
S T A IN A B L E  
N A G E M E N T  OF  

E N O R TH  SEA

A N D R E  C A T T R I J S S E  & M A G D A  V I N C X

B IO D IV E R S IT Y  OF  
T H E  B E N TH O S  
A N D  T H E  A V IF A U N A  
OF T H E  B E LG IA N  
C O A STA L W A T E R S

S U M M A R Y  OF  D A T A  C O L L E C T E D  B E T W E E N  1 9 7 0  A N D  19 9 8





A N D R E  C A T T R I J S S E  & MA G D A  V I N C X

B I O D I V E R S I T Y  OF THE BENTHOS AND THE A V I F A U N A  
OF THE B E L G I A N  COAS T AL  WATERS

S U M M A R Y  OF  D A T A  C O L L E C T E D  B E T W E E N  1 9 7 0  A N D  1 9 9 8

F E D E R A L E  O F F I C E  F OR  S C I E N T I F I C ,  T E C H N I C A L  A N D  C U L T U R A L  A F F A I R S



C O N T R I B U T O R S

A ndre  C attrijsse, Magda V incx, Jan Vanaverbeke, W endy 
Bonne, Maaike Steyaert, Steven Degraer, A nn D ew icke

U n ivers ity  Gent, D e p a rtm e n t B iology
M arine B iology Section
K.L. Ledeganckstraat 35, 9000 Gent, Belgium

H enk O ffringa  1,2, Jan Seys I , Jeroen Van W aeyenberghe I , 
Patrick M eire 1,3

1. Institu te  fo r  N a tu re  C onserva tion  K lin iekstraat 25,
1070 Brussels, Belgium
2. R ijkswaterstaat, D irec tie  N oordzee , AM B W a te rb e h e e r 
Bele idsontw ikkeling,
Koopm anstraat 1 ,2288 BC Rijswijk, The N e therlands
3. U n ive rs ity  o f  A n tw e rp , B iology D epa rtm en t, 
U n ivers ite itsp le in  1, 26 I 0 W ilr i jk

Filip A.M . V olckaert, Bart Hellemans, Els G ysels,T ine 
Huyse, A ldegonde Geets

C atho lic  U n ive rs ity  Leuven, Lab o ra to ry  o f A qua tic  
Ecology,
Ch. de B erio ts traa t 32, B-3000 Leuven, Belgium



T A B L E  OF C O N T E N T S

P R E F A C E    4
SUMMARY __________________________________________________________________________________________ 5
1 .  I N T R O D U C T I O N  _ _   _   6
2 .  M E T H O D O L O G Y  7

3 .  T H R E E  D E C A D E S  OF M E I O B E N T H O S  R E S E A R C H  ON THE B E L G I A N
C O N T I N E N T A L  S H E L F :  AN O V E R V I E W _____________________________________________________________ M
3 . 1 .  I n t r o d u c t i o n  a n d  d e f i n i t i o n  I I
3 . 2 . R e s u l t s  13
3 . 3  D i s c u s s i o n  13

4 .  MA C R O F A U N A  B I O D I V E R S I T Y  P A T T E R N S  OF T HE B E L G I A N  C O A S T A L  WAT E RS _________________ 17
4 . 1 .  D e f i n i t i o n  17

4 . 2 . R e s u l t s  18

4 . 3 . D i s c u s s i o n  19

5 .  E P I F A U N A  OF THE B E L G I A N  C O N T I N E N T A L  S H E L F  21
5 . 1 . D e f i n i t i o n  21

5 . 2 . R e s u l t s  2 2

5 . 3 . D i s c u s s i o n  2 2

6 .  H Y P E R B E N T H I C  B I O D I V E R S I T Y  P A T T E R N S  OF THE B E L G I A N  C O A S T A L  WAT ERS_________________ 24
6 . 1 .  I n t r o d u c t i o n  a n d  d e f i n i t i o n  24
6 . 2 . R e s u l t s  25
6 . 3 . D i s c u s s i o n  25

7 .  THE B E L G I A N  M A R I N E  A V I F A U N A_____________________________________________________________ 2 7
7 . 1 .  I n t r o d u c t i o n  a n d  d e f i n i t i o n  2 7

7 . 2 .  R e s u l t s  a n d  D i s c u s s i o n  2 7

8 .  GENE FLOW OF F I S H E S  B E T WE E N  THE S O U T H E R N  B I G H T  OF THE NORT H SEA
AND THE E N G L I S H  C H A N N E L ________________________________ ____  '______________________________________________ 3_[

8 . 1 .  I n t r o d u c t i o n  31

8 . 2 .  T h e  R e g i o n a l  a n d  P a l a e o c l i m a t i c  S e t t i n g  32

8 . 3 .  D é m e r s a l  S p e c i  e s 32

8 . 4 .  P e l a g i c  S p e c i e s  34
8 . 5 .  C o n c l u s i o n s  3 4

9 .  A P R E L I M I N A R Y  CH E C K L I S T  OF I N F E C T I O U S  E U K A R Y O T E S  ( P A R A S I T E S )  OF F I S H E S  
F ROM THE B E L G I AN C O N T I N E N T A L  S H E L F _ ________________________________    35
9 . 1 .  I n t r o d u c t i o n  35

9 . 2 .  P r e l i m i n a r y  c h e c k l i s t  35

9 . 3 C o N c l u  s i o N s 36

R E F E R E N C E S  38
P R E L I M I N A R Y  S P E C I E S  L I S T  OF THE B E L G I A N  C O N T I N E N T A L  S H E L F  45



B
IO

D
IV

E
R

S
IT

Y
 

OF
 

TH
E 

B
E

N
TH

O
S

 
AN

D 
TH

E 
A

V
IF

A
U

N
A

 
OF

 
TH

E 
B

E
L

G
IA

N
 

C
O

A
S

TA
L 

W
A

T
E

R
S

P R E F A C E

Since the  seventies, Belgian federal research po licy  aimed 
at developing scientific expe rtise  to  su p p o rt decis ion­
making linked w ith  the  N o r th  Sea, in the  co n te x t o f 
responsib ilities at in te rna tiona l leve l.The cu rre n t 
'Sustainable Management o f  the  N o r th  Sea' research 
program m e, financed by the  Belgian Federal O ffice  fo r  
Scientific,Technical and C u ltu ra l A ffa irs  (O STC ), covers 
seven m u ltid isc ip lina ry  research pro jects. Each o f these 
p ro jects aims at suppo rting  a solid scientific background 
a llow ing a long-te rm  po licy fo r  the  use o f the  resources 
o f  the  N o rth  Sea.
The p ro je c t 'S tructu ra l and Functional B iod ive rs ity  o f 
N o rth  Sea Ecosystems: Species and th e ir  H abitats as 
Ind icators fo r  a Sustainable D eve lopm en t o f  the  Belgian 
C ontinen ta l S he lf investigates the  fac to rs  th a t de te rm ine  
and influence the  b iod ive rs ity  o f  m arine ecosystem s.The 
p ro je c t w ill transla te  th is in fo rm a tion  in to  param eters 
useful to  the  po licy makers: iden tifica tion  o f in d ica to r 
species, characterisation  o f sensitive, vu lnerab le  and 
th rea tened  habitats and setting up c rite r ia  fo r  ecological 
m on ito r in g  o f the  Belgian coastal w aters. The subtidal 
sandbanks so typ ica l fo r  the  Southern Bight o f  the  N o rth  
Sea receive special a tte n tio n .T h e  p ro je c t is p roducing  a 
GIS ho ld ing d is tr ib u tio n  data o f  the  m ost im p o rta n t 
benthos and m arine bird species and the  m a jo r habitats 
occu rring  in the  Belgian w a te rs .T he  m entioned  p ro je c t 
also deals w ith  fish parasites and genetic d ive rs ity  o f 
benth ic fish species. The pa rtne rs  in th is  p ro je c t are The 
Marine Biology Section, U niversity o f  G ent (co -o rd ina to r), 
the  Ins titu te  fo r  N a tu re  C onserva tion  o f the  Flemish 
State and the  L a bo ra to ry  o f A qua tic  Ecology o f the  
C atho lic  U n ive rs ity  o f  Leuven.
A ll data available p r io r  to  the  s ta rt o f  the  O STC  p ro je c t 
and know ledge on the  s truc tu ra l b iod ive rs ity  o f  the  
benthos and m arine birds o f the  Belgian C on tinen ta l 
Shelf are summarised in th is review. It includes a full 
species list o f  all benthos, m arine birds and m arine 
mammals recorded in the  study area during  the  past 
th ir ty  years. In add ition , a com p le te  list o f  fish parasites 
recorded in the  area is g iven.The last chap te r looks in to  
the  genetic d ive rs ity  o f  fish in the  southern  p a rt o f  the  
N o r th  Sea.

