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ABSTRACT

The Benthic fauna of a linear.sandbank, the KwihtefBaﬁk, in the Belgian coastal

waters of the North Sea has been sampled on ten statiqns in September
1978. Density and'species compositibn of the macrOf'and meiofauna
andksédimént characteristics have been studied. The Kwinte Bank .
shows a gradientifrom finer sediments in the south to coarser sedi- ’
ments in the north resulting from the tidal current pattern in the
region and can be considered as a biogeographicai island, as the bank
is sufrounded by a region of much finer sediments. .

The macrofauna con81sts of 73 identified species and has an average

density of 4910 1nd./m and an average diversity of 2.5 bits/ind. In-

terstitial polychaetes predominate and among those Hesionura augeneri
is the most abundant species. Two species groups can be dlstlngulshed;
and can be correlated with sediment characteristics.  Both species num-—

ber and density of the macrofauna increase with increasing grain size

whereas diversity decreases due to the predominance of H. augeneri in

coarser sedimentsi
Nematodes are evenly spread over the whole sandbank but species dif~
fer. »DiverSity'is very high (on average 3.8 bits/ind.) and 136 species

were identified. Density on the contrary is low (on average 384 ind./

10 ¢m2). Three species groups can be distinguished which are correla-

ted with sediment chafacteristics;

'Copepods are both more numerous and mofe’diverse in the coarser
sediments of the horthern side of the sandbank. One cyclopoid and
65 harpacticoid species were identified with an average diVersity of roy
2.3 bits/ind. and an average density of 162 ind./10 cmz. As in the
macrofauna , two species groups can be dlstlngulshed agaln correla—v
ted with sediment characterlstlcs.

The benthic’ fauna of the Kwinte Bank is clearly related to the
fauna of ‘the open sea zone of the Southern Bight, in spite of the
fact that the»bank is situated in the transition zone between open
and coastal waters. The fauna is also related to the interstitial

fauna of exposed sandy beaches.




INTRODUCTION

In the Southern Bight of the North Sea, off the Belgian coast, exists
a series of parallel sublittoral sandbanks, the Flemish Banks, situated
in a southwest-northeastern direction, 15 to 25 km long and 3‘to 6 km
wide. They are separated by channels, 4 to 6 km wide, and rise about
25 m above the surrounding sea floor (fig. 1). These sandbanks resul-
ted from the accumulation of sandy deposits of glacial origin sedimen¥ :
ted by the giant stream draining the waters from the present Rhine, Meu-
se, Scheldt and Themes before the Flandrian marine transgression about
12,000 years ago. When from boreal times onwards the North Sea became
slowly inundated, a connection Wlth the English Channel was flnally »
establlshed about 8,700 years ago, first as a small channel but then
B extendlng until the very strong tidal currents resulted, which are res-
vponsable for the present geomorphology of the region. ‘ '
 The system of the Flemish Banks is to be considered as an island of
‘coarser‘sediments in a region characterized By finer gfained and silty

sediments (see Govaere et al., 1980,'for a further description of the

Southern Bight area). The benthic fauna of that region and of the sedi-
ments further off-shore has been the subject of ongcing research that

is part of a comprehensive study initiated by the Belgian Government in
1970. Data have‘been published by Heip & Decraemer (1974), Jensen (1976),
Govaere (197€), Heip et al.(1979), Govaere et al.(1980), Willems & Claeys

(in press) and Vincx (in press). A large amount of unpublished data has

been assembled in Government Reports (Van Damme & Heip, 1977; Govaere
) ‘et al., 1977) and thesisses (Jensen, 1974#; Degadt, 19763 Bisschop, 1977;
: Vanosmael, 1977; Govaere, 1978; Rappé, 1978; Van Steen, 1978; Claeys,

19793 Kerckhof, 1980).

In spite of this intense research, the sandbanks themselves had never
been investigateﬂ‘until'cOmmercial interest in sand and gravel exploita-
tion starﬁed.a?higgmade necessary an assessment of the impact of large-
scale human interference through‘the exploitation of several million tons
of sediment annually. Therefore baseline data were collected from 1977
cnwards. Apart ftom their use in managémentk these data are useful in
‘an ecologlcal context as the sandbanks are extremely interesting ecolo-

g1ca1 habitats. They can be considered as islands and their fauna can




be compared to that of the surrounding region, which is well known. '
Furthermore, the sandbanks are stressed, high-energy environments in.
the sublittoral and subject to. extreme physical disturbance through
the very strong tidal currénts;

This paper aﬁdian accompanying paper by Rappé & Govaere (in prepa-
ration) are the first reports on the fauna of two of the Flemish Banks,
~ the Buiten Ratel and the Kwinte Bank. It presents a comprehensive
pictufe of the total benthic fauna of the Kwinte Bank iﬁ September
1978.



MATERIAL AND METHODS

- Description of the study area

The Kwinte Bank is located about 12 km off the Belgian coast, be--
tween Nieuwpoort aﬁd Oostende (fig. 1). It is bordered by two chan; ,
nels, the Kwinte’on its western and the Negenvaam on its eastern side.

The following description is based on observations by Bastin (1974).
In cross—section, the Kwinte Bank is as&ymétric with a steep north-
western aﬁd a gentle south-eastern slope. .The upper sediment layer
is characterized by sandwaves, megaripples and small sand ripples,

occurring on different scales (fig. 2). The sandwaves are most de-

. veloped in the north~eastern part and reach an amplitude of up to

8 metres. The top of these sandwaves as well as the megaripples

‘and the small sandripples are continuously broken down and rebuild

by strong currents and this process is visible at the water surface
by the appearance of suspended patches of sediment. Particularly
during storms, the whole top of the sandbank is completely destroyed
and rebuild afterwards as a result of the current pattern ty-
pical for the sandbank system, which has been described by Houbolt
(1968) and Bastin (1974). |

The sediment of the bank consists of fine to coarse sands and
shows a gradient from fine sediments in the south to coarser sedi-
ments in the north. However, the distribution of the sediments can
be very patchy locally. Many sméll paﬁches, with a mixture of coar—
se sand and shell, occur on the slopes of the sandwaves and are due
to strong erosion. The bottom of the depressions (-20 m) between
the sandwaves of thé north-eastern part consists of finer sediments
enriched with some mud and they are characterized by an abundant

fauna.

Sampling

Samples were collected on 5 September 1978 at ten stations (SB 1
to SB 10) covéring the whole length of the sandbank (fig. 1). The
stations were located using a Decca-navigator; the coordinates are
given in table 1. |

Macrofauna sampling was carried out by means of a Van Veen grab
(0.1 mz); samples were immediately fixed with formalin 7%. The

meiofauna was subsampled from a Reineck box-corer to a depth of




10 cm using acrylic cores with a surface area of 10.17 cmz. The cores
were immediately extruded and fixed with heated (70 °C) 7 7 formalin.
Fixation with warm formalin causes relaxation and stretching of the
nematodes, thus facilitating later identification (Seinhorst, 1966). '
The macrofauna was elutriated in the laboratory using an adaptation:

of the Barnett-technique used in meiofauna research (Heip, unpublis-
‘hgd). The samples are placed at the closed end of an horizontal trough
“(L: 6 m, W: 15 ¢ém, H: 15’cm) open at the other end and washed out with
a water current over a 250 um sieve. The heaviest organisms (moliusks)
are left behind on the trough after elutriation and were picked out
by hand. The use of a 250 um sieve instead of the usual 0.5 or 1 mm, -
sieves was decided after preliminary investigation had demonstrated
- the importance of interstitial polychaetes in the sandbank fauna.

To elutriate the meiofauna from the sedimen;,decantation on a
38 am sieve was used since all the stations consist of clean sand.

For thevmacrOfauna, the harpacticoids and nematodes three, two
and one replicate were examined respectively. Ail the animals in
the replicates were identified and counted, except the nematodes
for which in rich‘samples only 100 individuals picked out of a coun-
ting chamber at random were identified. All densities of meiofauna
however are based on counting of two replicates (table 2).

Approximately 20 g of homdgenized substrate was used for grain
size analeis of the sand fraction according to Buchanan & Kain (1971).
The wet sieved fraction smaller than 62 um was used as a measure of
mud content. The amount of organic material was determined by loss
of weight on ignition at 550 °C.

- Faunal affinities among the stations were examined by use of the

Czekanowski“qualitative similarity coefficient (Sdrensen, 1948):

2a

5§ = 2a + b ¥ ¢

where a is the number of species present in both stations, b and c:are the
number of species present in station 1 and 2 only. The stations were
clustered by flexible sorting (f = -0.25)(Clifford & Stephenson, 1975)‘
and arranged in an affinity dendrogram (Ordana program of Bloom et al.,

1977, .as adapted by Govaere, 1978). :
1 N!

Species diversity was measured by the Brillouin index H = ﬁ-log2 TR 5T
N INy 1. .WN !
proposed by Margalev (1958). Evenness J = H/Hmax’ where Hmax~ 1ogSS-
~was calculated after Pielou (1966).
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Statistical tests

As the data concern only one sampling date it was decided to compare
them only internally. Especially the relationship wi;h sediment compo-
sition was_investigated. For this purpose only simple non-parametrical
tests were used, as non—normaiity‘of the data is important. These tests
are all described in e.g. Siegel (1956).'

Firstly it was tested whether the parameter has a clumped distribution,
i.e. whether higher or lower values tend to he grouped. This was done
using the one-sample runs test. Then it was investigated whether there
was a linear tfend, as the stations are linearly arranged and a gradient
was thought to exist in sediment characteristics. These was done by
correlating the data with the series of natural numbers 1 to 10 using
Spearmén's rank correlation coefficienf. The third test consisted in
looking for‘differences between the northern end (stations 1-5) and
the southern end (stations 6-10) of the sandbank. ‘This was done using
Wilcoxon's U-test. For the individual species the significance of
density differences between clusters was also tested using Wilcoxon's
U-test. Finally the correlation with median grain size of the sand frac-
tion“was tested using again Spearman's rank correlation coefficient. o

The results for genefairparameters are given in table 3. .For the
individual species the results have not been repfoduced iﬁ{gggg but

are discussed in the text. .
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RESULTS

Sediment analysis

Depth, grain size analysis and organic material content are gi%en
in table 1. v :

The median particle diameter‘ofkthe-sand fraction varies betweéh
184‘pm and 654 um. ,Adcording to the Wentworth-scale (Buchanan &,
Kain, 1971) the stations can be arranged as follows: coarse sand:

SB 3, SB 5; medium sand: SB 2, SB 4, SB 6; fine sand: SB 1, SB 7j

SB 8, SB 9 and SB 10. All the sediments are very well sorted except

for SB 3, which is well sorted. The median particle diameter shots
a significant linear trend and increases towards the northern end

of the sandbank. This is reflécted by a very significént differghce
between both halfs of the sandbank. | ,
vThe mud cohtent and organic material content are generally 10&é
(<2 %) and the gravel content varies between O and 6 %. The gravel
content also shows a very significant linear trend of increasing#
values towards the northern end of the Kwinte Bank.

