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Porthcawl are probably due to inputs from industries
such as the smelting operations in Avonmouth, steel
works at Newport and the coal fired power station at
Aberthaw. Concentrations below, but close to, the
proposed limit at 1.1 and 1.2 mg kg™!, respectively, were
found in samples of Native oysters from the Swale and
the North Kent coast.

Chromium

Chromium is used in the production of alloy steels,
chrome plating and tanning leather and in the
manufacture of refractory bricks, pigments and wood
preservatives. The main sources of inputs to the aquatic
environment are sewage, and industrial waste
discharges particularly from metallurgical industries.

For the majority of samples, concentrations of
chromium fell in the range 0.1 to

3.0mgkg!, with no discernible differences in the
distribution patterns between species. Mean
concentrations were 0.99 mg kg! for cockles, 1 mg kg!
for mussels and 1.3 and 0.89 mg kg™!, respectively, for
Native oyster and Pacific oysters. These levels are
above those reported in a recent survey of market
samples (MAFF, 1998) but slightly lower than mean
concentrations reported previously for these species, by
the CEFAS Laboratory (MAFF, 1985). Concentrations
>5 mg kg! were found in cockles from the Blackwater
(5.7 mg kg'1); mussels from the North Kent coast (6.6
mg kgD, Portland (5.3 mg kg!) and Silloth (5.4 mg kg
1); Pacific oysters from Blakeney (6.7 mg kg'!) and
Native oysters from Chichester Harbour (9.4 mg kg'1)
and North Kent coast (6.1 and 8.1 mg kg™1).

Copper

Copper is naturally present in sea water but additional
inputs come from its use in the electrical industry for
electroplating and also the production of pigments and
dyes and the manufacture of bronzes, brass and other
copper alloys. Copper compounds are used in
agriculture, especially as fungicides and insecticides and
copper-containing antifouling paints are a further source
of copper inputs to the marine environment, particularly
in areas of high boating/shipping activity such as
harbours and marinas. Their use has increased
significantly since the phasing out of TBT based
antifouling paints in the late 1980s and they are now a
significant source of local inputs in areas away from
industrial activity.

Concentrations of copper in cockles and mussels were
relatively low ranging from 0.19 to 9.1 mg kg™! with a
mean of 1.2 and 1.8 mg kg'!, respectively. The
highest concentrations were in cockles from the
Thames Estuary and in mussels from the Fal (9.1 mg
kg'1). Concentrations in oysters were between 10 and
100 times higher, ranging between 5.3 to 106 mg kg™!
(mean 41.6 mg kg'!) in Pacific oysters (with the
exception of one sample from Taw/Torridge which
contained 494 mg kg'!) and 12 to 211 mg kg! (mean

13

86.3 mg kg'!) in Native oysters. These values are in
agreement with earlier data published by CEFAS
(MAFF, 1992, 1993 and 1994) and consistent with the
recent data for market samples of cockles and mussels
(MAFF, 1998).

The highest concentrations of copper were found in
samples from areas such as the Thames Estuary, North
Kent coast, Portsmouth Harbour, Plymouth Taw/
Torridge and the Fal. These areas receive discharges
and emissions from metallurgical industries and copper
is one of the main metals that have been mined in the
Fal area for centuries.

The recommended limit for copper in food (Ministry of
Food, Food Standards Committee, 1956) is 20 mg kg™!
but higher levels are permitted in shellfish if copper is
of natural occurrence. Oysters are known to accumulate
some metals such as copper and zinc more readily and
to higher concentrations than other shellfish and the
concentrations recorded in this survey are not unusual.

Iron

Iron is the most abundant metal in the earth’s crust. Itis
mainly used in the iron and steel works industry, but is
also used in petroleum refining and chemical and
fertiliser production. The main sources of iron to the
marine environment are geological weathering and
mine effluents, industrial effluents and emissions and
the corrosion of iron and steel. As with most of the
other metals, highest concentrations of iron were found
in samples from areas with associated industrial inputs
or inputs from mineralised zones.