E l



S U MMA R Y

M arine bio logists have in tensively studied the  Belgian 
C on tinen ta l Shelf (BCS) since the  early seventies. Still, 
much o f the  know ledge on the  b io logy and eco logy o f 
the  b io ta  co llected  remains hidden in lit tle  accessible and 
‘g rey ’ lite ra tu re . A  com p le te  ove rv iew  o f all b iota, from  
the  p lankton to  the  higher tro p h ic  levels, still lacks.This 
synthesis wants to  rem edy th is by review ing the  
know ledge on the  b iod ive rs ity  o f  the  benthos and the  
avifauna o f the  BCS.
To de tec t b iod ive rs ity  patterns, lite ra tu re  data w ere  
co llec ted  on d ive rs ity  measures o f the  benthos 
com m un ities .The re fo re , the  BCS was divided in to  nine 
zones. The dem arcation o f these zones relies p a rtly  on 
geographical and pa rtly  on bio logical in fo rm a tion . For 
each o f these zones, data on species num ber and species 
richness w ere  co llected.
C lear pa tterns in average species num ber have been 
observed fo r  the  m eiobenthos, the  m acrobenthos and 
the  hyperben thos.The  species num ber o f  benth ic 
assemblages in inshore w aters changes dram atica lly 
betw een the  eastern and w estern  end o f the  Belgian 
coast. A  second grad ien t runs perpend icu la r to  the  
coastline and involves an increasing species num ber and 
d ive rs ity  o ffshore. A  th ird  g rad ien t re lating to  depth 
w ith in  a zone needs yet to  be confirm ed. A lso an 
offshore  decrease in density has been observed fo r  
m acrobenthos and hyperbenthos. Avifauna data do n o t 
con firm  these patte rns even though seabird assemblages 
o ffshore  d iffe r from  the  inshore avifauna. A ll observed 
patte rns need yet to  be confirm ed by standardised 
research and m on ito ring , being the  aim o f the  ongoing 
program m e.
Besides the  analysis o f s truc tu ra l and functiona l 
b iod ive rs ity  data on benthos and avifauna, th is synthesis 
also exam ined the  know ledge on the  genetic s truc tu re  
and the  parasite fauna o f fish occu rring  on th e  BCS. The 
lim ited  in fo rm a tion  available on the  Belgian coastal 
w aters poin ts at con tinu ity  betw een fish popu la tions o f 
the . English Channel, the  Southern Bight and the  C entra l 
N o r th  Sea. G enetic differences o f fish parasites have 
been observed in the  area and may aid in addressing 
issues like genetic selection o f the  heavily fished 
populations.



1 .  I N T R O D U C T I O N

Belgium holds a long tra d it io n  in m arine sciences. Since 
the  creation o f the  smallest N o r th  Sea co u n try  w ith  the  
sho rtes t coastline (67km ) and a con tinen ta l she lf o f  only 
3500km 2, m arine scientists have been active in the  Belgian 
coastal w aters. It to o k  how ever m ore  than 140 years 
be fore  the  Belgian au tho rities  decided to  fund the  m arine 
sciences. In 1970, the  firs t national co -o rd ina ted  m arine 
research p ro g ra m m e ‘Sea’ was launched.This p rogram m e 
had, like its successors, an in te rd isc ip lina ry  characte r and 
aimed to  study the  im pact o f  natura l and an th ropogen ic  
processes on the  m arine environm ent.
This synthesis was made fo r  a p ro je c t th a t studies the  
s truc tu ra l and functiona l b iod ive rs ity  o f  benthos, avifauna 
and selected fish popu la tions o f the  BCS. The p ro je c t files 
w ith in  a research program m e, funded by the  Belgian 
federal services fo r  science policy, on sustainable 
deve lopm ent fo r  the  Belgian p a rt o f  the  N o r th  Sea. The 
im p lem enta tion  o f a GIS based upon benthos and 
avifauna data is the  u ltim ate  goal o f th is p ro ject. For th a t 
purpose h is to ric  data w ere  b rough t to g e th e r and 
analysed.
The Belgian C ontinen ta l Shelf (BCS) is the  m ost 
southw estern  p a rt o f the  Southern Bight o f  the  N o rth  
Sea and is bo rdered  by the  D ove r S tra it and the  C entra l 
N o rth  Sea.The N o rth  A tla n tic  d r if t  and the  freshw a te r 
supply o f  the  rivers Schelde and Yzer characterise the  
watermasses. Strong sem i-d iurna l tides and a net tida l 
curren t, running n o rth -eas t parallel to  the  coast, keep the  
w ate rco lum n well m ixed. A  gyre, situated in fro n t o f the  
w estern  p a rt o f  the  coast creates a low  energy zone. The 
physical, chemical and biological characteristics o f  the  
BCS display a g rad ien t from  tu rb id , n u tr ie n t rich and 
w e ll-m ixed  inshore w aters tow a rds  m ore  oceanic 
transparen t and less p roductive  o ffshore  w aters. 
Geologically, the  BCS exists o f a num ber o f m ore  o r less 
m ob ile  sandbank systems separated by gullies.These 
subtidal sandbanks possibly may act: as ‘ islands’ fo r  the  
benthos and demersal fauna.
A ll m arine b io ta  have been studied on the  BCS bu t the  
best-stud ied com ponents are the  p lankton and the  
in fauna.The ep ibenthos has been fo llow ed  since 1970 but 
m ost data have been co llected  solely fo r  fishery  purposes 
and much in fo rm a tion  remains unavailable. In the  
beginning o f the  nineties the  hyperbenthos and the  
avifauna received a tten tion . Seabird and seamammal 
countings sta rted  back in 1986 bu t are continued 
system atically since 1992.

This synthesis summarises scientific in fo rm a tion , co llected  
by Belgian scientists since 1970, on the  benthos and the  
avifauna o f the  BCS, identify ing pa tte rns o f b iod ive rs ity  in 
th e  area. Despite the  fact th a t many e ffo rts  have already

been made to  study the  b io ta  o f  the  BCS, much 
in fo rm a tion  remains hidden in s tuden t theses o r 
unpublished repo rts .
Benthos is here defined as the  fauna th a t is associated 
w ith  the  seabed.The organisms living in th e  sediments 
(infauna) are classified as m eioben thos (nem atodes and 
harpactico ids) and m acrobenthos (polychaetes, bivalves 
and am phipods) on a body size c r ite r io n .T h e  
m icroben thos (bacteria  and pro tozoans) has hardly 
received a tte n tio n .T h e  organisms living on o r  nearly on 
the  seabed are called epibenthos. Data co llected  here 
include m obile  epifauna (decapods, fish, and 
ech inoderm s) w h ile  data on the  sessile fauna w ere  no t 
available.The hyperbenthos com prises all organisms th a t 
occu r in the  lo w e r w a te rco lum n  and th a t live in close 
association w ith  the  sed im ent (mysids, isopods, 
amphipods, larval stages o f infauna and ep ibenthos). 
Furness’ (1993) de fin ition  was applied to  iden tify  the  
m arine avifauna.
N e x t to  the  s truc tu ra l b iod ive rs ity  o f th e  benthos and 
the  avifauna, in fo rm a tion  on th e  functiona l b iod ive rs ity  o f 
the  benthos w ill be m entioned. Finally, the  parasite fauna 
o f fish and the  genetic d ive rs ity  o f  selected fish 
popu la tions received a tten tion .



2 .  M E T H O D O L O G Y

To synthesise bo th  the  open and the  grey lite ra tu re  data, 
the  BCS was divided in to  nine zones (Fig. I) .T h e  
dem arcation o f these zones is based upon known existing 
patterns in the  benthos on the  one hand and on 
geographical units on the  o the r.T he  m eio- and the  
m acrobenthos com m unities change along tw o  gradients. 
Govaere e t al. (1980) distinguished th re e  benth ic zones 
in the  Southern Bight o f the  N o rth  Sea: a coastal zone, a 
trans ition  area and the  open sea. A  second gradual 
change in th e  benthos is found in the  shallow  inshore 
w aters. The negative influence o f the  po llu ted  w ate rs  o f 
the  W este rsche lde  estuary cause the  eastern coast to  be 
less species rich than the  w estern  end o f the  Belgian 
coast.The subtidal sandbanks th a t are characteris tic  fo r  
the  Southern Bight occur in fo u r units on the  BCS. W e 
hypothesise th a t the  geom orpho logy  o f these sandbank 
com plexes d iffers such th a t a d is tinc t benthos fauna is 
found on them .
Z one  I , the  east coast, encloses the  shallow  inshore 
w aters betw een the  Belgian-Dutch b o rd e r and the  city  o f  
O ostende  (Fig. I). Z one  2, the  w est coast, stretches 
betw een O ostende  and the  Belgian-French border. The 
n o rth e rn  lim it o f  these tw o  zones was a rb itra ry  chosen 
as the  southern  tips o f the  ‘Flemish Banks’. The ‘W endu ine  
bank’ is the  only sandbank in zone I (Fig. 2 ) .The so-called 
coastal banks the  ‘S troom bank ’, the  ‘N ie u w p o o rt Bank’, 
the  ‘T rapegeer’, and the  ‘Smalbank’ fo rm  Z one  2 .The 
‘O o s t D yck ’, the  ‘Buiten Ratel’, the  ‘Kw inte Bank’, the  
‘M idde lkerke  Bank’ and the  ‘O ostende  Bank’ cons titu te  
the  Flemish Banks and fo rm  zones 3 and 4. Z one  3 
represents the  slopes and the  tops o f these subtidal 
sandbanks w h ile  zone 4 delineates the  gullies betw een 
them . The -1 Om LLW  line was used to  d iv ide betw een 
these tw o  zones.The Zeeland Banks fo rm  zone 5: the  
‘V lakte van de Raan’, the  ‘A kka e rt Bank', the  ‘G oo te  Bank’ 
and the  T h o rn to n  Bank’.The gullies betw een these banks 
are zone 6. Still fu r th e r  o ffshore  lies the  H inde r Bank 
area (the ‘Bligh Bank’, the  ‘O o s th in d e r’, the  ‘W e s th in d e r’, 
the  ‘Fairy Bank’ and the  ‘N o o rd h in d e r ’). In analogy w ith  
the  Flemish and the  Zeeland Banks the  gullies and the  
banks fo rm  respective ly zone 7 and 8. N o r th  o f the  
H inde r Banks, the  deepest area o f the  BCS is designated 
as zone 9 (open sea zone).