Macrofauna

Density: densities of the macrofauna range from 500 ind./m2 (S%’B)
to 15330 ind./m2 (SB 4). The mean value is 4910 ind./m2 (tablg 2).

The lowest values are recorded in the fine sediment stations, where-

~as higher values are found in the coarser deposits, mainly due:to

the large number of interstitial Polychaeta and Archiannelida. " On
the Kwintebank, Polychaeta are dominant and make up between 44:%
(SB 7) and 83 % (SB 5) of the macrofauna. Only at SB 8 they are

less important (28 7%); in this station Crustacea show a relatiye

abundance of 64 Z. The high density of macrobenthic organismé in
station SB 4 is striking. Not only Polychaeta are well represen-
ted (10470 ind./m?), but also the Archiannelida (870 ind./mz), 01li-
gochaeta (800 ind,/mz), Nemertinea (620 ind./mz), Mollusca (1650

v ind./mz) and Echinodermata (860 ind./mz) are abundant in comparison

with the other stations.

Total macrofauna density shows a significant linear trend and-

with median grain size and is mainly due to the dominance of the
R st - ot bl = )
Polychaeta which repeat both trends. Among the other macrofauna
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groups dnly the Oligochaeta and Echinodermata show no linear trend
but all groups including those two are clumped and all except the
Echinodermata show significant or very significant correlations with

median grain size (table 3). However, for the Crustacea the trend

is oppos1te to that of the other macrofauna“ groups as they are more

abundant in the finer grained sediments on the South end of the

bank.
Species compos1t10n. in this study, 37 species of Polychaeta, 4

#

species of Archlannellda, 12 species of Mollusca; 17 species of
Crustacea and 3 species of Echinodermata have been found (table 4).

In all stations Hesionura augeneri is the most dominant species,

representing almost 55 % of the macrofauna. In stations SB 1, SB 2,
SB'3, SB 4 and SB 5 this species reaches numbers of 2000 (SB 1) to
7700 (SB 4) ind./mz, whereas in the southern area it is less abun-
dant: between 20 (SB 8) and 790 (SB ]O) ind./mz. Other dominant

species on the Kwinte Bank are, in descending order: Protodriloides

SP. Nemertinea spp., Oligochaeta spp., Protodriloides chaetifer,

Macrochaeta helgolandica, Spisula spp., Microphthalmus listensis,

Glycera capitata, Nephtys cirrosa, Bathyporeia elegans, Polygor-

dius appendiculatus, Spio filicornis, Tanaissus 1illjeborgi and

Ophelia borealis.

Fig. 3 represents the dendrogram resulting from the normal (Q)
analysis, appiied to all stations using all species except the Oli- -
gochaeta, Nemertinea and those recorded in one statiom only  (with
a frequency smaller than 10 %). Two major station groups can be
distinguished. Group I contains three stations: SB 2, 3 and 4 (coarse
to medium sénd), group II contains the other stations: SB 1, 5, 6, 7,
.é, 9 and 10. These stations, except SB 5 and SB 6, are characteri-

zed by fine sand. The same groupings are obtained using Polychaeta

uonly; Group I included 53 species and group II has 48 species. In

‘group I i4kSpecies out of 28 Polyéhaeta,‘6 species out of 11 Mollus-
ca and 3 species out of 8 Crustacea are restricted to this group.

The dominantvSpecies in group I are: Glycera capitata, Goniadella

bobretzkii, Macrochaeta helgolandica, Polygordius appendiculatus,

Protodrilus ép., Mytilus edulis and Spisula spp. The species res-—

‘tricted to this group and occurring with high density are Sphaero-

syllis bulbosa, S. hystrix, Protodorvillea kefersteini, Ophryotrocha

gracilis, Aonides paucibranchiata and Polycirrus medusa.

1




In group II 9 species out of 23 Polychaeta, 1 species out of 6 Mollus-

ca and 9 species out of 14 Crustacea are restricted to that group. Spe-

cies which are numerically dominant are Nephtys cirrosd, Spio filicornis,

Ophelia borealls, Protodriloides chaetifer, Gastrosadccus splnlfer Ta—

naissus lilljeborgi and Bathyporeia elegans. Species exclusive to group

IT and with high frequency are ScolOplos érmiger, Splophanes bombyx and

Scolelepis bonnieri. The 1ncreaS1ng importance of Crustacea in group II

is remarkable (N = 20 1nd /m and N = 131 ind. /m Y(table 4).

Many macrofauna species show clumplng along the éandbank but linear

“trends are not so frequent.. They occur in Hesionurad augeneri, Microph-

thalmus similis, both Streptopsyllis species, Glycera capitata, Goniadel- ,

Protodrilus 5P Mytilus edulis and Spisula spp., with increasing den-

la bobretzkii, Macrochaeta helgolandica, Polygordius appendiculatus,

sity towards the coarser northern sedlments, and in Scolelepis bonnlerl,

Tanaissus lilljeborgi and Bathyporela elegans with increasing den31ty

towards the flner, southern sedlments. Correlatlons with median grain

size are uncommon and were only found for Hesionura augeneri, Goniadella

bobretzkii and Macrochaeta helgolandica among the‘polychaetes,~Pr0todri—

lus sps among the archiannelids and Mytilus edulis and Spisula spp.

among the mollusks, where they are positive, and Abra alba among the

mollusks and Tanaissus lilljeborgi and Bathyporeia elegans among the

crustaceans where they are negative.
‘Many of the commoner species show significant differences in density

between the clusters. The exceptions are the Mic:ophthalmus spp., Neph-

tys longosetosa, Scoloplos armiger, Scolelepis bonnieri and Ophelia bo-

realis among the polychaetes, Protodriloides :chaetifer among the archi-

annelids, Caecum glabrum and Abra alba among the mollusks, Pseudocuma

longicornis, Tanaissus lilljeborgi and Megaluropus agilis among the

" crustaceans.

Species diversity: diversity of the macrofauna does not show any trends

but is on average significantly higher in the northern part of the sand-

bank. Diversity is low at stations SB 1, 2, 3, 4, 5 and 10 and this can

be explained by the dominance of Hesionura augeneri. In fact, diversity

is.negatively correlated with median grain size.because of this. In

‘station SB 8 Bathyporeia elegans is§ dominant. » T,

Contrary to species diversity, the number of species shows a very

significant linear trend and increases with increasing median grain

size‘(table 3).

!
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Meiofauna

Density: Nematodes represent more than 50 % of the meiofauna in sta-
tions SB 1, 2, 4, 6, 7 and 8 whereas in stations SB 3, 5, 9 and 10 '
copepods predominate.  The mean density of nematodes and harpaé-
ticoids over all stations is 366 + 77 ind/lOcm2 and 161 + 26 ind/

10 cm2 respectlvely. On average nematodes account for 60.0 7

(range 21.7-- 88.7 7), harpact1c01ds for 33.4 7 (range 9.3 - 64.9 7)

- and other taxa for 6.6 Z (range 1.9 - 17.1 %). The other taxa con-

sist mainly of interstitial Annelida, followed by Ostracoda, Halaca-

rida and Hydrozoa.

Nematodes and copepods show no trends in density and are not clum~

ped along the sandbank (table 4). Ostracoda,and Halacarida

are more abundant in the northern part but Hydrozoa are more abundant

in the southern part. Density of Ostracoda and Hydrozoa is correlated

with median grain size, in an opposite way. ‘ ,

Nematoda:

In the ten saﬁpiing stations 1550 nematodes were idéntified. A list
of the species with their; relative abundance in each sample is given
in table 6. Several indi&iduals could not be identified to species
level, because of the paucity of the material (mostly juveniles). I
all, 136 species were found, belonging to 28 families. Faunal affini-
ties among the stations are illustred in a dendrogram in fig. 4. Spe-
cies occurring only once were eliminated (see table 6).

The ten stations are arranged into three clusters. The first group

comprises stations SB 2, 3, 4 and 5. The nematode taxocene shows a

low amount of dominance by one or a few species. Species with a
mean relative abundance larger than 1 7 over these four stations

belong mainly to the Desmodorida: Chromaspirinakpellita, Desmodora

schu1z1, Desmodorella tenulsplculum, Dracognomus tihae, Epsilonema sp Ay

Ixonema sordldum, Metepsilonema hagmeieri, Microlaimus annelisae, Mlcro—

laimus sp. A, Onyx perfectus and Proqhaetosoma mediterranicum. Other

abundant (more than 1 %) species are: Stephanolaimus elegans, Tricoma

sp. A, Rhynchonema quemer, Theristus roscoffiensis, Theristus sp. A,

Actinonema celtica, Chromadorita aff. mucrocaudata and Cyatholaimidae sp.

Thirgrthree species out of 76 are restricted to this station group I; mem-
bers of the Epsilonematidae and Draconematidae are the most characteris-

tic. These animals (Dracognomus tinae, Epsilonema pustulatum, E. serru-

latum, Epsilonema sp. A, Metepsilonema emersum, M. hagmeieri, Perepsilo-

nema crassum, Prochaetosoma mediterranicum) have a very aberrant habitus

10 -




- within the nematodes and a dlfferent way of locomotlon ( léech-like' mo-

vement)
The second group contains the stations SB 1 and SB 6, and is charac-

terized by a high percentage of Chromédorida, essentially Cyatholaimi-
dae. Among these, the following speéies have a mean relative abundan-

i

ce> 1l %Z: Choniolaimus sp. A, Chromadorlta aff. mucrocaudata, Dichro-

madora cucullata, Gammanema rapax, Lq&ronema aberrans, Pomponema sp. A,

Prochromadorella dltlevsenl, Prochromadorella septempaplllata, Sabatlerla

celtica, Chromadoridae sp. A and Cyatholalmldae sp. A, The Enoplldae

also are rather abundant: Enop101des Splculohamatus, Oxyonchus sp. A,

Rhabdocoma riemanni, Rhabdodemanla LP; A, Trefusia sp.A and Viscosia sp. A.

Other abundant species are Daptonema Ssp. A Gonlonchus v11108us, Theristus

sp. A, Trlchotherlstus mirabilis,. Calomlcrolalmus honestus, Chromaspirina

'pelllta, Desmodora schulzl, Mlcrolalmus sp. A, Onyx perfectus ‘and Rlchter-

sia deconincki. Fifteen species out of 52 are restricted to these two

stations, but none of them showsa déstinct dominance.