Concentrations of iron were generally higher in cockles
and mussels although 20% of Native oysters had
concentrations between 100 and 400 mg kg™! (means 98
and 67 mg kg1, for Native and Pacific oysters,
respectively). The highest concentrations were found in
cockles from Blakeney (700 mg kg™!), the Blackwater
(1010 mg kg'!) and Anglesey (728 mg kg!), mussels
from the Thames Estuary (457 mg kg'!) and the North
Kent coast (423 mg kg'1), Native oysters from the Fal
(383-412 mg kg!) and Newtown (379 mg kg'!) and
Pacific oysters from the River Exe (535 mg kg™).

Mercury

The major source of mercury in the environment is the
natural degassing of the earth’s crust which is estimated
to produce up to 125,000 tonnes year! (WHO, 1989).
Anthropogenic sources arise from the mining and
smelting of mercury ores and the use of mercury in
industries such as the chloralkali, electrical equipment
and paint industries. Releases into the environment also
occur from the burning of fossil fuels and the
production of cement, steel and phosphate. Mercury
discharges by the chloralkali industry and other sectors
are now subject to the provisions of EC Council
Directives 82/176/EEC (European Communities, 1982)
and 84/156/EEC (European Communities, 1984).
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Table 6. Mean EROD and other variables in Flounder from English estuaries (1997)

Location Samples(n) EROD Length Weight GSI GSI HSI CF
(pmol/min/mg protein) (cm) (€3] Female Male

Alde (Reference)

North of Orford 24 38.7 254 156.8 0.72 0.76 1.03 095

Mersey

Speke 16 117.9%* 25.0 1853 0.82 - 1.35 0.96

Bromborough 11 161.6* 28.1 238.2% 0.98 - 1.58%* 0.98

Tees

Tees Dock 4 99.8 * 239 1714 1.47 0.17 1.77* 1.26*

Redcar Terminal 4 95.6* 220 1253 1.04 0.08 1.66 * 1.17%*

Humber

Whitton 3 174 224 106.0 1.40 - 1.27 094

Foul Holme Channel 9 77.0 21.9 117.8 1.11 - 1.79* 098

Spurn Head 13 84.6 % 254 181.6 1.27 0.86 0.92 1.07*

Southampton Water

Bird Pile Beacon 12 62.1 272 218.5 2.52% 1.36 1.42* 095

Wear

Wearmouth Bridge 4 84.6 % 20.4 99.6 0.69 0.18 1.44 1.08 *

Tyne

Scotswood Bridge 26 704 %* 29.7%* 288.1%* 2.36%* 135 1.70 * 1.05%*

Redheugh 41 90.0* 272 237.2% 1.72% 137 1.78 * 1.05%*

Newcastle 22 95.8* 254 183.7 1.53 0.56 1.68% 1.02

Hebburn 28 543 242 176.3 1.94%* 0.80 1.59% 1.08 *

Jarrow 30 948 * 209%* 105.5 1.51 0.16 1.74* 1.04*

Lloyds Hailing Station 3 57.6 28.2 271.6 2.54 027 2.03%* 1.19%*

*Significantly different (p<0.05) from the Alde reference site

Mersey
200
175 | Tees

Wear |
150

Humber
125 - Southampton !

Water
100 F {
|

75 Alde |

25 F ! ! I

Mean EROD activity (pmol.min-'.mg pro)

North of Orford

Bird Pile Beacon
Whitton

Foul Holme Channel
Spurn Head
Scotswood Bridge
Redheugh
Newcastle

Hebburn

Jarrow

Lloyds Hailing Station
Wearmouth Bridge
Tees Dock

Redcar Terminal
Speke

Bromborough

Figure 19. EROD activities in flounder collected from English estuaries in 1997

the spillage (St Brides Bay) exhibited comparatively obvious correlation between known oil contamination
high EROD activity and those sites exhibiting low and EROD activity was evident but it seems likely that
EROD activity (i.e. Off Carmarthen and Rhossili Bay) the high EROD activities associated with the two sites
were known to be less heavily contaminated than the nearest the spillage, Freshwater West and Turbot Bank,

others (Law et al. 1997). In the samples from May, no were still a residual effect of the spillage. EROD
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Homogenatepreparation

Samples were kept at -80°C for no longer than 4 months
before the assays were performed. Approximately 1g of
muscle tissue was placed in 10 ml of homogenising
buffer (0.1M pH7 Tris/HCI containing 0.1% Triton
X100) in a suitably sized, clean glass beaker. The
muscle was processed using an Ultra-Turrax
homogeniser for 15-20 seconds whilst keeping the
beaker on ice to minimise the temperature increase.