For each o f the  nine zones and fo r  each benthos 
com ponen t and fo r  the  avifauna, data on the  average 
num ber o f species per station, d ivers ity  indices (H ill's  
num ber N , and S hannon-W iener's  H ') and average 
density per sta tion w ere  com piled o u t o f  the  lite ra tu re  
and recen t unpublished data.

O n ly  the  hyperbenthos data allow ed com paring d ive rs ity  
indices over the  nine zones. For the  o th e r benthos fauna 
data w ere  to o  scattered o r simply to o  rare fo r  de tecting  
d ive rs ity  trends over the  study area. The only measure fo r  
s truc tu ra l d ive rs ity  th a t could be used fo r  m eio-, macro 
and ep ibenthos was the  average num ber o f species pe r 
station.
C o llec ting  th is in fo rm a tion  produced a benthos species 
list fo r  the  BCS (see appendix). It must be m entioned  
th a t th is list is fa r from  com ple te  since much in fo rm a tion  
is still unavailable.
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3 .  T H R E E  D E C A D E S  OF M E I O B E N T H O S  R E S E A R C H  ON THE 
B E L G I A N  C O N T I N E N T A L  S H E L F :  AN O V E R V I E W

3 . 1 .  I n t r o d u c t i o n  a n d  d e f i n i t i o n

M eiofauna are benth ic  organisms passing a I mm sieve 
and being re ta ined on a 38pm  sieve. D om inan t taxa 
w ith in  the  m e iobenthos are nem atodes and harpactico id  
copepods, w hich reach ve ry  high densities in so ft 
sediments. O th e r taxa  include kinorhynchs, turbe lla rians, 
in te rs titia l polychaetes and many o thers  (Plate I). 
M e iobenthos samples are usually co llected using 
boxcore rs  o r  re ineck boxcorers. These are subsequently 
subsampled using sm aller cores (surface I 0cm 2), from  
which the  to p  10-20 centim etres are studied.

H arpactico ida N em atoda G astro tricha

O ligochaeta Polychaeta Tardigrada Priapul ida
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T a b l e  1 .  S u m m a r y  o f  m e i o b e n t h o s  l i t e r a t u r e  o f  t h e  BCS .  Ma x i m u m  a n d  m i n i m u m  d e n s i t i e s ,

B I O MA S S  AND D I V E R S I T Y  NUMBERS N0 AND Nj  ARE G I V E N  PER ZONE AND PER T A X ON OMI C  GROUP.  

( NEMA =  N E MA T ODE S ;  HARP =  H A R P A C T I C O I D  COP E P ODS ;  T OT A L  =  T OT A L  M E I O B E N T H O S )

Reference Zone Taxa D ensity  
( in d ./1 0cm 2)

Biomass
(g C /m 2)

No N,

Decraemer 1972 2 nema 2-38 1.12-9.20
Heip & Decraemer 1974 1 nema 13-74 2.33-18.13
Jensen 1974 2 nema 25-31 13.80-18.40
Claeys 1979 3 nema

harp
107-1836 
34- 577

0.083-2.696
0.001-0.004

21-58
4-18

Govaere et al. 1980 1-9 harp

total 934-1261(1,2) 
623-2735(4) 
757-1640 (5,7)

0.89/st.( 1,2) 
8.9/st (3) 
13.7/st (4-6)

1.15 (1,2) 
3.94 (3) 
6.63 (4-6)

Heip et al. 1 980 1,2 nema 300-4220(2) 0.290-0.353 4-30
Heip et al. 1 982 1,2,3 nema 2175 (1,2) 

628(3)
0.239 (1,2) 
0.071 (3)

Willems et al. 1982 3 nema
harp
total

134-1095
35-342
186-1234

25-54
5-37

W illems et al. 
unpubl. report

3 nema
harp
total

58-1095
25-342
186-1234

25-54
5-37

Heip et al. 1 983 1-9 nema
harp

1 190-1920(1,2) 0.160-0.239(1,2) 1 -1 6/st( 1,2) 
1 3.7/st(3) 6.49(3)

Heip et al. 1984 1,2 nema

harp

706-2472(1)
1337-2285(2)
6-45.1(1)
1.6-10.8(2)

0.090-0.250(1)
0.130-0.220(2)

3.8-23.5(1) 
2-1 1 (2) 
0.005-0.036 
7(2)

10(1)

Heip et al. 1 985 1,2 nema

harp

336-2710(1)
203-4631(2)

0.160-0.239(1)
0.189(2)

1 1-16(1) 
3-8(2) 
2-8(1) 
0-1(2)

Huys et al. 1 986 2 harp 8-20
Chen 1987 1,2,3,6,9 nema

harp

total

787(1)
1934(2)
173-454(3)
639(6)
254(9)
315(1)
63(2)
120-267(3)
50(6)
207(9)
1417(1)
2318(2)
441-806(3)
767(6)
55 1 (9)

0.149(1)
0.260(2)
0.020-0.028(3)
0.101(6)
0.026(9)

38(1)
9(2)
32-55(3)
55(6)
65(9)
1 1(1) 
1(2)
9-25(3)
12(6)
33(9)

15.83(1)
4.95(2)
7.19-37.76(3) 
33.85(6) 
40.58(9) 
2.42(1)
1.00(2)
6.20-14.90(3) 
6.58(6) 
18.95(9)

Vandenberghe 1987 6 nema
harp
total

358-3781
44-260
819-4727

37-56

Herman 1989 1,2 nema

harp

total

706-2758(1) 
383-463 1 (2) 
16.6-121.1(1) 
0.9-121.2(2) 
750-2795(1) 
210-3087(2)

0.010-0.070(1)
0.001-0.010(2)

1.4-1 1.95(1) 
1.3-3.8(2)

1.09-2.89(1) 
1.03-1.5 1

Vincx 1989 2 nema 55-5610 3-16
Vincx & Herman 1 989 1,2,3,4 

6,8,9
nema
harp

948-1509
20-70

0.092-0.231
0.004-0.020

Heip et al. 1990 1-9 nema
harp

1350(1+2) 0.070
0.008

5(2)

Vincx 1990 1,2,3,4 
6,8,9

nema 7 .6 /s t(1,2) 
30.3(3) 
22.7(4) 
32.3-33(6,9)

3.15-88.00

1-luys et al. 1992 North Sea harp 5-29
Steyaert et al. 1994 1,2. nema 2528-3268(1)

346-1083(2)
Steyaert et al. 1996 1,2 nema 2.00-7.00(1)

1.50-6.50(2)

IQ



Table I shows lite ra tu re  data co llected  up to  p resent on 
the  BCS. D ensities are expressed as ind ./IO cm 2. D ive rs ity  
is expressed as H ill's  num bers N 0 and N , (H ill 1973). 
These num bers w ere  calculated from  the  orig inal data 
w hen possib le .The S hannon-W iener d ive rs ity  index H ' 
was o ften  used in e a rlie r studies, bu t H eip e t al. (1988) 
p re fe rred  the  use o f H ill's  num bers to  express benth ic 
d iversity.Tota l biomass values are listed (o r  recalculated) 
in gC /m 2.The C -co n te n t o f  a nem atode was assumed to  
be 0 .4 2 *d ry  w eight, the  estim ated conversion fa c to r fo r  
harpactico id  copepods was 0 .4 *d ry  w e igh t (C. N eira, 
pers. com m .).
For some studies, it was no t possible to  find o u t w hich 
area has been investigated.These studies w ere  th e re fo re  
no t included in Table I . Some o f the  listed results no t 
only apply fo r  the  BCS but also include data from  
stations outside the  BCS.