The thirdvgroup contains the so&%hern statibnsvSB 7, 8, 9 and 10.
~When compared with the two other station groups, more Areaolaimida and
Monhysterida are present. There ié”no dominance of any species: thé’
following nematodes have a‘maan;réiative abundance > 1 %: Axonolaimus

sp. A, Odontophora sp. A, Stephanolalmus elegans, Daptonema stylosum,’

Gonionchus longicaudatus, Rhyncho@ema quemer, Rhynchonema scutatum,

Theristus sp. A, Trlchotherlstus mlrabllls, Tubolaimoides tenulcaudatus,

Xyala riemanni, Xyala sp. A, Bolbolalmns sp. A, Calomicrolaimus s 'Sp. A,

Chromaspirina inglisi, Chromasp1r1na pellita, Dasynemella albaensis,

Leptonemella granulosa, Leptonemella sp. A, Mlcrolalmus monstrosus, M1—

crolaimus estrac1on, Mlcrolalmus &2_ A, Onyx perfectus, Gammenema sp A

Cyatholalmldae SPe Bathylalmus sp. A, Enoploides spiculohamatus and

Viscosia sp. A. Twenty-seven species out of 78 are restricted to these‘
four statioms. ;

The division of these three groups corresponds to the decrease in
the median partlcle size of the sand fraction. Stationgroup I has
a median grain size larger thap:300’pm and large amounts of gravel.
The sand fraction of group II stations has a median grain size between
230 and 300 jm, with 2-7 % gré&él. 'Groﬁp III contains the fine sandy
stations whose median grain sige is less thah'230‘pm, without gravel.
According to this classifica;f§n, three different types of sediment
on the crest of the Kiinte Bank are reflected in three different ne-

matode associations.

It -
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Significant clumpirig is frequent among nematode species, but
linear trends are rare. -In species occurring in three or more

stations trends were oaly observed in the following cases: Odon-

- tophora sp., Gonionchus longicaudatus, Siphonolaimusfggmé , Bol-

¢ [‘a/tﬁ&

s
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bolaimus ép.‘é, Dasynemella albaensis, Leptonemella granulosa,

Microlaimus monstrosus and M. ostracion, Monoposthia mirabilis,

Pseudonchus _Qﬁé, Ptycholaimellus sp.A and Bathylaimus sp. A ;

in these species density is significantly lower when median

grain size is larger. Only in Desmodora schulzi, Actinosoma cel-

‘tica and Chromadoridae sp. occurs the opposite phenomenon. Dif-

ferences between north and south and between clusters are also

rare, as are correlations with median grain size. Significant

correlations were found for Odontophora sp., Daptonema stylosum,

Gonionchus longicaudatus, Tubolaimoides tenuicadudatus, Xyala sp. A,

Dasynemella albaensis, Microlaimus monstrosus, Microlaimus ostracion,

- Pseudonchus sp.A, Nannolaimus aff. guttatus and Bathylaimus sp. A

where they are négative and in Desmodora schulzi, Desmodorella te-

nuispiculum and Ixonema sordidum where they are positive.

Nematode diversity:

Species diversity H and evenness J' are given in table 5. Both'
values are very high and no large differences among the stations
are observed. Neither species diVersity, nor number of nematode

species show any clumping, trends or correlation with median grain

size (table 4).

Copepoda ’
On the Kwinte Bank 1 cyclopoid and 65 harpacticoid copepod spe-

cies were found. The latter belong to 8 families: Cylindropsyllidae
(16), Ectinosomatidae (14), Paramesochridae (13), Ameiridae (13),
Diosaccidae (5), Tachidiidae (2), Tetragonicipitidae (1) and Cleto-
didae (1). | |
Generally, the Kwinte Bank harbors a very rich and diverse cope-
pod fauna which is esgentially characterized by mesopsammic forms. Spe-
cies occurring with a frequency greater than 10 Z were used for cluster
analysis. The normal (Q) analysis of all station reveals two groups
(fig.5 ). Group I clusters SB 2, 3, 4 and 5; group II clusters SB 1,
6, 7, 8, 9 and 10. The relative abundance of each species per station:
arranged according to these clusters is given in table 7. In group T
the coarser sediment stations are clustered; they represent deposits

with a mixture of sand (375—654/mn),:grave1 and shell. The fauna of

- 12 -



this station group is the most diverse, with 52 species of which 35
are restricted to this group. Three harpacticoid and one cyclopoid
species predominate. In descending order of dominance they are Inter—

leptomesochra eulitoralis, Leptastacus laticaudatus intermedius, Meta-

cyclopina brevisetosa and Ectinosoma reductum. They are associated

“with the following important (4~10 %) species: Eiiopsyllﬁs sp..A

et ]

Diarthrodella secunda and Robertgurneya ilievecensis. Species re-

stricted (dom.> 1Z; freq.»10 %) to this group are Ectinosoma reduc-

tum , Ameira brevipes, Robergurneya ilievecensis, Ectinosomatidae sp.A,

Sarsameira sp.A, Halectinosoma erythrops, Arenopontia sp.A, Paramesochra

helgolandica, Intermedopsyllus intermedius. All other characteristic

species (freq.>10 7) occut with a dominance< 17, except Leptomesochra
confluens; which is quantitatively important in SB 5. - |

In thevsecond station group only finer’(188—288jum) sandé are found. -
The fauna is less diverse, and consists of 29 species, 12 of which are
exclusive to this group. One strongly dominant species (43 Z); Lepta-

stacus laticaudatus intermedius, is associated Withythe following impor=-

tant (4-10 7Z) species: Paraleptastacus espinulatus, Apodopsyllus Sp.A,

Kliopsyllus sg,‘é, Rliopsyllus holsaticus s.str., Evansula pfgmaea.

Species restricted to grotp II (dom. 1 %) are: Kliopsyllus constrictus

s. str., Psammastacus remanei, Stenocaris sp.A and Stenocaris sp. B.

Leptastacus laticaudatus intermedius is abundant in all statioms, but

as Halectinosoma herdmani and Arenocaris bifida it shows a preference

for finer deposits.
Clumping is very frequent in copepod species, but of the commoner
species (domn)lz freq.»30 7) only a few show linear trends: Arenose-

tella sp. B, Thompsonula Hyaenae, Kliopsyllus constrictus, Evansula

pygmaea, Paraleptastacus .espinulatus, Psammastacus remanei and Areno-

caris bifida and in all these species:density is greater in finer

 grained sediments to the south. A significant correlation with median

grain size was found for Halectinosoma sarsi, Klippsyllus constrictus,

Paraleptastacus espinulatus and Arenocaris bifida, where it is nega-

tive, and for Diarthrodella secunda, where it is positive.

Copepod diversity

Diversity values range between 1.24 bits/ind. and 3.16 bits/ind.,
with the highest values It stationgroup I. Diversity Il and the number
of‘species are significantly higher in the northern stations and both

are positively correlated with median grain size (table 5).

..13_.
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DISCUSSION

Macrofauna ,
Density: There is little published information on macrobenthos from

offshore sandy bottoms, particularly sandbanks (Tyler & Shackley, 1980).

Densities of macrofauna from the Kwinte Bank (10400 ind/m2 in group I

and 2400 ind/m2 invgroup I1) are generally higher than those recorded
by other authors from the North Sea. McIntyre (1978) summarized data ‘

- ]4_.

from Subllttoral sedlments between 824 and 1007 1nd /m for fine sandy sub="

strates , between 640 and 1557 ind. /m for coarse sands and 926 lnd /m
for gravel Dicks (1976) found 2719 ind. /m for Ekofisk in the western
North Sea, Rachorsr%ﬂbwk (1978) recorded 2716 to 13176 ind. /m for Sep-
tember—October samples of the German Bight over several years Older
values are much lower: Hagmeler (1923) recorded 116 Lnd /m in the Ger- '
man Bight and 173 ind. /m 1n the N Borkum and NNW Eems estuary Eleg—
vad (1922) found,'90 1nd./m in the Southern North Sea, Petersen (1918)
recorded 284 ind. /m in the Kattegat and Strlpp (1969) found between
315 ind. /m2 (coarse sand) and 690 1nd /m (medium sand) in the Helgo-
lander Blght '

An intensive study of the Southern Bight of the North Sea was made
by Govaere (1978) and Govaere et al. (1980). Three major zones were
distinguished based on macrofaunal differences: an open sea zone, a
transition zone and a coastal zome. Macrofaunal densities found in
the dpen sea zone (2072 ind./mz) and transition zone (1613 ind./mz)
are lower than those found in the Kwinte Bank, which is geographically
iocated in the transition zone, but has a sediment similar to the open
sea zone. ’ ‘ | :

Comparison of densities found in the Kwinte(Bank with those recorded
in literature is difficult becaﬁse we have used a sieve with a small
mesh size (ZSme). Small organisms such as interstitial polychaetes
will be ‘retained by our sieve, yhich was especially chosen as inter-
stitialypolychaetes proved to §§ very important in the sandbank system.

Species composition: Difficulties arise also in comparing the composi-

tion of the macrofauna of the:Kwinte Bank with that of.similar biotopes,
for the reasons mentioned abeﬁe. Interstitial polychaetes are generally
not recorded or they are corn$idered to belong the meiofauna, although

species such as Hesionura augeneri may easily attain a length of 1 cm.
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The segregation in two station groups is partially due to the larger
number of interstitial polychaete species in group I and partially to
Mollusca (more abundant in group I) and Crustacea (more abundant in
group II). ; _ ;

The numerically dominant speéies in the open sea zone, adjacent to

the Kwinte Bank, are inrdescending‘order:‘Spiophanes bombyx (constitu-

ting more than 50 % of the total fauna), Hesionura augeneri, Nephtys

cirrosa, Eteone longa, Bathyporeia guilliamsoniana, Echinocardium cor-

datum, Scolelepis bonnieri, Glycera capitata, Anaitides subulifera,

Spisula elliptica and Echinocyamus pussilus (Govaere et al., 1980). '

Species found exclusively in the opeh sea zone are Anaitides subuli-

fera, Ophiura affinis, Tellina pygmaea, Echinocyamus pusillus; Bran-—

chiostoma lanceolatum, Exogone hebes,.Macfochaeta helgolandica and

Streptosyllis arenae. Of these only Branchiostoma lanceolatum and Exo- =

gone hebes were not found on the XKwinte Bank in this or previous stu-

‘ dies‘(unpublished). Govaere et al. (1980) note’Opheiia.borealis as one

of the dominant species of the transition zon, but they also found

it in the open sea zone. On the Kwinte Bank O. borealis is found in

90 %7 of all stations but with rather low densities.