The crude homogenate was then decanted into an
eppendorf tube and centrifuged at 10,000 g for 20
minutes. The resultant supernatants were used as the
cholinesterase source.

ACHhE activity determination

AChHE activity determinations were performed using a
modification of the technique described by Bocquene
and Galgani (1996). Briefly, using a 96-well
microplate assays were performed in quadruplicate
with each test well initially containing 10 ul of
supernatant, 340 pl of assay buffer (0.1M pH 7 Tris/
HCI — no triton X100) and 20 pl of 0.01 M
dithiobisnitrobenzoate (DTNB). Blanks contained no
supernatant and 350 ul of buffer. Assay reactions
were initiated by quick addition, via stepping pipette,
of 10 pl of 0.1 M acetylthiocholine (ACTC) which
acted as the substrate. The plate was then placed in a
microplate reader set to read absorbance at 412 nm
and optical density (OD) readings were taken every 15
seconds for 1 minute. The assay was temperature
controlled at 25°C and all reagents were brought to
this temperature prior to use.

AChE activity was normalised to protein content and
expressed as mU/min/mg protein (1 U = 1 mOD unit).
Protein analyses were carried out on the same muscle
homogenate as the AChE activity measurements using a
plate reader modification of the Bradford method
(1976) with a bovine serum albumin standard.

Reactivation assays

At the time of writing, the reactivation technique had
only been briefly investigated. The technique involves
the addition of 10 pl 0.5 mM pyridine 2-aldoxime
methiodide (2-PAM) to the reaction well with the
supernatant in (with an equivalent reduction in buffer
volume) and reading the AChE activity after 1 hours
incubation at 20°C . Theoretically all the activity
restored, as compared to the original assay, after this
period was that amount inhibited by neurotoxins.

Water sample aquisition and insecticide residue
enrichment

Samples of estuarine, coastal and marine waters were
acquired between May and June 1997 from the R}
CIROLANA (CIROLANA 6a/97 + 6b/97; Table 8). Six
estuaries were also sampled (at low water) between May
and October 1997 using chartered or Environment

31

Agency coastal vessels. A total of seventy-three, 2.7 1
samples were taken at 1 m below the surface and
separate samples were obtained for organophosphorus
(OP) and carbamate (C) analyses. Duplicates were also
taken from one-in-every-ten samples. These were
fortified with either a solution of OPs or Cs in the range
of 91 to 234 ng I'! to provide information on recovery
efficiencies of the extraction methodologies.

For OPs, the pH of the sample was reduced to
approximately 6 and deuterated Parathion-methyl was
added as a surrogate standard. Enrichment of the OP
insecticides was achieved in situ by solid phase
extraction using pre-washed and conditioned
octadecylsilane (C18) bonded cartridges. Samples for C
analysis were extracted at the native pH of the sample
using a styrene divinylbenzene (ENV+) sorbent. All
cartridges were stored at -10°C prior to elution, pre-
concentration and analysis.

Mass spectrometric analysis

Thirty-five OP and twenty C compounds including
several transformation products (TP) were selected for
screening. These were chosen on the basis of their use
in the UK and their listings in List [ of the EC Directive
on Dangerous Substances in Water (76/464/EEC), the
UK ‘Red List’ of substances for priority action and the
‘North Sea Conference’ List. All OP analyses were
performed using a high resolution GC system connected
to an lon Trap Detector. The Mass Spectrometer was
operated in positive, electron impact ionisation and full
scan mode. Individual OPs were analysed to determine
their retention times and to provide spectral information
of mass fragmental ions. For positive confirmation of
an OP analyte in a sample extract, three designated ions
were required to be evident with the correct relative
abundances.

For the analysis of the C compounds, L.C-atmospheric
pressure chemical ionisation-MS was deployed. The
MS was operated in positive ionisaton mode and mass
spectra of individual compounds were obtained to
choose quantitation ions. Time scheduled selected ion
monitoring (SIM) was performed during the screening
of sample extracts.