Mean m eiobenthos densities d o n 't d iffe r much and 
fluc tua te  betw een 1000 and I 500 ind./1 0cm 2 (Fig. 4). The 
mean densities on the  Kw inte Bank (zone 3) are how ever 
much lower.
D espite  the  absence o f any density re lated trend , a clear 
pa tte rn  in d ive rs ity  could be found. D ive rs ity  w ith in  the  
nem atode com m unities c learly increases w ith  increasing 
distance from  the  shore (Fig. 5). A  five fo ld  increase in 
average species num ber per station was observed 
betw een the  inshore and "o ffshore" zones.The 
harpactico id  copepod d ive rs ity  showed a sim ilar pa tte rn  
(Fig. 6). Here, the data suggest an increase in the mean 
num ber o f species per station w ith  a facto r 30 between 
zone I and 9.

AV ERAGE ME I O B E N T H O S  D E N S I T Y  PER ZONE

3 . 2 .  Re s u l t s

Figure 3 shows th a t m ost studies w ere  conducted in the  
near coastal area. D uring  the  h is to ry  o f Belgian 
m eiobenthos research, 68 stations w ere  visited in zone I 
and 58 stations in zone 2. In zone 3, only 10 stations, all 
on the  Kw inte Bank, w ere  investigated w h ile  in deeper 
areas even less research was conducted. N o  data w ere 
found from  zone 5 and 7.

NUMBER OF M E I 0 F A U N A  S T A T I O N S  PER ZONE
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1(37) 2(29) 3(14) 4(5) 5(0) 6(1) 7(0) 8(14) 9(6)
zone (number o f observations)

3 . 3 .  D i s c u s s i o n

Care is needed when com paring densities, biomass values 
and species richness re p o rte d  by several authors. 
D iffe re n t sampling m ethods (e.g. Van Veen grab, Reineck 
bo xco re r) yie ld incom parable  data (ce rta in ly  fo r  absolute 
densities). However, the  data used here still a llow  
detecting  general trends. D ive rs ity  indices are depending 
upon to ta l sampling size, w hich in tu rn  depends upon the  
m e thodo logy  (sampling equipm ent, num ber o f stations, 
num ber o f rep lica tes ,...) bu t fo rm  the  m ost ob jective  
c r ite r io n  fo r  com paring d iffe ren t areas.
The increase in species d ive rs ity  w ith in  the  nem atode 
and harpactico id  com m unities from  zone I to  9 still has 
to  be confirm ed by new  data orig ina ting  from  stations in 
zones 4 to  7. Figure 5 suggests th a t the  highest values fo r  
nem atode d ive rs ity  are reached in zone 6. In addition, 
copepod d ive rs ity  m ight reach its m axim um  closer to  the  
coast than in zone 9.
The lack o f a pa tte rn  in m eiofauna density (Fig. 4) should 
be trea ted  w ith  caution. Mean densities fo r  zone 4, 8 and 
9 w ere  mainly co llected  by Govaere e t al. (1980) w ho  
used a Van Veen Grab, a m ethod underestim ating
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m eiobenthos density. The absence o f  a density zonation  
pa tte rn  could fu r th e r  be due to  the  sampling 
m e thodo logy  applied by W illem s et al. (1982) fo r  the  
Kw inte Bank (zone 3 ) .These authors investigated only the  
sed im ent dow n to  a depth o f IO cm, w h ile  in these kind 
o f w e ll-ae ra ted  sedim ents the  fauna can pene tra te  the  
sed im ent dow n to  a depth o f 20 cm o r m ore. W hen  
com paring th e ir  values w ith  cores investigated to  20cm 
sedim ent depth, it seemed th a t they  only found 65% o f 
th e  to ta l fauna.
Based on harpactico id  com m unities, Van Dam m e & Heip
(1977), fo llow ed  by Govaere e t al. (1980), subdivided the  
BCS in th ree  zones: a coastal area (<  I 0 m dep th ) w ith  a 
re la tive ly  p o o r com m un ity  (0.89 species/station,
N |=  I . I 3), an open sea com m un ity  (>  20 m) w ith  a rich 
com m un ity  (13.7 species/station, N , = 6.63) and a 
trans ition  zone in betw een w ith  in te rm ed ia te  values (8.9 
species/station, N | = 3.94).
Coastal sediments are inhabited by the  Microarthridion  
l i ttorale-Halectinosoma herdmani-com m unity. The large 
surface-dw ellers (ep iben th ic  species) and b u rrow ing  
species (some endoben th ic  ectinosom atids) o f  th is 
com m un ity  are de tritus  feeders and m ost com m on in 
m uddy sands. Halectinosoma herdmani, a large ep iben th ic  
species, and Leptastacus laticaudatus, a small in te rs titia l 
species, typ ify  the  com m un ity  occu rring  in the  trans ition  
zone. In th is area, the  organic m a tte r co n te n t o f  the  
sediments is lower, bu t stations o ften  conta in large 
am ounts o f de tritus  (H e ip  e t al. I 9 8 3 ).The open sea 
com m un ity  is characterised by tw o  small in te rs titia l 
species: the  Leptastacus laticaudatus- Paramesochra 
helgolandica-com m unity. Since small species dom inate , a 
low  biomass is recorded  (Huys e t al. 1984). In te rs titia l 
harpactico ids are grazers, requ ire  clean sands and are 
com p le te ly  absent in sediments w ith  mud co n te n t (H e ip  
I 980). These typ ica l in te rs titia l species o f the  fam ilies 
Paramesochridae and C ylindropsyllidae fo rm  a 
hom ogeneous ecological group to g e th e r w ith  some 
species o f Ectinosom atidae, D iosaccidae and A m e iridae  
(H e ip  e t al. I 990).
Heip e t al. (1984) used both  the  harpactico id  and 
nem atode com m un ity  data to  subdivide the  coastal area 
in an eastern and a w estern  part, co inc id ing  w ith  the  
coastal areas used fo r  th is synthesis.The eastern area 
showed less species-rich nem atode and copepod 
com m unities. Several authors (H erm an e t al. 1985,
H erm an I 989, V incx & H erm an 1989) con firm ed this. 
M eiobenthos com m unities are ve ry  w ell re la ted to  the  
sed im ent s truc tu re . Fine to  m edium  coarse sand 
dom inate  the  heterogeneous w est coast, w h ile  at the  
eastern p a rt the  sed im ent consists o f  fine to  ve ry  fine 
sands w ith  a high mud content. Yet, the  copepod 
com m un ity  o f  the  coastal zone is n o t closely associated 
w ith  sed im ent characteristics (H e ip  1980).
C om paring  the  nem atode d ive rs ity  o f  com parable  
sediments o f o th e r European coastal areas, it became 
d e a r th a t the  nem atode com m un ity  o f  th e  east coast is 
ex trem e ly  im poverished. Sedim ent com pos ition  cannot 
act as the  sole responsible fa c to r fo r  th is pa tte rn  (V incx 
& Herm an I 989). The high mud co n te n t in the  east coast 
sedim ents orig inates from  the  W este rsche lde  estuary 
causing a high am ount erf organic and inorganic po llu tio n  
(V incx & Herm an 1989). A t the  m uddy stations o f the  

IQ eastern Belgian coastal area, less than five copepod 
species are found, all being large ep iben th ic  species.

A V E R A G E  N U MB E R  OF N E M A T O D A  S P E C I E S

PER Z O N E
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I (35) 2(28) 3(15) 4(1) 5(0) 6(2) 7(U) 8(18) 9(4)

zone (number o f observations)

A long  the  w estern  p a rt o f  the  Belgian coast, 
Microarthridion lit torale is o ften  th e  on ly species recorded 
from  m uddy loca lities .The  harpactico id  fauna is also 
im poverished in sandy sedim ents on bo th  sides o f the  
Belgian coast and corresponds w ell w ith  the  com m unity  
o f the  tra n s itio n  zone (H e ip  e t al. 1990). Recent research 
in a few  coastal stations a llow ed fo r  assessing long-te rm  
changes in the  d ive rs ity  o f  nem atode com m unities 
(S teyaert e t al. 1994, 1995, 1996, I 999). The overall trend  
was still valid: coarser sediments, w ith  a w ide  range o f 
m icrohabita ts, conta ined m ore  species than fin e r grained 
sediments. However, the  d ive rs ity  o f  nem atode 
com m unities on a m icroscale (e.g. the  ve rtica l d is trib u tio n  
o f nem atode com m unities w ith in  I 0cm 2) in an east coast 
sta tion was positive ly  co rre la ted  w ith  the  mud co n te n t o f 
the  sed im ent.Th is  is due to  the  h igher d ive rs ity  w ith in  
norv-selective depos it feeders.These species react on an 
elevated depos ition  o f organic m a tte r associated w ith  
fine sed im ents.Th is co rre la tio n  was on ly established in 
spring, w hen oxygen penetra tes deeper in to  the  
sed im ent.The  re la tionsh ip  disappeared w hen the  
sedim ent tu rn e d  anaerob ic.These findings dem onstra te  
the  seasonality o f  nem atode d ive rs ity  in fine-gra ined 
sediments. In contrast, th e re  is a constant high d ive rs ity  in 
coarse sediments, since oxygen is always present in the  
large int.erst.itia.The m ost surpris ing resu lt however, was 
the  fact th a t near the  W este rsche lde  m outh, a shift 
tow ards  riche r nem atode com m unities occurred  when 
com pared to  the  re p o rts  w rit te n  in the  eighties (cf. V incx 
1986).
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Figure 6 . 
S T AT I ON Pf 
O BS E RVA i  I C