The macrofauna of the Kwinte Bank thus resembles that of the open
sea zone of the Southern Bight. This is also reflected in the total
number of species, which is 23 sP./m2 for the open sea and 14‘sp./m2
for the transition zone, whereas it is 33 sp/m2 for group I and
22 sp./m2 for group II of the Kwinte Bank. Species number is thus
nearly identical in group II and the open sea zone which are also very
similar in sediment composition. The Kwinte Bank can therefore be con—
sidered as a biogeographical island in the transition zone.

Rappé & Govaere (in preparation) make a comparison between the ma-
crofauna of the Kwinte Bank and the Buiten Ratel, another sandbank‘of
the Flemish Banks (fig. 1). Both sandbanks have a similar sediment
composition. Three species only were recorded on the Buiten Ratel
but not on the Kwintebank.

Hesionura augeneri is the most common interstitial polychaete on the

Kwinte Bank and it represents almost 55 % of the total macrofauna. It
is known from the European Atlantic coast and the Mediterranean coast
(Friedrich, 1937; Laubier, 1965; Hartmann-Schroder & Stripp, 1968;

Westheide, 1972; Hartmann-Schrdder, 1974; Wolff & Stegenga, 1975; Go-

vaere et al., 1980; Rappé & Govaere, in preparation). Govaere (1978) -

1
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found Hesionura augeneri in fine to medium sand, whereas Wolff & Stegenga

(1975) recorded it from medium sand only. Rappé & Govaere (in preparation)

mention a preference for coarse deposits, Hartmann—SchrBder‘&-Stripp (1968)
found it on fine sand mixed with shell gravel. On the Kwinte Bank, Hesio-
nura augeneri has its highest densities in the coarser sediments (range
300 ind./m® - 710 ind./n’). |

Another interstitial polychaete, Microphthalmus listensis, is also

very .common on the Kwinte Bank and shows a préference for fine and me-

dium sands. This species is recorded from different sediments: fine and

medium sand (Hartmann-Schroder & Stripp, 1968),‘medium sand (Govaere, 1978;
Wolff, 1973) and coarse sand (Rappé & Govaere, in preparatlon) Very low
densities (max. 35 ind. /m ) are recorded from the Belgian coastal waters (Govaere,
1978). On the Kwinte Bank highest density was recorded 1n station SB 9

(330 ind. /m ).

Nephtys cirrosa is found in all stations with a maximum of 120 ind./m

at SB 6. This species prefers find and medium sand. It has been‘foun@
by Tyler & Shackley (1980) to be one of the few macrofauna species on a
sandbank in Swansea Bay. Many authors, (Clark & Haderlie, 1960; Gibbé,
1969; Clark, Alder & McIntyre, 1962; Amoureux, 1968; Hamond, 1966; Wolff,
1973 and Kirkegaard, 1969) mention a strong influence of the sedimeht
type on the distribution of the genus Nephtys. Although very similar

in appearance, Nephtys cirrosa and N. hombergii appear to occupy dis-

tinct and separate habitats (Clark & Haderlie, op.cit.). The first
species is found in clean sand whereas the second is more frequent in
fine deposits. Indeed, N. hombergii has never been recorded on the
ridge of the Kwinte Bank, nor in this study, neither in previously

taken samples. It is only found in grabs from the surrounding channels

where silt is present (unpublished results). Nephtys cirrosa seems to
prefer a high energy environment, as oppdsed to. N. hombergii, which was
‘also observed by Hamond (1966). Alheit (1978) aiso mentions oxygen supply
correlated with high energy and salinity as important factors determining

the distribution of Nephtys species in the North Sea.

‘Glycera capitata, a widely distributed polychaete, reaches highest

densities in the coarser deposits (range 100 - 210 ind./mz). Rappé &

Govaere (in preparation) also note its preference for coarse and medium
sand. Other authors mention its occurence in different sandy substfata:
medium and fine sand (Wolff, 1973; Govaere, 1978); fine sand, gravel‘and
shéll deposits (Harris, 1972 and Fauvel, 1923); coarse sand (Kirkegaard,

1969). Hartmann-Schroder (1974) mentions this species as euryoecious.

[
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Spio filicornis, known as a widely distributed species, is found in

all stations although with very low densities (range 10 - 80 ind/mz).
This species occupies all sediment types (Hartmann-Schrdéder, 1971)
with a preference for fine sand (Wolff, 1973).

Macrochaeta helgolandica is represented in group I (medium and

coarse sand) with high densities (range: 300 ~ 710 ind./mz). In

group II the species is less abundant (range: 3 - 100 ind./mz). It

was first reported for the Southern North Sea and the Channel by

Govaere (1978) and until then was only known from Helgoland (Frie-

drich, 1937 - type locality) and the Swedish coast (Banee, 1969)

in coarse sand and shell depos1ts respectively. |
Ophella borealls, found in all stations except SB 4, is most abun-

dant in SB 5 (90 ind. /m ) and SB 6 (60 ind. /m ). Distributional re-

cords suggest that this species is widely spread in the Arctic and

the North Atlantic area. Rappé & Govaere (in preparation) found 0.

borealis on the Buiten Ratel mostly in medium and fine sand. Other

authors also note this species from this type of sediment (Eliason,

1962; Hamond, 1966; Kirkegaard, 1969; Wolff, 1973; Govaere, 1978 as

0. limacina). On the Kwinte Bank O. borealls inhabits also coarse

sand (SB 3: 10 ind. /m 3 SB 5:90 ind. /m ) ‘
Three important species of Archiannelida are recorded: Polygor-

dius appendiculatus, Protodriloides chaetifer and a species of the

genus Protodrilis. On the Kwinte Bank P. appendiculatus shows a

preference for coarse and medium sands (group I) and its hlghest den—

sities are recorded from SB 2 (130 1nd/m ) and SB 4 (120 ind. /m ).

- Rappé & Govaere (1n preparatlon) did not find the species on the

Buiten Ratel Bank. Protodriloides chaetifer reaches densities of

560 ind./m2 (SBkS'and SB 10) and occuts in fine, medium and coarse sands.
It has been recorded for the first time in the Belgian coastal waters
(Rappé & Govaere, in preparation).

Spisula elliptica is common in muddy sand, mﬁddy gravel, fine sand

and shell gravel, whereas Spisula solida prefers sandy bottoms (Tebble,

1966). Rappé & Govaere (in preparafion) note S. solida only from coar-

1

se sand‘and gravel.

Within the Crustacea, Tanaissus lilljeborgi and Bathyporeia elegans

are the most common species on the Kwinte Bank. They both show a pre-
ference for fine sand. The highest densities are found in station SB 7
and SB 8 with values of 60 ind./m2 and 80 ind./m2 for T. 1lilljeborgi

and 100 ind./m2 and 190 ind./m2 for B. elegans respectively.

1
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On the Buiten Ratel Bank T. lilljeborgi did not occur in coarse deposits
(Rappé & Govaere, in preparation). Wolff (1973) found the species in

medium and fine sand. Bathyporeia elegans occurs in fine and medium

clean sand on the Buiten Ratel Bank (Rappé & Govaere, in preparation)
and at Firemore Bay (McIntyre & Eleftheriou; 1968) . Vader (1966)
also found a preference for this type of sediment.'

The‘species composition of the Kwinte Bank is roughly comparable
to the"boreai_off—shore sand association' described by Jones (1950)
or the corresponding 'Venus gallina association' described by Peter-
sen (1914), and also partially to the 'boreal off-shore gravel asso-
ciation' of Jones (1950). As has been indicated by Govaere (1978)
for the communities of the Southern Bight, such an association of
species is often better characterized by less frequenf species than
by dominant ones and especially the interstitial polychaetes and
archiannelids seem to be very characteristic of the communities
described by Petersen (1914) and Jones (1950). In this study we

can report Hesionura augeneri, Microphthalmus similis, M. listensis,

Streptosyllis arenae, S. websteri, Sphaerosyllis bulbosa, S. hxstrix;

Protodorvilléa kefersteini, Ophryotrocha gracilis and Macrochaeta

helgolandica. These species are only rarely recorded in ecological

studies.

It is characteristic for the sandbank system that sessile, tube- -
building polychaetes are represented by a small number of individuals
only, whereas the dominant forms are mobile and‘quickly burrowing

organisms such as Hesionura, Microphthalmus and Nephtys which are

able to withstand the sometimes extreme physical disturbance of the
sediment caused by the strong tidal currents. Withers & Thorp (1978)
have already pointed out that the ability of small crustaceans and
polychaetes to rapidlybre—enter the sediment after having been washed
out is of great importance for their persistence in the system.

Species.diversity: Govaere et al.(1980) found mean diversity values

of 3.28 bits/ind for the open sea and 2.58 bits/ind. for éhe transi-
tion zone. Mean diversity of the macrofauna on the Kwinte Bank in
September 1978 was 2.50 bits/ind., which is lower than diversity in
the open sea zone, even more so when considering that diversity is
. near maximum during that month. Rappé & Govaere (in preparation)
found values 2.14 bits/ind. in October 1977 and 1.34 bits/ind. in
‘March 1978, after winter. These values were very cbmparable wi;h
those found on the Buiten Ratel Bank, i.e. 2.05 bits/ind. in Octo-
ber 1977 and 1.82 bits/ind. in March 1978. Although these banks



have a fauna which is essentially comparable to that of the open sea“
zone, the more stressed nature of the. habitat is clearly reflected

in a lower diversity of the communlty.

Meiofauna

- Density: The relative abundance of the major meiofaunal taxa from the

Kwinte Bank is very 31m11ar to those recorded from other Subllttoral
coarse sands (Moore, 1979& Scheibel, 1973). The meiofauna is charac-
terized by low densities of nematodes and high densities of copepods,
annelids and halacarid mites. Nematode and é0pepod densities are con-
sistent with those found in similar offshore and subtidal biotopes
(McIntyre & Murison, 1973 Ward, 1973; Schelbel 1973;‘Lorenzen, 1974;
Platt, 1977; Moore, ]9735 Tietjen, 1980). ‘

Nematode densities are low when compared with the surrounding re-
gions. For the Southern Bight of the North Sea values dre giVen |

by Govaere et al. (1980) of 1178 ind./10 cm2 for the coastal Zone,

1423 ind./10 em2 for the transition zone and 998.ind./10 cm2 for the

open sea zone., These values are averages ovefr thé‘period 1972-1974
and are too low due to sampling errors. Somewhat higﬁer values
have been reﬁorted for the coastal zone in 1977-1978, with between
1400 and 2860 ind./10 cm2 over all stations and extremes of 80 and
8750 ind./10 cm2 for single stations and an overall mean of 1650
ind./10 cm® over all seasons and stations (Heip et al., 1979).

| Average copepod densities are 244 ind./10 cm2 in the open sea
zone of ‘the Soutliern Bight (Govaere'et-.al.,i980); 151 ind./10 cm
for the Irish Sea (Moore, 1979, and 153 ind./10 cm2 for the Kieler
Bucht (Scheibel & Noodt, 1975).