Limits of quantitation (LOQ) of each insecticide were
determined from analysing serially-diluted blank
extracts fortified with the range of OPs and Cs. LOQs
were defined as the mass of the analyte (translated to
mass per volume of sample) injected that resulted in a
peak height-to-baseline noise >10 at a precision level of
10 %. Values of <50 ng I'! for all compounds were
achieved. For OPs, LOQs ranged from 10 to 50 ng I
and lower 1.LOQs were determined for Cs, ranging from
210 30 ng I'l. Where a positive detection of an
insecticide was apparent, extracts were re-analysed
along with matrix-matched calibration standards.



Table 8. Location of water sample sites, 1997

Sampling Station
Date

CIROLANA 5a/97
25/05/97 6
26/05/97 20
27/05/97 41
27/05/97 42
27/05/97 43
27/05/97 44
27/05/97 45
28/05/97 95
29/05/97 113
29/05/97 117
30/05/97 119
31/05/97 127
01/06/97 146
01/06/97 147
01/06/97 148
02/06/97 150
03/06/97 201
03/06/97 202
03/06/97 203
04/06/97 217
05/06/97 219
05/06/97 221
05/06/97 234
CIROLANA 5b/97
09/06/97 1
09/06/97 4
09/06/97 6
09/06/97 7
12/06/97 19
12/06/97 21
13/06/97 36
13/06/97 38
13/06/97 41
14/06/97 44
14/06/97 45
14/06/97 46
14/06/97 47
14/06/97 48
14/06/97 49
15/06/97 52
15/06/97 55
16/06/97 68
16/06/97 80
16/06/97 81
16/06/97 82
16/06/97 83
19/06/97 84
19/06/97 85
19/06/97 86
19/06/97 87
19/06/97 89
19/06/97 92
19/06/97 93
19/06/97 4
20/06/97 9%
21/06/97 110
22/06/97 120
22/06/97 123
Estuaries

05/13/97 1
05/13/97 2
05/14/97 3
05/14/97 4
05/14/97 5
09/02/97 1
09/03/97 2
09/09/97 1
10/97 1
10/97 3
10/97 4
10/97 8
10/97 9
10/97 3
10/97 4
10/97 5

Locality

North Norfolk

NMP 345 - Off Humber/Wash
Off Tees

Bamletts Wharf-Tees

Tees - Transporter Bridge
Tees - ICINo. 4 Buoy ‘g’
NMP 325 - Gare Breakwater
NMP 295 - Tees

NMP 245 - Off Tyne
OffScarborough

NMP 375 - Humber

Harwich

Eastof North Foreland

South Varne

CS-1 Buoy

NMP 495 - Selsey Bill

NMP 515 - East Brambles Bell
NMP 505 - Dock Head

NMP 525 - Hook Horn

NMP 585 - Off Plymouth Sound
Off Lands End

NMP 605 - Celtic Deep
Mumbles/Swansea Bay

NMP 615 Nash Point
Swansea Bay - Disposal Point
Mid Carmarthen

West Carmarthen St. Govans
Celtc Deep - NMP

NMP 665 - Outer Cardigan Bay

NMP 705

Anchor Station - Mersey
Tranmere - Mersey
Seacombe Ferry - Mersey
C20 Buoy - Mersey
Crosby Channel - Mersey
NMP 795

15 Buoy - Northern Ireland
6 Buoy - Northern Ireland
NorthernIreland
NorthernIreland

Anchor St. Tyne

Team Mouth
International Paints
Downstream Howden
Fishing Station

Blyth - Anchor

Blyth - Inner

Blyth - Harbour

Dogger Bank

Fishing Station

Fishing Station

Fishing Station

Severn - Beacon Lower Shoots
Severn - Inshore North Avonmouth
Severn - Peterstone-NMP 63
Severn - NMP 60