V incx e t al. (1990) and V incx (1990) studied the  
nem atode com m unities o f 120 stations in the  Southern 
Bight o f the  N o r th  Sea including bo th  the  Belgian and 
the  D utch  C on tinen ta l Shelf. A cco rd ing  to  these studies, 
the  BCS should be d ivided in to  5 areas. A  coastal area, 
coincid ing w ith  zones I and 2, is separated from  a 
trans ition  area, covering zones 4 and 6, w hich extends 
on to  the  D utch  coast.The Kw inte Bank area (zone 3) had 
a separate com m un ity  and fo rm ed  an island w ith in  the  
trans ition  area. F u rthe r o ffshore, 2 areas w ere  
distinguished from  w est to  east, the  la tte r one continu ing  
in to  the  deeper coastal w aters in fro n t o f  the  D utch 
D e lta  (the V oorde lta -a rea ).T he  coastal area is 
characterised by a low  nem atode d ive rs ity  com pared to  
the  o th e r areas (N 0= 7 .6 ).T h e  nem atode com m un ity  here 
was dom inated by Ascolaimus sp.1, Daptonema  
tenuispiculum and Sabatieria punctata. In the  tra n s itio n  
area, 22.7 species/station w ere  counted, w ith  Enoploides 
spiculohamatus, Paracyatholaimus pentodon, 
Prochromadorella attenuata, Richtersia inaequalis and 
Sabatieria celtica being the  m ost im p o rta n t nem atode 
species, whereas the  stations in the  o ffshore area 
harboured at least 30 species.The w estern  o ffshore  area 
was characterised by a nem atode com m un ity  dom inated 
by Ptycholaimellus vincxae, Onyx perfectus, Rhips ornata, 
Rhynchonema quemer, Spirophorella paradoxa, 
Epsilonem atidae spp. and D raconem atidae spp., w h ile  in 
the  eastern p a rt the  m ost im p o rta n t species w ere  
Chromaspirina parapontica, Dichromadora cuccullata, 
Karkinochromadora lorenzi and Xyala striata. O n the

Kw inte Bank, s ituated in the  tra n s itio n  area, a mean 
num ber o f 30.3 species pe r s ta tion was found .T he  
d iffe re n t nem atode com m unities w ere  re la ted to  a 
specific sed im ent type, however, o th e r environm enta l 
variables (e.g. te m pe ra tu re , salinity, chi a con ten t, N O 3-, 
N H 4+) influenced the  d is tr ib u tio n  o f  nem atode 
com m unities as w e ll.T h e  prevailing clean coarse sands in 
bo th  the  open sea area and at the  Kw inte Bank explain 
the  high d ive rs ity .The  high species d ive rs ity  is re flec ted  in 
the  d is tr ib u tio n  o f the  individual nem atodes ove r the  fo u r 
feeding types as defined b y W ie s e r ( I 953): d ive rs ity  
w ith in  feeding types increases w hen to ta l d ive rs ity  
increases.The coastal area shows a d iffe ren t pa tte rn : low  
species d ive rs ity  com bined w ith  a loss on tro p h ic  
d ivers ity .Th is  can pa rtly  be expla ined by the  lo w e r 
hab ita t he te rogene ity  (b e tte r so rting  o f the  sedim ents 
and a high am ount o f  small partic les), bu t it mainly 
suggests a strong organic p o llu tion  in th a t area.

W ith in  zone 3, only the  Kw inte Bank was studied in 
detail. Claeys ( I 979) and W illem s e t al. ( I 982) give data 
on the  nem atode and copepod com m unities from  10 
stations on th is sandbank. H arpactico ids are m ore diverse 
and m ore  num erous in the  coarse sands at the  n o rth e rn  
end o f the  sandbank than in the  fine sands at the  
southern  end. A  to ta l o f  65 copepod species w ere  
identified.
V incx e t al. (1990) and V incx (1990) considered the  
Kw inte Bank as a separate un it on the  BCS, characterised 
by Bathylaimus parafil icaudatus, Desmodora schulzi, 
Leptonemella aphanothecae and Onyx perfectus. A  m ore 
deta iled analysis by Claeys (1979) and W illem s e t al. 
(1982) revealed the  existence o f th ree  d iffe re n t 
nem atode com m unities on the  sandbank. Again, these 
com m unities re flec t d ifferences in sed im ent g ra nu lom e try  
along the  sandbank.Two groups show close sim ilarity, 
w h ile  the  th ird  com m un ity  is characterised by a high 
re lative abundance o f the  nem atode fam ilies 
Epsilonem atidae and D raconem atidae .Th is  is exceptiona l 
fo r  European 'o ffsho re ' nem atode com m unities. Both 
fam ilies are adapted to  an instable env ironm en t and are 
m ostly found on beaches w ith  s trong hydrodynam ic 
regimes. W illem s et al. (1982) stated th a t it should be 
questioned w h e th e r a tru e  sandbank com m un ity  exists. In 
such high energetic environm ents, it could be possible 
th a t many species are to  be considered as e rra tic  
“ guests” (W ie se r 1959). However, during recent research 
(Vanaverbeke unpubl.) on the  Kw inte Bank, m ore  o r less 
the  same nem atode com m unities w ere  found, including 
the  Epsilonem atidae spp. and the  D raconem atidae spp.. 
There fore , the  existence o f a “ Kw inte Bank nem atode 
com m un ity ” , being to ta lly  d iffe ren t from  the  com m unities 
in the  su rrounding  areas can be accepted. Claeys (1979) 
and W illem s e t a f (1982) used only 100 nem atodes from  
each o f 10 stations, o rig ina ting  from  I sampling campaign. 
The Kw inte Bank nem atode com m un ity  has consequently 
not. been fu lly characterised. Chen (1987) studied the  
nem atodes from  tw o  stations on the  Kw inte Bank and 
found significant d ifferences in to ta l biomass values 
betw een his stations and the  ones re p o rte d  in Claeys 
(1979) and W illem s et al. (1982). Single sampling 
campaigns are indeed inadequate to  gain a com p le te  
p ic tu re  o f nem atode com m unities o f  a highly instable 
environm ent.
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The harpactico id  copepod com m unities on the  Kw inte 
Bank show high affin ities w ith  the  com m unities from  the  
open sea area. Food inpu t in bo th  systems is low  as a 
consequence o f a strong tu rbu lence  around the  sandbank 
o r  o f a low  inpu t from  a n u tr ie n t-p o o r w a te r colum n in 
the  open sea.Two com m unities could be discerned on 
the  Kw inte Bank.The firs t com m un ity  is typ ica l fo r  coarse 
sandy sediments, w h ile  the  o th e r com m unity, including 
many in te rs titia l harpactico ids is usually found in w e ll- 
so rted  sand.The num ber o f species recorded here is 
again qu ite  variable: Claeys (1979) re p o rts  4-18 species, 
W illem s e t al. (1982) found 5-37 species w h ile  Chen 
(1987) ended up w ith  9-25 copepod species.
V incx (1990) found a mean value o f 22.7 nem atode 
species per sta tion in zone 4 .The channels in betw een 
the  sandbanks can probab ly be considered as a trans ition  
zone betw een the  species p o o r coastal area and the  
m ore diverse open sea area.
Vandenberghe (1987) studied one sta tion from  zone 6. In 
tw o  replicates, 41 and 52 nem atode species w ere  found 
making the  species richness in the  channels betw een the  
Zeeland Banks com parable w ith  the  d ive rs ity  o f  the  
deeper parts o f  the  BCS. This sta tion was situated n o rth  
o f the  T h o rn to n  Bank at a g rea te r depth than the  channel 
stations in zone 4, expla in ing the  d iffe rence in nem atode 
species richness betw een these tw o  zones.
L ittle  research has been conducted in the  o ffshore  parts 
o f the  BCS (zone 8 and 9). O n ly  G ovaere e t al. (1980), 
Chen ( I 987), Vandenberghe (I 987), V incx (1990) and 
V incx e t al. (1990) studied the  m eioben thos in these 
areas.The ir data show th a t the  nem atode d ive rs ity  the re  
is h igher when com pared to  the  coastal and trans ition  
areas. Vandenberghe (1987) recorded  37-56 species in 
zone 8, whereas Chen (1987) found 55 nem atode species 
in the  same area and 93 in zone 9. Chen (1987) also 
found the  harpactico id  com m unities to  be m ore  diverse 
w ith  increasing depth (12 harpactico id  species in zone 7, 
33 species in zone 8). Based on nem atode com m un ity  
s tructu re , V incx e t al. (1990) d iv ided the  deeper areas in 
an eastern and w estern  part. D ive rs ity  in bo th  areas is 
how ever qu ite  sim ilar (east: 32.3 species/station; west: 33 
species/station), but a m u ltiva ria te  analysis revealed m a jo r 
differences in the  nem atode com m un ity  com position . 
Summarising it can be stated th a t the  BCS can be 
subdivided in to  areas w ith  d iffe re n t m e ioben thos species 
richness and com m un ity  co m p o s itio n .T h e  com m unities 
re flec t both  d ifferences in sed im ent g ra n o lu m e try  and the  
high organic loading o f the  sedim ents near the  
W estersche lde  m outh. Standardised research ought to  
com p le te  the  p ic tu re . Tem poral va ria tion  o f the  
m eiobenthos com m unities has n o t su ffic iently been 
re p o rte d  making changes in po llu tio n  levels and th e ir  
effects on benthos d ifficu lt to  eva luate .The nem atode 
com m un ity  in fro n t o f the  W este rsche lde  estuary has 
seemingly changed since the  beginning o f the  I9 9 0 ’s, but 
long-te rm  studies still need to  prove this.
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A n d r e  Ca t t r i j s s e  & S t e v e n  D e g r a e r