‘ Values found for the Kwinte Bank (384 ind./10 cm2 for nematodes

2
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and 162 1nd /10 cm2 for copepods) are to be considered too low, especxally for

the coarser deposits and the nematodes, as in very well aerated depo-
sits meiofauna can live deeper than 10 cm (Heip et al., 1977; McLach-
lan et al.,1977). Cores taken by SCUBA diviné to a depth of 20 cm
in July 1978 indicate that our cores contain approx1mate1y 65 7 of

the total melofauna.

Species composition of nematodes: the generic composition of the nema-

tode communities of the Kwinte Bank is similar to those of other clean

sandy biotopes, as far as genera are concerned (Wieser, 1959; Warwick,
1

19713 McIntyre & Murison, 1973; Ward, ]973 Tietjen, 1980 and our con-

tinuing study of the Southern Bight). Most ecolog1ca1 studies of
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marine nematodes describe biotopes which are very different in their
sediment composition, so that different nematode associations are
easily recognizable. Problems arise with the analysis.of one sedi-
ment type, e.g. clean sand.

‘The three station groups determined by clustering reflect three

faunal units, among which the cluster of the coarser sand statioms

SB 2, 3, 4 and SB!5' 1s the most remarkable one: the large amount of

Epsilonematidae and Draconematoidea (8 dpecies) is exceptional for

offshore communities. Until now only Metepsilonema hagmeieri and

Perepsilonema crassum have been found in European off-shore commu-

nities (Lorenzen, 1974); Epsilonema pustulatum occurs in the sandy \

sediment of the Shelly Bank in the Exe estuary (Warwick, 1971). Me-

tepsilonema callosum and Perepsilonema papulosum have been found

in a subllttoral reglon off the coast of Chlle (Lorenzen, 1973).

Nicholls (1980) mentions a Metep31lonema spec1es in sublittoral sand

off the coast of Peru. Offshore Draconematoidea are also scarce:
only five species from a total of 48 were recorded from offshore
habitats (Allen & Noffsinger, 1978). All the other species are
reported from sandy beaches, algae and animal Aufwuchs. R
Epsilonematidae énd Draconematoidea are adapted to the extreme
unstability of the substrate of the sandbanks and are confined to
such biotopes. Most records from these nematodes are from beaches,
which ére also subjected to strong hydrodynamical stress. ‘
Wieser (1959) describes a number of interesting species which
occur on sublittoral coarse bottoms as well as on littoral sand on
the coast of Chile. Nevertheless,’he was unable to define a steno-
typic fauna for the coarse sediments. The genera that Wieser consi-
ders to-:be characteristic for the sublittoral coarse bottoms are the

same as many genera restricted, in our study, to the fine sands, e.g.

Trefusia (compared with Rhabdocoma), Latronema, Campylaimus, OXyonchus,,

Pomponema, Nudora (compared with Monoposthia), Bathylalmus and X zala

The 1nvest1gated sediment of Chile is' probably not coarse énough for

Epsilonematidae and Draconematoidea, or else less shbjected tO'hYdrOf
djnamical stress.,

Comparison of the nematode community of sublittoral coarse bottoms
with data of littoral sand in Europe is difficult, since no quantita-
tive data are available‘abOut nematodes of coarse béaches. Desmodora‘

is characteristic of clean, coarse substrata, where Graphonema, Dichromadora,




and Microlaimus are also common (Ward, 1973). The Following genera

are also abundant in these biotopes: Enoploides, Ixonema, Rhynchone-

ma, Monhystera, Chromaspirina, Hypodontolaimus, Metathromadora, Neo-

chromadora, Richtersia, Bradylaimus, Camacolaimoides, Halaphanolaimus,

Latronema and Sabatlerla (hllarula) This eomposition is similar to

the nematode associations of the Kwinte Bank, with ofAly one exception:
no Epsilonematidae and no Draconematoidea. -
The following species are characteristic for medi'im-coarse sand .

stations in the New York Bight (Tietjen, 1980): Neochromadora poecilo-

somd, Neochromadora pectinata, Prochromadorella neapblitana,.g. para-

mucrodonta Microlaimus spp. and Chromasplrlna SpPp.

of spec1a1 interest is 'habitat 5' in the study of Warwick (1971),

defined as "coarse sands with a more or less permaneht high salinity
water table". The species of this biotope belong to the same genera
as those on the Kwinte Bank (not restricted to the cdarse sediments
only). |
‘It is too early to define nematode communltles for the Kw1nte Bank -

if they ever exist in such a high energy environment. Wieser (1959)
states that the fauna of unstable biotopes consists largely of erratic
'guests' brought in by water movements, and partly of eurytopic and
resistant species, which, though sometimes typical, are distributed in
irregular patches. This is reflected by the unusually low freqdency'

of most of the species.

Station group'II is more closely related to group T than to group III.

The large amount of Chromadoridae species is responsible for this. When
compared with the literature, groups II en III should be discussed to-
gether. The larger number of Araeolaimida and Monhysterida is typical
of fine sands with a small amount of silt. Mc.Intyre & Murison (1973),
Ward (1973) and Lorenzen (1974) obtain comparable results in their
studies of fine-medium sand biotopes. The species composition is
nearly the same, but the relative abundances differ considerably.

At present, we are unable to offer a definite explanation for these
observations, since it is dangerous to interpete quantitative data

based on only one sampling date.

Species dlver31ty the nematode diversities on the Kwinte Bank are

generally hlgher (range 3.29 - 4.58 bits/ind., mean 3.78 bits/ind. )
than those recorded elsewhere in the Southern Bight of the North

Sea (unpublished results). This is certainly influenced by the high
number of microhabitats present in the sediments of the Kwinte Bank.
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Warwick & Buchanan (1970), Heip & Decraemer (1974) en Juario (1975) ,

~ found a correlation between diversity and sedimentological characteris-—.

tics (silt-clay fraction and median grain size of the sand fraction).

This correlation was not found here, and indeed the nematodes appear
to be the only major group in which it is absent (table 4). The
reason for this finding may be that the number of different biotopes
is not sufficiéntly high and that, more specifiéally, no muddy stations
are present.

Species composition of the copepods: most data on copepods, and more

espécially Harpacticoida, of offshore sandy deposits»ére provided

by Soyer (1970), Bodiou & Chardy (1973) and Bodiou (1975) for the
French Catalonian coast and by Moore (1979a) and vaaere_gg_gl.(]980)
for the North European seas.

Clean sands are characterized by the dominance of Cylindropsillidae,
Paramesochridae, Ectinosomatidae and Tetragonicipitidae, the latter
particularly in very coafse sands. This is also found oh Ehe Kwinte
Bank. However, the species compoéition of the Kwinte Bahk differs
in the high number of Ameiridae. Based on the harpacticoid associa-
tioné, Govaere et _al. (1980) distingpished three zones for the Southern
Bight which correépond roughly with the zones defined for the macro-

benthos. They are: 1. a coastal zone characterized by a Microarthridion

littorale - Halectinosoma herdmani community, 2. an open sea zone with

a Leptastacus laticaudatus — Paramesochra helgolandica community and

3. a transition zone with a Leptastacus laticaudatus — Halectinosoma

herdmani community. Although the Kwinte Bank is geographically lo-

cated within the transition zone, the harpacticoid association clear-
ly resembles the open sea zone community, where a total number of 54
species is recorded from 14 stations.  The most common species are

Leptastacus. laticaudatus, Paramesochra helgolandica, Arenosetella ger-

manica, Kliopsyllus paraholsaticus, Psammotopa phyllosetosa, Intermedo-

psyllus intermedius and Evansula incerta.

The resemblance between the harpacticoid associations from the
Kwinte Bank and that of the open sea zone is probably best explained
by the fact that food input in both systems is low though the
reasons are different: strong turbulence in the sandbank and nutrient-
poor waters in .the open sea. : |

Clustering of two stationgroups reflects the existence of a coarse
sdand and a fine sand association. The species composition of group I
strongly resembles the mesopsammic assemblage of the coarse-éands of

ot
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the French Catalonian coast (Soyer, 1970) and the coarse sand aesocia—

tion of the Irish Sea (Moore, 1979a). Comparison with these studieg'SuggesF
that the copepod faunas of medium and coarse (> 300 um) offshore depo—

sits are similar. Here, the follow1ng spec1es are common and/or cha-

racteristic: Ectinosoma reductum, Amphiascus varians, Ameira brev1pes,

Interleptomesochra attenuata, Paramesochra similis, P' helgolandica;

Kliopsyllus coelebs, K. paraholsatlcus, Cyllndropsyllus 1eev1s, C. re~

manei, Intermedopsyllus 1ntermed1us, Leptastacus 1at1caudatus in addl-

tion to different members of the genera Hastigerella, Arenosetelle~@nd

Apodopsyllus.

Only one member of the Tetragonicipitidae has been found, although

they are characteristic of gravels (Bodiou &,éoyer, 1973).  All de-
posits of group II have a median grain size larger than 160 um, whiéh
explaiﬁs the dominance of interstitital forms\(McLachlan et al., 1977;
Moore, 1979b). The harpacticoid- association of group II is eimiljf\

to the Kliopsyllus holsaticus-association described by -Scheibel & ﬁoodt

,(1975) This association is characteristic for the clean well sorted

fine sands (200—300/um) of the Kieler Bight and includes typlcal represen—

- tatives such as Scottopsyllus minor, Evansula pygmaea, Paraleptastacus

1at1caudatus, Leptastacus laticaudatus 1ntermed1us, Rhlzothrlx m1nuta~

and Hastlgerella tenuissima (Scheibel & Noodt, 1975 Sche1be1 1976)

A comparison with fine sand essoc1atlons characterized by a medlag~
grain size smaller than 160 am (Soyer, ,1970; Bodiou & Chardy, 1973;
Bodiou, 1975; Moore, 1979a) reveals a marked faunal change, refléeting
the importance of the interstitial copepod barrier 160 jm in determi-
ning the composition of harpacticoid associations. Many species’%f
the Kwinte Bank are also found in the intertidal of many clean sandy
beaches in Europe (Noodt, 1952; Renaud-Debyser, 1963; Renaud—Debyser

& Salvat, 1963; Wells & Clark, 1965, Fenchel Ef_il" 1967; Jansson,
1968; Moore, 1979b; Mielke, 1976; Harris, 1972).  In particular, the

‘fauna of Whitsand Bay in Cornwall (Harris, 1972) is very 31mllarﬁ,Thls.

beach (300-350 pm) has a harpacticoid fauna dominated by Legtastécus
laticaudatus (25 %) ass001ated with Intermedopsyllus 1ntermed1us*(15 %)

Kliopsyllus constrictus (14 Z) and Psammotopa phyllosetosa (10 7)

From the present study and that of Govaere et al, (1980) it is

suggested that a stable Leptastacus laticaudatus community can be des~

cribed for well sorted clean, fine to medium sands of the Southern Bight

of the North Sea. In the open sea zome L. laticaudatus is associated

with Paramesochra helgolandlca but on the KW1nte Bank this species is

replaced by Paraleptastacus esplnulatus. Whether thls difference in




~associated species is due to seasonal influence or to substrate
composition cannot be decided. In the coarse sands of the Kwinte

Bank this Leptastacus—community gradually changes towards a commu-

nity dominated by Interleptomesochra eulittoralis associated with

" the cyclopoid Metacyclopina brevisétosa. The latter association

is characterized'by a higher diversity and contains many coars?
‘sand indicator species previously described from’Amphioxus—sands
(Monard, 1935; Por, 1964a,b; Soyer, 1970).