Severn - Swansea Bay

Mersey - Bromborough
Mersey - Speke

Tamar

Humber

Humber - Boreham Shoal
Humber

Humber - Whitton

Humber Bridge

Tyne - Newcastle

Tyne - Scotswood

Tyne - Redheugh

Latitude Longitude

53°14.69'N 01°08.71'E
54°00.00'N 02°00.00'W
54°41.90'N 01°03.58'W
54°35.40'N 01°15.20'W
54°35.10'N 01°13.55'W
54°36.28'N 01°09.80'W
54°3891'N 01°08.45'W
54°42.26'N 00°55.88'W
55°00.49'N 01°07.94'W
54°17.50'N 00°12.50'E
53°32.00'N 00°20.00'E
51°52.34'N 01°32.35'E
51°25.19'N 01°43.20'E
50°58.32'N 01°13.74'E
50°32.72'N 00°02.74'E
50°40.70'N 00°49.60'W
50°47.15'N 01°13.55'W
50°52.90'N 01°23.50'W
50°49.47'N 01°18.30'W
50°02.00'N 04°22.00'W
50°00.03'N 05°49.80'W
50°15.06'N 06°00.04'W
51°31.20'N 03°56.29'W
51°18.10'N 03°32.80'W
51°34.89'N 03°5535'W
51°33.34'N 04°3251'W
51°33.11'N 04°51.46'W
51°14.44'N 05°58.83'W
52°21.49'N 04°10.51'W
52°30.13'N 04°59.92'W
53°21.69'N 04°08.89'W
53°28.62'N 03°41.56'W
53°28.27'N 03°28.36'W
53°29.25'N 03°13.82'W
53°23.70'N 02°59.70'W
53°24.56'N 03°00.48'W
53°28.00'N 03°03.00'W
53°31.80'N 03°08.00'W
53°58.01'N 03°20.00'W
53°56.00'N 03°49.95'W
54°04.00'N 05°30.12'W
54°44.00'N 05°36.04'W
54°42.33'N 05°42.52'W
54°40.10'N 05°48.40'W
54°38.68'N 05°52.10'W
55°01.31'N 01°23.60'W
54°57.51'N 01°38.01'W
54°57.52'N 01°33.17'W
54°59.30'N 01°2836'W
55°17.78'N 01°14.66'W
55°07.26'N 01°27.95'W
55°08.52'N 01°31.24'W
55°07.47N 01°29.75'W
54°50.12'N 01°19.99'E
54°43.28'N 01°08.25'W
53°21.30'N 00°24.57E
53°03.56'N 00°28.40'E
51°32.53'N 02°44.03'W
51°31.0I'N 02°42.76'W
51°29.62'N 03°00.40'W
51°28.50'N 03°01.87'W
51°27.42'N 03°40.66'W
50°25.64'N 04°11.89'W
53°36.87'N 00°04.26'W
53°36.43'N 00°05.95'W
53°39.77'N 00°10.50'W
53°42.42'N 00°27.21'W
54°58.14'N 01°36.14'W
54°58.21'N 01°41.84'W
54°57.83'N 01°39.98'W
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oestrogenic contamination as measured by male
vitellogenesis in the various estuaries can be ranked in
the following descending order: Tees > Mersey > Tyne
> Wear = Humber = Clyde = Southampton Water =
Thames > Crouch > Dee = Tamar. VTG concentrations
in Tees, Mersey and Tyne fish were extremely high
(100,000 ng ml'!), and often exceeded those normally
found in sexually mature females. There were no major
differences between VTG levels measured in 1996/97
and 1997/98.

Flounder were also sampled from 5 coastal sites, and
from several sites in the central southern North Sea. In
all cases, VTG was significantly induced, and in the
case of fish from Liverpool Bay and Red Wharf Bay
(Anglesey), the degree of induction was large (although
not as large as in the Mersey). Laboratory experiments
indicated that VTG in male fish disappears rather
slowly, with a half-life of about 2 weeks, and it is
therefore suggested that the high VTG in fish at these
two sites could have been induced in an estuary
(probably the Mersey) before they migrated to sea to
breed. However, local oestrogenic contamination at
coastal and offshore sites cannot be entirely ruled out.