4 .  MACRO F A U N A  B I O D I V E R S I T Y  P A T T E R N S  OF T HE B E L G I A N  
C O A S T A L  WA T E R S

4 . 1 ,  De f i n i t i o n

M acrobenthos is the  infauna reta ined on a I mm sieve. 
The m ost im p o rta n t organisms are bivalves, polychaete 
w orm s and amphipods, nex t to  infaunal echinoderm s, 
decapods, gastropods and o ligochaetes th a t are less 
representative organisms (Plate 2). Burying larger 
crustaceans like Callianassa and some bivalve species like 
Ensis are com m on in coastal waters but often these 
animals bury to o  deep into the  sediments fo r efficient 
sampling.

P l a t e  2 .
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4 . 2 .  Re s u l t s

Table 2 summarises the  m acrobenth ic  lite ra tu re  o f the  
BCS. Like fo r  the  meiofauna studies, a num ber o f results 
apply to  the  BCS but w ere  based on samples co llected  
on the  BCS a nd /o r in the  D utch o r  French coastal 
w aters. A  large m ethodo log ica l discrepancy exists 
betw een the  d iffe ren t m acrobenthos s tud ies.The mesh 
size o f the  sieve has changed and concom itan tly  the  
m om en t o f  sample fixa tio n .T h e  firs t studies m ention  the  
presence o f a 250pm  sieve under th e  0.87m m  sieve th a t 
allow ed to  sample sm aller size fractions. O n ly  w hen the  
published data a llow ed distinguishing betw een both  size 
fractions the  larger frac tion  was used in the  analysis. It 
needs m ention ing  th a t the  results ob ta ined w ith  both  
m ethodo log ies d iffe r substantia lly and th is hampers 
com paring the  data.
The in tensity o f the  m acrobenthos research d iffers 
strong ly betw een the  nine zones. S im ilar to  the  
meiofauna, the  coastal area and th e  Flemish Banks w ere  
fa r b e tte r surveyed than the  o th e r regions (Fig. 7). 
Especially fo r  the  gullies betw een the  sandbanks and the  
m ost rem o te  open sea area (zone 9) few  studies exist.

The recent studies have simultaneously sampled both the 
slopes o f the banks and the gullies between the banks. Zone 
6 and 8 have thus been sampled but the data have been 
presented as data fo r zone 5 and 7 since it was difficult to  
track what samples were taken in w hat stratum. Yet, most 
samples were collected on the slope o f the banks and 
therefore we consider all samples as slope samples.
Figure 8 represents the  average recorded  densities fo r  
each zone. W h ile  the  density data fo r  th e  m eiobenthos 
did n o t show a trend , th e  averaged m acrofauna densities 
tend  to  decrease tow a rds  th e  open sea.The existing 
m ethodo log ica l d ifferences caution fo r  in te rp re ting  these 
average densities.
The early study o f G ovaere (1978) covers the  w ho le  BCS 
and con trad ic ts  th is p ic tu re  (Table 2 ) .This a u tho r 
describes an increasing average density, average num ber 
o f species and species d ive rs ity  (H ’) tow ards  the  open 
sea.The recen t study o f  C oen jaerts  (1997) sampled only 
fo u r o f  the  nine areas bu t his results suggest a 
contrasting  pa tte rn : a decreasing density and no tre n d  in 
inshore -o ffshore  diversity.
G ovaere ’s (1975) data also suggest a m ore abundant and 
m ore d iverse macofauna on the  w est coast than on the  
east coast, as p ic tu red  in figure 9.

T a b l e  2 .  S u m m a r y  o f  t h e  l i t e r a t u r e  a b o u t  t h e  m a c r o b e n t h o s  o f  t h e  BCS w i t h  i n d i c a t i o n

OF THE AVERAGE D E N S I T Y  ( NUM B E RS / M2 ) , THE AVERAGE B I O MA S S  (MG A D W/ M 2 ) ,  THE D I V E R S I T Y

I N D I C E S  ( N0 , Nx , AND S HA N N 0 N - WEA V ER H ' ) ,  THE NUMBER OF S T A T I O N S  PER Z ON E ,  THE NUMBER OF 

R E P L I C A  T A K E N ,  THE MESH S I Z E  ( MM)  OF THE S I E V E  USED AND,  THE MOMENT OF F I X A T I O N  FOR

EACH STUDY ( I . E .  BEFORE OR A F T E R  S I E V I N G  OF THE S A M P L E ) .

Reference zone dens
(# /m 2)

biom
(mg adw/m2)

No
area

N 0
station

N , H ’ #
stations

#
replicas

Sieve
used

F ixation

Govaere 1975 2 549.0 57 24.1 7 4-5 1 A fte r
Vanosmael 1977 1 4023.3 5597.6 43 15.0 2.01 8 3 0.87 Before
Govaere 1978 1 242.0 1337.0 3.9 1.35 13 2-8 0.87 Before

2 925.8 2677.5 10.6 2.27 10
4 1940.7 4305.8 16.3 2.90 1
5 1078.6 1379.4 19.0 3.30 2
7 797.5 1078.3 14.2 2.98 2
9 4003.6 2935.3 33.0 3.66 1

Rappé 1978 3 413.1 474.5 53 13.0 10 2 0.87 Before
Van Steen 1978 2 1865.3 10741.8 19 7.6 12 3 0.87 Before
Kerckhof 1980 1 842.2 39 17.0 2.26 3 2-3 0.87 Before

2 3418.8 57 28.0 2.49 2 2-3 0.87 Before
Meheus 1981 3 1505.0 756.0 34 8.5 6 3 0.87 Before

3 577.1 45 14.9 10 3 0.87 Before
5 2171.5 2892.8 29 10.3 4 3 0.87 Before

De Rycke 1982 3 3089.3 1440.5 36 16.7 6 3 0.87 Before
5 1530.5 2293.8 2.9 20.3 4 3 0.87 Before

Vanosmael et al. 1982 3 4908.0 73 27.0 10 3 0.87 Before?
Arellano 1995 1 2718.2 2 5 1 Before

2 1375.2 1 5 1 Before
Coenjaerts 1 997 3 1 163.0 39 1 2.0 5.93 42 1 1 A fte r

4 593.1 54 1 1.5 6.28 12 1 1 A fte r
5 835.3 47 10.1 5.73 20 1 1 A fte r
7 145.4 32 5.5 3.77 21 1 1 A fte r

Philips 1998 3 3009.1 87 19.4 6.46 1.68 103 1 1 A fte r
Degraer et al. 1 999a 2 71 5.4 9.80 1.58 40 1 1 A fte r
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NU MB E R  OF M A C R O B E N T H O S  S T A T I O N S  PER Z O NE
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In con tras t to  the  results obta ined w ith  the  meiofauna 
and the  hyperbenthos data (see chap te r 5), the  average 
num ber o f recorded species per station fo r  each zone 
indicates no tre n d  w hen averaging all studies. Again, the  
studies o f G ovaere (1978) and C oen jaerts  (I 997), the  
only tw o  studies th a t sampled over a w ide  geographical 
range on the  BCS, co n tra d ic t this.
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4 . 3 .  D i s c u s s i o n

The sand and gravel m ining activities around the Flemish 
Banks (especially the  Kw inte Bank) and the  Zeeland 
Banks and the  fo rm e r industria l waste dum ping zone 
around the  Zeeland Banks e xp la irr th e  concen tra tion  o f 
m acrobenthos studies in these areas.
R eports on the  e ffect o f dum ping o f industria l wastes 
(titan ium d iox ide , th iocarbam ate  and aniline) on the  
benthos un fo rtu n a te ly  yie lded no in fo rm a tion  on the  
s truc tu ra l d ivers ity  o f  the  benth ic com m unities (M aertens 
1984, 1987, 1989).
Vandamme & Heip (77) and Govaere e t al. (1980) 
d ivided the  BCS in to  th ree  benth ic regions: a coastal, a 
trans itiona l and an open sea region, each w ith  th e ir  own 
com m un ities .The  average biomass and th e  average 
d ive rs ity  o f the  m acrofauna increased betw een the  coast 
and the  open sea. Changes in sed im ent characteristics 
and organic m a tte r co n te n t o f  the  sediments cause the  
differences in the  com position  o f the  benthos 
com m unities (G ovaere 1975, Govaere e t al. 1980,
W illem s e t al. I 982). The inshore -o ffshore  grad ien t in 
organic m a tte r co n te n t o f  the  sediments corre la tes w ell 
w ith  a parallel g rad ien t in phytop lankton  p roduc tion  on 
the  BCS (G ovaere e t al. 1980). Govaere e t al. (1977a) 
d ivided the  Belgian-Dutch coastal w aters in a sim ilar 
fashion.