Species diversity: diversities recorded in this study (range
1.24 - 3.15 bits/ind.; mean 2.33 bits/ind.) are higher than thbse
recorded from sandy beaches of the Isle of Man (Moore 1979b) ahd

are lower than those found for the deeper, more stable coarse

and offshore fine sand stations of the Irish Sea (Moore "1979a).
Hﬁliﬁgs & Gray (1976) state that meiofauna densities are mainly
controlled by wave, tidé and current action. The same is concluded
by Hartzband & Hummon (1974) for copepod diversity. For high energy
environments, usually with grain size larger than 200 pm, the incfea—
sing diversity values when one goes from exposed littoral habitats'i
to shallow and deeber sublittoral habitats suggest a correlation

with a decrease in hydrodynamical stress.
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General remarks on the benthic communities of the Kwinte Bank

Sublittoral sandbanks are‘usually high-energy environments dominated

by severe hydrodynamical conditions resulting from wave and tidal cur-
rent action. These determine the large-scale geomorphology and small-
scale sedimentology of the sandbanks and thereby influence the composi-
tion of the fauna inhabiting them. It is clear that animals have to be
adapted to survive in this extreme kind of environment and the morpholo-
'glcal characteristics of animals living interstitially or burrowing in
the sands have been noted and studied intensively since many years (Swed-
mark, 1964). Reductions in body size and appendages are commoh in :
 many groups, as are the development of adhesive glands and sensory or-
‘gans. The capac1ty of adaptation to the large varlety of interstitial
env1ronments depends on the inherent morphological plastlclty of edch
taxon and will be decisive in determining the structure of the communlty.

Traditionally, the number of niches in a substratum has been con41de~ "
red to depend on median graln size of the sand fraction, the sortlng
efficiency and the silt gontent (Wieser, 1959; Warwick & Buchanan,)1970;
Heip & Decraemer, 19743 Moore, 1979a). With increasing mediénfgfaiﬁﬁsize
| the interstitial space becomes larger and more varied, thus proVid{ﬁg for
more niches for interstitial living species. The silt content determines
whether these interstitial spaces will be clogged and therefOrelgnavaila-
ble or not. Moreover, an increased silt content indicates a higher food J
supply and this may increase the number of burrowing macrobenthiec species.

On the Kwinte Bank, the 311t content is generally low and the number of
large macrobenthlc species’ is consequently low as well. On the other hand
there is a great diversity of interstitial forms, whlch,qan be linked to
the north-south gradient of decreasing grain size caused by the diminishiné
velocity of the tidal currents. The strong 'mesopsammic’ character of thé
Kwinte Bank is due to the fact that all stations have sediments with a
median grain size larger than 200pm, a critical limit above which inter-
stitial life can abundantly develop (Wieser, 1959; Fenchel, 1978). The
median of 300yqm appears to be another distributional bargier for Benthig
taxa. Interstitial polychaetes become very abundant above this grain si-
‘ze although they occur in finer sediments as well. There are also chan-
‘ges in the copepod taxocene: in the fine sands of the Kwinte Bank most
copepods are species of Cylindropsillidae and Paramesochridae: they are
the smallest harpacticoids. 1In coarser sands; above 300 um, the inter-
“stitial fauna is extended with Ameiridae, Ectinosomatidae and DioSaCcidae.

In gravels the much larger Tetragonicipitidae become abundant. Inh nemato-



des also a number of highly specialized species are present in coarse
sands: the Epsilonematidae and Draconematoidea, which are not burrowers
and show a very special way of locomotion ('leech-like'), contrasting '
with nearly all the other nematodes which are gliders,.
The Araeolaimida, Desmodorida, Enoplida and Chromadorida .all have a
slightly higher‘number‘bf species in coarse sand stations whereas the
generally sméller Monhysterida have more species in fine sands.
FIOveréll'there is no difference between the number of nematode
‘specieskffom fine and coarse sand station. This indicates the high!
specialisation within the nematodes and correlates with their high
diversity. It is not true for the other groups. There are more
polychaete, archiannelid, mollusk and copepod species in coarse. than
in fine sand, and the converse is true for macro—crustaceans.}0vera11,
macrofauna and copepod diversity and demsity are higher incoarse se-
diments. As in the nematodes, there is specialisation withiﬁkthe co-
pepods, with Ectindsomatidae, Diosaccidae, Ameiridae and Paramesochfi-
dae more abundant in coarse sands and Tachidiidae more abundant in fine
sands, whereas only the Cylindropsillidae are about evenly sﬁfead‘éver
different kinds of sediments. | ~ .

That macrofauna is in general less specialised than meiofauna depends
probably on the scale of environmental heterogeneity as experienced by
the individual orgénism; it is/also shown by the‘fact that the number of
stations in which a species' was found is higher in macrofauna (3.4) than
in meiofauna (2.6 for both nematodes and copepods).

The general influence of the substrate on the composition of benthic
communities is also réflected»inkthe similarity of thé dendrograms ba-
sed on presence—absence data. They are nearly similar for the three
groups, only in nematodes are there three clusters instead of two, in@i—
cating again the more specialised nature of this group. This influerce
of substratum has been studied by e.g. Jones (1950) for the macrofauna,
e.g. Soyer (1970) and Moore (1979a,b) for copepods and e.g. Wieser (1959),
Warwick (1971), Ward (1973) and‘Tietjen (1980) for nematodes. A corres-
pondence between macrofaunal and meiofaunal distributions has been ob-
served by Guille & Soyer (1964), Juario (1975), Moore (1979a) and Govae-
re et al.(1980). In general, macro- and meiofauna make up a single sys-
tem of benthic gdmmunities~(Moore; 1979a) and their distinction is putély
a matter of conVeﬁience: only the smaller they get, the larger their spe-

t

cialisation and variability.




The correlation between communi ty characteristics such as density
and dlver31ty and sedlment characterlstlcs such as median grain size is
sometimes as hlgh that a s1gn1f1cant statistical correlatlon ex1sts,

and the linear north-south gradient in sedlmentologlcal characteristics

is in many instances statistically correlated with gradients in communi-

ty parameters'but far less with species densities. As this may be due
to the low abundance of many species no further explanation is sought
here but it has to be pointed out that in abundant species as well 1i-
‘near COrrelationsyare relatively rare.
On the community level, the resemblance between the faunal composition

of the Kwihte Bahk and the open sea zone at the one and exposed sandy

- beaches at the other hand is also striking. This resemblance can only
-be correlated with the sediment'chafaeteristics and not with hydrodyna-

mical conditions, which could explain the resemblance between sandbanks

and beaches, nor with nutrient poor waters, which could explain the re-

semblance between sandbanks and offshore sediments. It seems as though
a numher of spec1es is widely adapted and only a fraction of species is
eliminated in more stressed environments. This would explain the d1ver~
sity gradient found from low diversities in beaches, over intermediate
diversities on sandbanks to high diversities in the open sea zone.

A last point is to con31der the fact that thlS faunal resemblance
occurs in organlsms wh1ch have no pelagic life stages and. whose disper-
~ sal must be slow. If the open sea sediments are the source of new colo-
vnisation, this diversity gradient could be explained by classical bio-

geographical theory by the distancevbetween source and island.
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POLYCHAETA

% Prgtone remote (Southern, 1914) .ccevveececacren
« Eteone longa (Fabricius, 1780) ..evivecanennen
Hestonura augeneri (Friedrich, 1937) ..........
Anaitides mucosa (Oersted, 1843) ...vccuivecdin
Microphthalmus similis (Bobretzky, 1870) ......
Microphthalmus listensts (Westheide, 1967) ....
Streptosyllis arenae (Webster & Bemedict, 1884)
Streptosyllis websteri (Southern, 1914) .......

2 Sphaerosylli8 SP. seevecesssecssreacsecesaenas
Sphaeroeyllis bulbosa (Southern, 1914) ......ie

. Sphaerosyllis hystriz (Clapardde, 1863) .......
« Websterinereis glauca (Clapardde, 1870) .......
Nephtys SPP. (Juv ) I R
Nephtys cirrosa (Ehlers, 1868) ..iceeveiciveess
Nephtye caeca (Fabricius, 1780) ..evvecceccenss
Nephtys longosetosa (Oersted, 1843) ..ccecveace

Contadella bobretzkii (Annenkova, 1929) ..veese
Protodorvillea kefersteini (McIntosh, 1869) ...
Ophryotrocha graczlzs (Huth, 1934) cevneenncone
Scoloplog armiger (Miller, 1776) .cceeviecsvoce

% Orbinta 8p. (JUVe) teeeeesovcecrersssrcosnseoses
Paracnis fulgens (Levinsen, 1883) .evecuvcsccen
Spio ftlicornis (Miller, 1766) ....cocieivesees

* Sptophanes bombyx (Clapardde, 1870) ...icecees.
Aontdes pauczbranchzata (Southern, 1914) ......
Seolelepts bonnteri (Mesnil, 1896) .ocuvececoes

x Malacoceros fuliginosus (Claparéde, 1868) .....
Magelona papillicornis (Miller, 1838) .........
Macrochaeta helgolandica (Friedrich, 1937) ....
Ophelia borealis (Quatrefages, 1865) .covveencn

« Notomastus latericeus (Sars, 1851) ....uieecens
Heteromastus filiformis (Claparéde, 1864) .....

® Lanice conchilega (Pallas, 1766) .ccivecannenne
® Polycirrus aurantiacus (Grube, 1860) .cccvens.s
Polycirrus medusa (Grube, 1850) .iccvvecraenoes

x Spirorbis spirillum (Linmaeus, 1758) ..........
Spirorbis spirorbis (Linnaeus, 1758) ..........