At most locations, ovotestis conditions in male flounder
were entirely absent. However, in 1996, 17% of
Mersey fish showed this abnormality, with large
numbers of primary and secondary egg cells (oocytes)
in the testes. In 1997, 9% of male Mersey fish and 7%
of male Tyne fish contained ovotestis. In a few cases,
eggs were fully developed with yolk granules. Most
testes did not show gross morphological abnormalities
related to oestrogenic exposure, although one testis
from the Mersey appeared to be almost entirely
composed of eggs. Unexpectedly, in view of the high
levels of VTG induction, no intersex fish were seen in
the Tees, but this is probably due to the fact that the
sample size from this estuary was very small. Broadly
speaking, ovotestis only seems to occur in flounder
populations when mean plasma VTG levels in adults
exceed 100,000 ng ml!.

Abnormal sex ratios were not seen in any estuary,
although this is based on histological and not genetic
data; i.e. it is possible that some of the overt females
may have been genetic males. There was no consistent
pattern to the distribution of testis:body weight ratios
(i.e. gonadosomatic ratio), but hepatosomatic ratios (i.e.
liver:body weight) were increased in males which had
elevated VTG. This shows that oestrogenic exposure
had caused abnormal liver growth (hypertrophy) in
order to synthesise VTG, thus placing strain on the
metabolism of these fish.

Due to resource limitations, only female Dee estuary
flounder were sampled for natural steroid hormones (in
September 1997). Male hormones (the androgens 11-
ketotestosterone and testosterone) were not detectable,
while the oestrogen 173-oestradiol was only present at a
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low level in one fish. This was probably due to the
season of sampling, and it would be desirable to
conduct more analyses of this type in order to establish
whether hormone metabolism is altered in the more
oestrogen-contaminated fish.

The pattern of induction of the P450 mixed function
oxidase system in flounder liver (as measured by the
activity of the enzyme ethoxyresorufln-odeethylase, or
EROD) showed considerable similarities with the
pattern of VTG induction, with highest EROD activity
in the Mersey, Tees and Tyne, intermediate activity in
the Humber, Wear and Southampton Water, and low
activity in the Aide reference site. It is possible that the
EROD was being induced by the same substances
responsible for oestrogenicity, but even if not, there
may still be reproductive implications because the P450
system is responsible for metabolising steroids. The
main EROD inducers are the planar polychlorinated
biphenyls (PCBs), polychlorinated dibenzodioxins and
furans (PCDDs and PCDFS), and polycyclic aromatic
hydrocarbons (PAHs), several of which are known to
have endocrine disrupting properties.

In broad terms, the flounder from the Mersey and Tees
were the most contaminated with organochlorines and
PAHs, although appreciable amounts of PCBs were also
present in Thames and Tamar fish. However, the levels
of these contaminants in liver were rather low (max.
median XPCB = 1.3 mg kg'! wet wt.; max. median
2DDT = 0.5 mg kg! wet wt.; max. TPAH = 0.4 mg kg™!
wet wt.). It is doubtful whether these residues made a
major positive or negative contribution to the observed
oestrogenic effects, but they at least indicate that the
fish which were most contaminated with common
manmade chemicals were also those most impacted by
oestrogenic hormones and/or their mimics. It is clear
that more investigative chemistry is required to identify
the causative compounds.

It seems unlikely that the major causative substances
will prove to be oestrogenic hormones derived from
domestic sewage, although these materials are almost
certainly contributing to the observed effects. There is
little correlation between VTG induction and the
volumes of domestic sewage discharged to each estuary,
but there is a much clearer relationship with the volume
of industrial effluent. Again, this does not prove a
causal link with industrial chemicals, but it suggests that
non-hormonal substances are major players.

The full biological implications of these results are not
yet understood, but it is a possibility that flounder in the
most contaminated estuaries (Tees, Mersey, Tyne) have
impaired reproductive output and reduced overall fitness.
Whether this is likely to have long-term implications for
the survival of these flounder populations is unknown,
but it seems unlikely that flounder in the UK as a whole
are seriously endangered from oestrogenic exposure.
However, it should be noted that the most oestrogen-
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Table 14. Numbers of epifauna taxa allocated to
each major faunal group (a); top ten
ranked taxa in terms of frequency of

occurrence in trawls (b)

