fis
population surveys, the results from trawl sampling of the
epifauna are “operationally determined”, i.e. they a}rle
subject to systematic error or bias associated W‘l‘th ; o
design specification (width of beam, mesh sizes of 'bel Yt
and “codend” and so on). Consistency in equlpm§111
design and in deployment practices is therefore essentiah
especially for the assessment of temporal trends. ¢

One important operational problem is the tendency Ot
the trawl to select for larger particles, where p}reseno-
This may result in a bias toward the sampling ]
attached species, especially colonial hydroids and br}’oa
zoans. Thus the description of a “gravelly” fagna from '
trawl tow may, in some circumstances, proYlde a m’Se
leading impression of the predominant sediment t}’lFl’
(and faunal assemblage) along its entirety, especxﬂ.sy
when the data are treated on a prc:sence/abser'lce Pa“_’
Caution must therefore be exercised in drawing mﬁ’;‘f]
ences about habitat type from the content of tr2 o
tows, and an agreed procedure for describing faul
assemblages arrived at.
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Useful working descriptions of the environment along
traw] tows are difficult to establish, especially where a
variety of sediment types are encountered. There is a
need to assess the feasibility of developing an integrated
and cost-effective measure of such variability, e.g. using
combined acoustic and photographic techniques such as
those employed by Holme and Wilson (1985), Sotheran
et al.‘ (1997), and Service and Magorrian (1997), as
occasional “spot” samples of sediments using grabs may
underestimate the complexity of the environment in
many areas.
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