ARCHIANNELIDA

Polygordws appendiculatus (Fraipont, 1887) ...
Protodrilus SPe  sreesssssescescsssssresscsscns
Protodriloides chaetifer (Remane, 1926) .......
SACCOCTITUS 8P+ sevesccsvocsorsssovssarasvasssos

NEMERTINEA ..cvesveccrcsnccscansrsocccscrsscenncs

MOLLUSCA

Mollusca Sp. (JuVe) cecevervcaiancsssescdavenee
Caecum glabrum (Montagu, 1803) sieeesvecccvenan
% Natica alderi (Forbes, 1838) .ciicrcreevuenonns
Mytilus edulis (Linnaeus, 1758) ...cvevsecnnnss
u Astarte triangularis (Montagu, 1803) ...c...v.e
x Dosinea exoleata (Linnaeus, 1758) ceoeccccriose
Tellina sp. (JUVe) cieevveccnacessncscssisnanes
% Tellina donacina (Linnaeus, 1758) ..ceceeveecss
Abra alba (Wood, 1802) ceesvevererocercnncoanen
Sp-z,sula SPR. (JUVL) terveivvcecnceccrcossasscsoene
Sptsula solida (Linnaeus, 1758) ceceveveneosess
Spisula elliptica (Brown, 1827) ..c.evenavrnece
ENBLE SPe  secciceccsstcraserssnnsansstssarases
% Sphenta binghamt (Turtom, 1822) ....cvvevaseoie

CRUSTACEA

Gastrosaccus sptnifer (Go€s, 1864) ...cuievseass
®» Sehistomysis spiritus (Norman, 1860) ..........

% Bodotria scorptoides (Montagu, 1804) ..........

Peeudocuna longicorriis (Bate, 1858) viveeeresss
= Pgeudocuma stmilie (Sars, 1900) iceseivecanaces
Dzaatylw rathke? (Kroyer, 1841) ....cvveeveees
Tanaissus lilljeborgi (Stebbing, 1891) ........
Megaluropus agilie (Hoek, 1889) ...ceevcevvsnes
® Nototropis faantus (Metzger, 1871) .seceiveesans
Jtenothoe marina (Bate, 1857) ..uiceesveranencas
x Bathyporeta guilliamsoniana (Bate, 1856) ......
Bathyporeia elegans (Watkin, 1938) ..ceeveviens
Pontocrates altamarinug (Bate & Westwood, 1862)
# Corophium lacustre (Vanhdffem, 1911) ...ceeeen
Pariambua typicus (Kroyer, 1845) ceevesevarcens
x Crangon crangon (Linnaeus, 1758) .iveeeccceenss
Brachyura spp. (Juv.) cceecstesecceccoosacaneccs
Macroptpus Spp..(JUV.) eeeeisricseiocssoacennane
x Macropipus marmoreus (Leach, 1814) ..........00

ECHINODERMATA

xOphzum SPP. (JUVL) caeesereccrecsserenceanances
« Ophiura texturata (Lamarck, 1816) ...ceveveress
xn Echinocyamus pustllus (Miller, 1776) ..........

Holothuroidea Sp. +ecsesecsnccccrrcanscornnnen

Glycera capitata (Oersted, 1843) ...ecevevecnas |

OLIGOCHAETA tieeecocscvosransronnasnsccctorsebess
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ARAEOLATNEDA

Anomonema deconinoki Jensen, 1976 ..
Azenolat orcombenats Warwick, 1970
Azonolaimus sp.A
Camacolaimus sp.A .
Campylatmus sp. A wow cnsvan
wlinotonemz sp. A ason
Odenzephora sp.A
Odonzophorotdes monhystera (Ga:llch. 1953)
%RARIINEMA 3P, A vevurvrnonnens “
Stepkanoicimus elegans Ditlev
Tarvaia sp.A .een
Arzaolainidae sp.A

DESMOSCOLECTIDA

wDeamoscolezs sp. A .
Iricoma sp.A ..
wDesmoscolecidae lp A

HMONRYSTERIDA

Amphmonnycnra anechma {Southera, 1918)
uDap tonema conioum (Filipjev, 1922)
Daptonema stylosum (Lorenszen, 1973)
Daptonema sp. A ...
jmDisconama sp. A .0
Zlautherolaimus sp.A.
Gonionakus longiccudatus (Hud. 19
Gontaonahug willosua Cobb, 1920 ceenuibuna
uRhynoaonema seramotes Boucher, 1976 ,eeanvss
Rhynchonéma quemer Boucher, 1974 ..cievvenvnoens
Bhynchonima scutitum Lotensen, 1972 ...
Rhynchonema sp.A

Siphonolaimus sp. A .
Southernia sosterae Allgen, 1929 ..
SOULRAPNLE $P.A «vecsnriresvisosunessrn
Tharistus roscoffiensis Vitisllo, 1967
Theristus sp.A ... teesnsanennn .
Trichotheristue mirabilis (Stekhoven & De Coainc
Tubolaimoides :cmu.caudaeu: (Allgen, 1934) ..
Valvaalatmus spA ..o
Xonolaimus sp. Aocaseo
Iyala zmpcx-ic 8oucher & Hclllou-:.
‘Iyala riémanni aouchu 8. delléo
Xyala 89 Aevevann
Moshyscerida sp. A

DESMODORIDA

Bolbolaimus teutonious (lhntun. 1966)
| Bolbolatimus sp. A .
Calomiorolaimus hon
Calomiaorlatmus. $9. A caeracssstovsvns
Chromaspirina inglist Warvick, 1970 .
Chromaspirina parapontica Luc & De Conxnck. 1959
Chromaspirina pellita Gerlach, 1954 .....euee
CYtearonema sp.Ah «oeevnvs P
Dasynemella aldaensis Warwick & nu:. 1973 "
wDaaynemotdes SP.A sovecisccvessen
Desmodora schulsi Geslach, 1950 ...
Desmodorella ecnuuptaulun Allgen, 1929 besensuunien
Dracognomus tinae (Je 8, in presy)
Epatlonema sp. A et eeasiacasernba b
Epailonema puntulatu&l (G r).uh, 19%2) ...
Epsilonema serrulatum Lorenses, 1973
Izonema sordidum Loreussn, 197t .....
ulaptodasynemalla sp. Acveveasisannosen
Leptonamélla granulosa Bouhu. 1975 Luinaes
Loptonemella . s0. Acevsicssvrsesoscvinsvssn
wNetachromadora quadribulda culneu. 1956 N
nemosdsy $p. A.:
lonema emersun Lorenzen, 1973 .....
Netepailonema rigmateri (Sctauffer, 1924) ......
Miavolaimus aoinaces (Warwick & Placc, 1973) ..
Nierolaimus mmcl{nao Jansen, 1976 civenenn
Miorolail halis - (L 1973) .
Nicrolatmus martnus Sehdlsz, 1932 cccoenowi
Niovoldimus Monstrosus Gerlach, 1953 ....
Niorolaimus ostraafon-Stakbovesn, 1933 ..
Niorolaimus 3p. Aveccsoccnancavavenn
Nomoposthia mirabilis Schuls, 1932 .....
Onyz perfectus Riemamn, 1966 ..ecvnsncsns
onema cragsum Lorengen, 1973 ........
Proghaetosoma meditteranicum Allan & uouunn:.
xPeslionena sp. A..
Poaudonchus 8p. A..oes
Richtersia dcaonuaki vhex. ({n pg. 8) oo
wSigmophoranema rufum Cobd
SpErinta sp.A .sveease

CHROMADORYDA

Aotinonema celtica Bouchar, l915 cwvevrosuens
Choniolatmus
Chromadonna

dorita
«CHPORadorita $p. A vocvecsrcanes
Diokromadora. oucullata Lovenszen, !
WEChromadora 9P A soecssrcasrsarsas
Gammanema contoauda Gerlasch, 1933 .
Gammanema papax (Ssaveljev, 1912) ...
Cammarema sp. A...
wGraphonema sp. A
Latronema ab-rranc (Augqn. 19 4) .
Latronema sp. Aceevees
w¥annolaimoides 3p. Aescesas .
Hannolatmus aff. guttatus Cnbh. 1920 ween
lannoldinuc lv.A..«.........-......... .
] vta B her, 1976

LRI B R R 3

e
1
[
CEE e
I3
[ H

(ST RN
[
)

-
w

L4t e e
T

EEEERE
oo

“
~
~

'
D B B B R Y

s
ww

(RN S B A I
]
-
~
~

Tre e
[

o
v

[ I B AT RTINS
LR N Y B ]

* '
LETE S

o~

DR S S

I3
(I S I
~
“
~
“
joo
»
*
o
~
o

PR

[
1
1

R R R R NI

(R BN B
'

EI O I I

-

D N A

»
o

=
0 -

]
:':

e
I I B I I )
4t

1
:‘COrIII:'
ER I R R

.
'
-~

I
o«

e
w

s
‘

[ R

wn

[ T I I
[

w

L Y

o«

&

wo
[

w ©
w

©
e ¢t
LS
s
o
-
[
Ve
'

'
@ mw

LR B O T B

3

R SO N S B T

o
3
IO

»

-
[
——
[N T B S TP Sy

[
]
'

R D

R AN

LI T T ST T SR S S S T SO SR S S I

-

[IE N B R A S I

w
>

RN

R I BN
I
w
[ T I T R S IR
&

o
-
o
“w
NS
w

LR R I RS I

s
'

o

*
[
VU e e

~

w
[

w

(RN EE

o

6.8
ceon 1.8
. 6.3

[ OO N Y]

[ I A
[

~

w

~
w
3

12.6].1.0f 7.9

[
'S
w

Ve <

NN
o
“

+
w_owom
LR

L
NN RN

+
1
'
t
O =
(LD O,

0

3
.8|15.5[24.5)13.14
4 -

2

«
w
EEEREEE

essuaeseanaroneenstn

°

e
o
~
RN E R
)
P
.

*

*

[N
'
[ R

>
-~

~ ~
IR
~ ~

=

»

EIN I I B Y 3

~e

o o0 © oo

[
).
—~w

L S I S T A B O B B R B B A

“w
wo o«

“w

[N EENE NN RN RN

o

.
o
. ~
F T R S S N B S B I B N Y B R S A B Y
o
-
Voo
~
o
o
thte 11

t4oEe

[ R B B O IR A B S SR A B S B AR

>
LI R I A I I )

[ 3K B B
w
“
1

Ee

*
~

[
LI R W S R I R

“w.