(@

Group No. of taxa
Bryozoa 80
Mollusca 66
Crustacea 62
Hydrozoa 43
Pisces 40
Porifera 36
Echinodermata 26
Anthozoa 24
Ascidiacea 23
Other groups 14
Total 414
()

Taxon Frequency (max = 69)
Paguridae 64
Asterias rubens 57
Ophiura spp 48
Liocarcinus holsatus 47
Crangon allmanni 45
Gobiidae 45
Hydrallmania falcata 43
Balanus crenatus 43
Electra pilosa 42
Flustra foliacea 40

The numbers of taxa encountered at each station for
each of the major faunal groups (Figure 26(a)-(i))
further illustrate the capacity of coarser substrata to
support a higher epifaunal diversity, especially of
sessile groups (Figure 26(a)-(c), (f) and (h)). Molluscan
diversity (Figure 26(e)) is also noticeably higher at
coarse ground locations. The distributions of crustacean
and echinoderm taxa (Figure 26(d) and (g)) are more
equitable, while a greater variety of fish were found in
the southern North Sea and SE Irish Sea (Figure 26(i)).

Statistical relationships between numbers of taxa and
individuals per trawl and a range of environmental
variables were explored through correlation analysis
(Table 15). There was a significant positive correlation
between sediment ‘coarseness’ and log. numbers of
taxa, and a significant negative relationship with log.
densities. The former may be explained by the capacity
of the mixed gravelly areas to provide a much greater
array of attachment points and refuges, compared with
uniform muddy areas (see Figure 25(b)). The latter
reflects a capacity for muddy sand or muddy deposits,
especially close inshore near to major estuaries, to
support very high densities of common species such as
brittle-stars (see Figure 25(c)) which, in turn, accounts
for the significant negative relationship between counts,
water depths and salinity (Table 15).

A significant negative correlation between numbers of
taxa and longitude (i.e. numbers tend to increase in a
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westerly direction) appears to be largely a function of
coincident trends in temperature, depth and, to 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 comparable,
but less pronounced, trend in numbers of taxa. There
was no significant correlation between faunal measures
and maximum spring tidal current strength, despite a
significant positive correlation between this variable
and sediment ‘coarseness’, and a significant negative
correlation with latitude. Although not significant, a
weak positive relationship between numbers of taxa and
current velocity (p = .054) contrasts with a significant
negative relationship between the two for infaunal data
(see Rees et al., 1998 and 1999).

Relationships between epifaunal and environmental
data were further examined using the procedure of
Clarke and Ainsworth (1993). Maximum correlation
(p,, = 0.47) arose from a combination of five variables :
latitude (0.30), sediment type (0.29), log. depth (0.27),
maximum spring tidal current strength (0.14) and winter
temperature (0.26). These are listed in rank order of
their contributions to ascending best-variable
combinations, and the figures in parentheses are
correlation coefficients for each variable when tested
singly against the biological data. As was the case with
numbers and densities of taxa (Table 15), there was no
significant influence of tow length (p, =-0.01).

Multivariate classification analysis was conducted on
presence/absence data and eight faunal assemblages
were identified (Figure 27). These broadly correspond
with differences associated with substratum type, and
are therefore most easily described in these terms
(Figure 28), although it is recognised that sub-clusters,
especially within groups 7 and 8, will repay further
investigation in relation to species distributions. A
biogeographical influence is suggested by, for example,
the distinction between a “NW North Sea’ station group
and a “W Channel/W Coast’ station group, both of
which are characterised by a gravelly component to
samples. However, other groupings (especially in
coastal arcas) comprised stations from widely separated
geographical locations. Six stations remained
‘unclassified’ in this scheme. They were generally
located in inshore areas, typically contained relatively
low numbers of taxa and, in four cases, were
intermediate in character to other major cluster groups.

Average numbers of taxa for each cluster group (Table
16) show that there is a trend of increasing numbers
with increasing sediment ‘coarseness’, the major
distinction arising from an appreciable gravelly
component to samples in the four right-hand groups
(Groups 0, 3, 1 and 8). Lowest numbers were found in
predominantly sandy areas of the southern North Sea
(Group 4), and highest numbers in a ‘stony ground’
assemblage mainly off the western UK coast (Group 8).







































































































