Up to  date Govaere (1978), Govaere e t al. (1977a) and 
C oenjaerts (1997) are the  only studies tha t covered large 
parts o f the  BCS. The contrasting results o f both authors 
can be explained by the  sampling m ethodology. Govaere
(1978) used a smaller mesh size and his publication did 
no t allow  om itting  the  smaller size frac tion  from  ou r 
analyses.The coarser offshore sediments o ffe r larger 
in te rstitia l spaces allow ing m ore niches and thus higher 
species richness. Govaere (1978) indeed repo rts  a fa ir 
num ber o f small in te rstitia l polychaete species which could 
no t have been found w ith o u t the  size frac tion  o f 250pm. 
The to ta l benthic diversity (N 0 per station) likely fo llow s 
the  trend  re p o rte d  by th is au tho r bu t it should be kept in 
mind tha t when considering the  tru e  m acrobenthos 
organisms only, C oen jaerts ’ p icture  m ight re flect the  
m acrobenthos diversity pattern. Yet, in th a t study samples 
w ere fixed a fte r sieving causing significant loss o f 
individuals.
C oen jaerts  (1997) has sampled along transects 
perpend icu la r to  the  length o f th e  banks. This way, each 
transec t includes stations in the  deeper gullies, on the  
slopes and on the  shallow  bank to p . W e w ere  unable to  
distinguish samples taken at d iffe re n t depth stra ta  and 
th is may have added to  the  resu lt o f  lo w e r species 
richness tow ards  the  open sea. C oen jaerts  (1997) indeed 
observed a positive re la tion  betw een the  m acrofauna 
density and the  d ive rs ity  and depth. In the  gully hab ita t 
and on the  slopes o f the  banks coarser sedim ents occu r 
and riche r com m unities w ere  found. A n o th e r fea ture  was 
th a t the  com m unities o f the  n o rth -w e s t side o f the  bank

diffe red  from  those found at th e  south-east side.
The plume o f the  W estersche lde  estuary negatively 
influences the  benth ic  life on the  eastern coast.The 
depos ition  o f ve ry  fine and contam inated sediments by 
the  rive r decreases both  the  species richness and the  
abundance o f  the  m acrobenthos. The higher standard 
e r ro r  o f  the  average density (Fig. 8) and average species 
num ber per station (Fig. 9) fo r  the  w est coast indicates a 
higher hab ita t d ive rs ity  in th a t area.The habita t 
he te rogene ity  fo r  the  inshore w a te rs  is generally much 
h igher than fo r  the  deeper o ffshore  areas (G ovaere e t al. 
1980).
Table 2 only m entions th e  studies th a t covered the  
subtidal o f the  BCS. The in te rtid a l o f beaches and the  
surfzone have only recen tly  received some a tte n tio n .T h e  
beach m acrobenthos can be d iv ided in to  a low  w a te r and 
a high w a te r com m un ity  (D e Neve 1996, M outon  1996, 
E llio tt e t al. I 997). The fo rm e r assemblage bears affin ities 
w ith  the  subtidal m acrobenthos o f  the  coastal sandbanks 
(D egrae r e t al. I 999b). The in te rtid a l position  de term ines 
the  s truc tu re  o f the  com m unities bu t groins locally 
d is tu rb  the  pa tte rn  (D e Neve 1996).
The functiona l d ive rs ity  o f  the  m acrobenthos has been 
exam ined by Govaere e t al. ( I 977b). These authors 
distinguish a coastal benth ic zone w ith  a high p ro d u c tiv ity  
and food  w eb o f a re lative low  co m p le x ity  from  an 
o ffshore  benth ic zone w ith  a low  p ro d u c tiv ity  and a 
higher com p lex ity  in food  w eb s truc tu re . Both zones 
correspond  w ith  the  coastal and open sea zones 
identified  by G ovaere e t al. (1977a, 1980).



A n d r e  Ca t t r i j s s e

5 .  E P I F A U N A  OF T HE B E L G I A N  C O N T I N E N T A L  S H E L F

5 . 1 .  D e f i n i t i o n

Epifauna com prises all organisms th a t occur on o r  close 
above the  b o tto m . The w o rk ing  de fin ition  fo r  th is benth ic 
co m p a rtm e n t actually defines epifauna as all organisms 
caught w ith  a beam traw l, an o tte r tra w l o r  an ep ibenth ic  
sledge: starfish, sea urchins, squid, shrimp, crabs, benth ic 
and demersal fish (Plate 3). O n ly  re lative larger organisms 
are e ffic ien tly  sampled since the  meshsize o f these gears 
is usually above 5m m .The  exclusion o f sessile ep ibenth ic  
organisms like hydro ids and bryozo ids th a t cannot be 
assessed quan tita tive ly  fu r th e r  narrow s dow n the  te rm  
ep ibenthos fo r  o u r purpose.

P l a t e
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Benthic fishes D em ersal fishes



In fo rm ation  on the  ep ibenthos o f the  BCS is ex trem e ly  
scarce and scattered. Except some survey studies o f the  
Fisheries Research Station and the  data co llec ted  during 
the  beginning o f the  seventies, no data exist on the  
d is tribu tion  o f epifauna in the  Belgian coastal w aters. The 
la tte r publications (Redant 19 77a, b,Van De Velde & De 
C le rck 1977) u n fo rtuna te ly  do n o t supply data useful fo r  
th is analysis. Studies on the  ecological m o n ito r in g  o f  the  
ep ibenthos o f the  dum ping sites do n o t e ith e r (M aertens 
1984, 1987, 1989).
The little  in fo rm a tion  available has been ex trac ted  from  
spring and autum n surveys made betw een 1970 and 
I 974 (D e C lerck & Lybaert I 970, I 97 I , De C le rck & 
C lo e t 1971a, 1971b, De C le rck & C loe t, 1972, 1973, De 
C lerck e t al. 1973, 1974a, 1974b, De C le rck e t al. 1975) 
o f  which only the  surveys made betw een 1972-1974 
conta ined data useful fo r  th is purpose.

NUMBER OF E P I B E N T H O S  S T A T I O N S  PER ZONE
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2 .  R e s l j  l i s

The ep ibenthos surveys served the  com m ercia l fisheries 
and the  m o n ito r in g  o f the  dredging and dum ping zones 
around the  Flemish and the  Zeeland Banks. Consequently, 
alm ost all data apply to  the  inshore w aters (Fig. IO). Less 
than IO stations w ere  fo llow ed  fo r  zones 1, 2, 4 and 5 
w h ile  only one sta tion was found fo r  zones 3 and 7 .The 
existing data suggest th a t betw een the  inshore and the  
o ffshore  areas a small increase in average species num ber 
per station may be present. In parallel w ith  the  m eio- and 
m acrobenthos, the  w est coast stations have a higher 
average species number than the east coast stations (Fig. I I).

A V E R A G E  NUMBER OF E P I B E N T H O S  S P E C I E S
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5 . 3 .  D i s c u s s i o n

The ep ibenthos surveys have been made solely fo r  
fishery purposes and in tended to  m o n ito r the  stocks o f 
the  com m ercia l species. C onsequently, the  data sets 
barely a llow  identify ing d ive rs ity  pa tte rns .The  firs t fo u r 
surveys only re p o rte d  data on the  com m ercia l species o r 
m erely m entioned the  occurrence  o f non-com m ercia l 
species. From the  surveys in 1973 onw ards semi- 
quan tita tive  data on the  non-com m ercia l species was 
recorded.
A  num ber o f  species th a t surely occu r along the  Belgian 
coast have n o t been recorded: all fo u r gobies species 
have been trea ted  as Pomatoschistus minutus, no 
d is tinc tion  has been made betw een bib and poor-cod 
w h ile  Liocarcinus holsatus refers to  six possible sw im m ing 
crab species.
The possible increase in average num ber o f ep ibenthos 
species tow ards  the  open sea w ou ld  agree w ith  the  
pa tte rn  observed fo r  the  m eio and m acrobenthos. The 
d ifference in species richness betw een both  ends o f the  
Belgian shore line exists fo r  the  ep ibenthos as well.