[ T
'

o
E e

[ S A 1Y

4.
o

s

©

R I R SR R R A T R T R S TS I I 2

~
w

.

.Ycoahronadora lp. Accevareses resen
tus (Sehuu. l932) vewoneeasasno
P, R lamc;daa ¥ rious !ouchcr. 197 .
Pcraayctholazm. pentodon Riemans, 1966 ....c.n
PAramesonchium $pe. A oesvecissssesarency
Phyliolataus tridestatus Murphy, 1963
Pomponema lotioum Lorensen, 1972 «....
Pomponema gedecima Plact, 1973 ....
PoMDONEME 8P A sicecsaacrensanas
Prochromadorella ditleveeni (4- Kln. 1922) ..
Prochromadorella uptcmpapsllaea flatc, 1973
Prochromadorella sp. A
Ptycholaimellus 3p. Aeso
‘| withips ormata Cobd, 1920 . .o
Sabatieria celtica Southernm, 1914 ......u
wiadacieria puleara (Schnreider, l906) "
Sabatieria sp.A ..
Synonchiella sp-A
. Chromadoridae spA
Cyatholainidae sp.
Comesomatidae sp-4 -
ESOPLIDA
darbonema sp.A ...
Bathylaimus sp. Aveuee
Snoploides sproulohamatus Schulx.
Snoplolatmus zosteras Schuls, 1931 o
tnaplclauuua 8P, Avsusenoevssnaien
«furystoming sp. A.... veess
Halalaimus att, flarucc . Gnrllch. 1967
falalaimug sp. Avuoos
Nesaaanthion kirgutum Ger
02yORAAUS $P.A weavnunsen
ﬂal;gantrophora P Acess ’e
frabdocoma riemannt .Iayurcc '] Harvick. 1977
Rhabdodamania sp. A..
Trefusia sp. A
VYiscoeia sp. A,
Eaoplidae sp.A
wlronidae sp.A ccosevnoen
Oacholaimidae $p.A soeseanesovnnosvnvvosssvnonisanun
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PR

, SB2 | SB3 | SB4 | SBS ?l sBt | sB6 | SB7 | SB8 | SB9 |SBID

CYCLOPINIDAE
Metacyelopina brevisetosa Herbst, 1974 ........... 7.7) - |11.6}19.9|12.8]} -~ - l_ - - - +

L _.ECTINOSOMAIIDAE
Ectincsoma reductim Bozie, 1956 cevessseenseeasana| = 142,21 - + 110.1 - - - - - -
Halectinosoma herdmani (T. & A. Scott, 1894) .....| = - + - + - {11.0§ 5.3} 4.0} - -
Halectinosoma erythrops (3rady & Robertson, 1875).] 2.8} 4.1 2.5} = 1.7 - - - - - -
Halectinosoma sarsi (Boeck, 1872) .ceeeccccccosese} = - - - - + + { 1.4 - - +

xHalectinosoma tenerum Sars, 1920 ceeicecoscecsesss| 2.0 = - - + - - - - - -
Halectinosoma distinctum (Sars, 1920) .ecoeeeeeses) = | 1.3 - + + - - - I = -
Halectinosoma oblongum (Kunz, 1949) ciceevcecceeesd + - - + + - - - - - -

xPgeudobradya minor (T. & A. Scott, 1894) ..iceeeeef - - - + + - - - - - - -

xArenogetella germanica Kunz, 1937 secerecceccocnee) = - - + + - - - - - - -
Arenogetella 8p. A ceeeiervscssscssasisssscscncsee]l = -1 6.4] + + - - - - - - -
Avenogetella Sp. B cueesvessrvescssessssccsssvcese] = - - - - - - - - + | 1] «+

IkArencsetella Sp. C ceececvenssscsssscssesssoscenes| = - - + + - - - - - - -
Ectinosomatidae Sp. A seecevcesccvovscssacsssssesel = 16.0f =~ + 1 3.8 - - - - - - -
TACHIDIIDAE ' '
Euterpina acutifrons (Dana, 1848) ..ccoeovsccscees| = - + + + - 1.7} 1.4 - + - +
Thompsonula hyaenae (1.C. Thompson, 1889) ...ecee] = - - - - - -] 1.4] = + - +
DIOSACCIDAE ‘

KAﬂphiasc'us varians (Norman & T. Scott, 1905) .....| =1 2.5} - - + - - - - - - -
Amphiascus paracaudaespinosus Roe, 1958 ...ocueeedl *+ | - -1 - + -1 -1 - 1 -1 -1 -

x BUlbamphiascus Spe A ceeeecssossccassescsccccncecsl = - - - - 4.2 - - - - - +

( Robertgurneya ilievecensis (Monard, 1935) ........| 3.5 18.6] 3.9} + | 4.7 - - - - - - -

- Psammotopa phyllosetosa (Noodt, 1952) 5.7} - | 3.1] 2.8] 2.5 - -1 2.8 ~1}| 1.2} - +
AMEIRIDAE
Ameira brevipes Kunz, 1954 ceeececescssssaccnaseee] = + ] 1.4113.6} 6.9}f - - - - - - -
Ameiropsis brevicornis Sars, 1907 ..ccceseccenesce| = + - - + - - - - - - -
Leptomesochra confluens Sars, 1911 cccevevaaceseeel - - - 1 4.2] 2.1 - - - - - - -
Sarsameira exilis (T. & A, Scott, 1894) c.evevecesf - - - - - 3.1 = - - - - +
301‘807'101:)‘0 .plA00.00'l.0000‘00...00.0‘!00.0.‘00'0 707 - - - '08 + - - - ¢ 'l.t‘ S-‘
Siecameira leptoderma Klie, 1950 siveeceecccceccnsel = -1 2.2] »+ + - - - - - - -
x Interleptomesochra tenuicornis (Sars, 1911) vesees] = 1.3] =~ - + - - - - - - -
x Interleptomesochra attenuata (A. Scott, 1896) ....| = + - - + - - - - - - -
Interleptomesochra eulitoralis (Noodt, 1952) ..... 1.0 + - [29.7115.0 - - - - - + +

.IkParevansula mediterranea Guille & Soyer, 1966 ....| = - - + + - - - - - - -

. IxAmeiridae Sp. A ceicecnciiioiiscisncecnnancenieenel T - - + + - - - - - - -

Ameiridae Sp. B cocecccccccstecscsstsctccctansscos| - - + + - - - - - - -

Ameiridae Sp. C ceescescvncccccocconsescracsoscoee} = + - + + - - - - - - -

PARAMESOCHRIDAE

x Paramesochra 8imilis Kunz, 1936 ccceviecccnancecse| = - - + + - - - - - - -

Paramesochra helgolandica Kunz, 1936 cevececvicosof 2.8 3.2 -1 1.3 - - - - - - -

L(Lepwpsyllua SPe A sececoccscscaccassasescsncsssas| = -1 1.6 = + - - - - - = -

Diarthrodella gecunda Kunz, 1954 cceeesesccccssess] 3.8 4.4114.9| 3.6] 5.0 - - 1.4{ - + - +

Apodopeyllus 8p. A eecvessesaccssosscsarssensenscal = -] 3.9 + + ]1s5.3] + | 1.4} - - -1 7.8

/ Kliopsyllus holsaticus s.str. (Klie, 1929) .......| 1.0} - 9.7] -1 1.2 + + | 6.91, -1 2.5 8.6} 4.6

“ Kliopsyllus coelebs (Monard, 1935) .ecevseeroioncs) = - | 2.1] + + - - - - - - -

Kltopsyllus constrictus s.str. (Nicholls, 1935) ..| - - - - - - -~ 1 1.9] 5.4] 5.4}10.0] 5.5

K1Zopsyllus S8Pe A cescrcocsessveccssssssavocnccne 16,0} 3.5} 6.1} 1.6] 5.3 - 1.7 - -~ | 6.5| 8.3} 5.3

K1Zopayllug 8p. B cvecevevioreasacsocrcesssssosnns 4.4 =~ - - + 1.4} 1.7} - -1 5.6 + (2.3

Intermedopsyllus intermedius (T. & A. Scott, 1895)f 2.8 + 3.7 - + - - - - - - -

e Scottopsyllus robertsoni (T. & A. Scott, 1895) ...| -~ - - - - - - i 1.4 - - - +

, x Scottopeyllus 8p. A oeevvsscessororestsacescsasen| = - - - - + - - - - -] +
TETRAGONICIPITIDAE . i ,

« | Ptarcpsyllus congimilis (T, Scott, 1894) .....evenl = + -1 + | + -1 - - -1 -1 -
CYLINDROPSYLLIDAE ‘ . .
Cylindropeylius laevis Brady, 1880 .ccceccvccenees - - + - + - - - - - -
Evansula pygmaea (T. Scott, 1903) scoeeecvreeiveest = - - + + |-+ ] 3.4] 1.2 =] 5.4] 6.7

' |xStenocari8 Sp. A csecsccctcecessscecrescsascncanne - - - - - 16.7] = - - - -
XSt@NOCATLE BPe B sasesceccrsssrcsssssscvocassonces| - - - - 9.1 - - - - -
Leptastacus macronyx (T. Scott, 1892) soeecsscscss - + + + + - - - - - -
Leptastacus laticaudatus intermedius Kunz, 1938 ..|36.6{ + |21.4| 8.7 13.6]] 6.0[39.2136.0] 9.8165.8)41.3
xLeptastacus rostratus taurica Marirov, 1974 ,.000e] = - - + + - - - - - -
Ldptaﬂl«aduﬂ minu‘“g Chappull,l954 sssess st sttt - - 557 2.3 - -~ 102 - -
Paraleptastacus espinulatus Nicholls, 1935 .eceesvs - + + 1.4137.1]33.3[68.6] 3.1
Paraleptastacus holsaticus Kunz, 1937 veeevensocosf = - - + + - - - - + -

, Psammastacus remanet Noodt, 1964 .ccecocccncncoces] = - - - - - - - -1 1.1} 2.4
Arenocaris bifida Nicholls, 1935 .cceeesceocscceec] = - - + + - | 1.7} 4.9]15.7f + | 5.0
Leptopontia curvicauda T. Scott, 1902 tevenoncseans| + -1 1.6 + + - - - - - -

xArenopontia subterranea Kunz, 1937 .cccececerceceee] = - - - - - - - -1 1.0 -

o Arencpontia 8P, A ccecerscorsscicscacnsocsreccsoee] T - + | 2.6] 1.3 - - - - - -

xSyrticola flandrica Willems & Claeys, (in press) ] = - -1 1.4} + - - - - - -
CLETODIDAE’ '
KkRhizothriz minuta (T. Scott, 1903) ..ceveeeevveere]| = - + ] -4 + - -t -t -1 -1 -