Redant (1977a, b) review ed the  m on th ly  ep ibenthos 
surveys made during the  pe riod  I 9 7 3 -1 975. The th ree  
zones sampled w ere  ‘W e s td ie p ’ (zone 2 ) , ‘V lakte van de 
Raan’ (zone 5) and the  T h o rn to n  Bank (zone 5 ).
The stations used by Redant are the  same o f those o f De 
C lerck and colleagues. I—I is results p o in t at d ifferences 
betw een these areas. A lthough  th e re  was no d ifference in 
average biomass among these areas, some im p o rta n t 
changes w ere  observed in the  biomass com position  o f



both  the  invertebra tes and the  fish. W h ile  around the  
T h o rn to n  Bank starfish and b r itt le  stars dom inated the  
com m unities, shrim p and sw im m ing crabs w ere  m ore 
abundant in the  area o f the  ‘V lakte van de Raan’ w here  
ech inoderm s constitu ted  only a small frac tion  o f the  to ta l 
b iom ass.The ech inoderm s w ere  only com p le te ly  absent 
in the  ‘W e s td ie p ’ in the  w estern  coastal zone.
The biomass com position  o f the  demersal and the  
ep iben th ic  fishfauna o f the  th ree  areas d iffe red  sim ilarly 
in dom inance. The d ifferences betw een the  T h o rn to n  
Bank and the  o th e r tw o  areas w ere  mainly due to  the  
occurrence o f bib at the  T h o rn to n  Bank. D ragone t and 
gobies dom ina ted  th e  catches in the  W estd iep . D ragone t 
being on ly abundant in th is area (Redant 1977b).

Data on the  occurrence o f fish eggs and larvae betw een 
1972 and 1975 have been given by Van De Velde & De 
C lerck (I 9 7 7 ).The w est coast was characterised by a 
h igher d ive rs ity  o f  fishlarvae and a h igher num ber o f 
species than east coast, the  ‘Raan’ o r the  T h o rn to n  Bank.

M aertens (1984) summarises the  m on ito r in g  data o f  the  
ep ibenthos o f  seven stations, sampled betw een 1977 and 
1981. Four o f  these lie in the  deeper zones around the  
Zeeland Banks (zone 6), the  o thers  are inshore stations 
on the  east coast. M aertens (1984) observed clear 
d ifferences in the  ep ibenth ic  com m unities betw een both 
zones. Low er densities, lo w e r biomass and lo w e r d ive rs ity  
occurred  in the  coastal zone. Densities and biomass o f 
coastal stations w ere  strong ly influenced by dredging and 
dredge disposal activities. Seastars, b r itt le  stars and 
gadoid fish dom ina ted  the  ep ibenthos o f the  deeper 
areas w h ile  shrimp, crabs and young flatfish w ere  m ore 
abundant in the  inshore stations.
In a la te r pub lica tion  M aertens (1987) compares the  
epifauna o f m o n ito r in g  stations o f industria l waste 
disposal sites in the  area o f the  Bligh Bank and T h o rn to n  
Bank (zone 8, 3 stations) and stations o f the  coastal zone 
(zone I and 2, 7 stations). In con trast to  the  previous 
re p o rt, the  au th o r now  found much lo w e r densities in 
the  o ffshore  stations. The differences in faunal 
com position  remain how ever: shrim p and crabs dom inate  
the  inshore ep ibenthos w h ile  ech inoderm s dom inate  the  
o ffshore  com m unities. In th is re p o rt, M aertens (1987) 
also observed a clear d ifference in the  inshore epifauna 
densities: to ta l densities at the  w est coast are h igher than 
at the  east coast.
The lo w e r densities o ffshore  was again confirm ed by 
M artens (I 9 8 9 ).Ten years o f m on ito r in g  p roo fed  the  
lo w e r densities in the  area o f the  H inde r Banks.This 
series o f  data also showed th a t the  ep ibenthos hadn’t  
changed substantia lly during th a t era.
These studies le t us assume th a t the  zones defined in the  
in tro d u c tio n  likely exist fo r  the  epifauna: the  w est coast 
differs from  the  east in te rm s o f abundance, o ffshore  
lo w e r densities seem to  occur and, the  epifauna o f the  
Zeeland Banks d iffers from  the  epifauna in the  inshore 
w aters.
The epifaunal foodchain  o f the  Belgian coastal w aters was 
draw n by Redant (I 977b,c) in w hich brow n shrimp, 
sw im m ing crabs and gobies play a m ost im p o rta n t ro le  as 
p reda to rs  and prey.The ro le  o f  b row n shrim p as essential 
fo o d ite m  fo r  the  fishfauna was described by th is au th o r 
in detail (Redant 1980a,b, I 982a,b). The tro p h ic  position  
o f gobies has also been studied in detail by H am erlynck 
and co -au tho rs  (see references).
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6 . 1 .  I n t r o d u c t i o n  a n d  d e f i n i t i o n

The hyperbenthos are the  organisms (ve rteb ra tes  and 
inve rteb ra tes) occu rring  in the  lo w e r m e te r o f  the  
w a te rco lum n, living in close re la tion  w ith  the  b o tto m  and 
being larger than I mm (Mees & Jones I 997). This fauna 
has tw o  com ponents: a pe rm anent one consisting mainly 
o f  mysids, am phipods and isopods and a 
tem pora l/seasonal one w hich mainly include eggs and 
larvae o f m acrobenth ic  and ep iben th ic  organisms (Mees 
& Jones I 997).

The hyperbenthos is generally being sampled w ith  a sledge. 
The de fin ition  is a w o rk in g  de fin ition , w hich actually does 
n o t distinguish the  ep ibenthos s tr ic tly  from  the  
hyperbenthos. H yperben thos organisms are to o  small to  
be e ffic ien tly  caught w ith  the  standard ep ibenthos 
sampling gear. H yperben th ic  sledges usually contain nets 
w ith  a to o  small mesh size to  sample ep ibenth ic  
organisms in a representa tive  way.

P l a t e  4 .  H y p e r f a u n a  t a x a

Isopoda Cumacea

D ecapoda Larvae Fish Larvae C haetognatha Pycnogonida



6 . 2 .  Re s u l t s

Today only one study paid a tten tion  to  the  hyperbenthos 
o f the  BCS and these data are still unpublished. Figure 12 
shows the  d is tr ib u tio n  o f the  sampling stations over the  
nine zones. In con tras t w ith  the  studies o f the  o th e r 
benthos fauna the re  is a m ore o r less even spread o f 
stations ove r the  w ho le  BCS.
The average density is highest in the coastal zone and 
decreases tow ards the  open sea (Fig. I 3 ).The variab ility  
also clearly decreases along the  same axis.

NUMBER OF HYPERBENTHOS S T A T I O N S  PER ZONE AVERAGE HYPERBENTHOS D E N S I T Y  PER ZONE
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The average num ber o f species per s ta tion is s im ilar all 
over the  BCS, excep t fo r  zone I and 9 w here  a low e r 
species num ber has been recorded (Fig. I 4). The hab ita t 
o f  th e  gullies betw een the  Zeeland and the  H inde r Banks, 
zones 6 and 8, are c learly much rich e r than the  hab ita t o f 
the  banks.This d ifference was no t observed fo r  the  
Flemish Banks.
D iversity, expressed as N ,, increases w ith  distance from  
the  coast. A t the  im poverished east coast, the  low e r 
num ber o f species per station results in an extrem ely low  
diversity.The open sea habitat is however very rich (Fig. 15). 
Again, th e  gradients in s truc tu ra l d ive rs ity  (east coast- 
w est coast, inshore -o ffshore  and gully-slope) shown by 
o th e r benthos com ponents exist fo r  the  hyperbenthos as 
w e ll.The east coast harbours bo th  in quan tita tive  and 
qua lita tive  term s, p o o re r assemblages than the  w est 
coast.The average density (Fig. I 3), the  average num ber 
o f species per sta tion N 0 (Fig. 14) and the  d ive rs ity  N, 
(Fig. 15) are lo w e r in the  fo rm e r area. Average density is 
h igher inshore than o ffshore  bu t the  average d ive rs ity  
shows an oppos ite  p ic tu re . In add ition, a depth g rad ien t 
was observed: the  gullies being m ore divers than the  
slopes o f the  sandbanks.

6 . 3 .  D i s c u s s i o n

The hyperbenthos studies o f  th e  BCS are ve ry  recen t and 
no data have been published so far, excep t from  D ew icke 
& Mees (1996) w ho  describe the  com m unities in short. 
C om m un ity  analyses o f the  hyperbenth ic  fauna o f the  
BCS (D ew icke & Mees 1996) show a ve ry  s im ilar pa tte rn  
as given fo r  m eio- and m acrobenthos by G ovaere et al.
(I 9 8 0 ).Two species p o o r com m unities w ith  high densities 
occur inshore. The spatial d is tribu tions  o f these tw o  
com m unities co incide w ith  zones I and 2. N o rth p o f 
these, in the  area o f the  Flemish Banks and the  Zeeland 
Banks a th ird  com m un ity  was identified  w hich had an 
in te rm ed ia te  density and a high diversity. The fo u rth  
com m unity, found around the  F iinder Bank area and the  
m ost n o rth e rn  p a rt o f  the  BCS, was characterised by the  
low est density and the  highest d ive rs ity  (D ew icke  & Mees
1996).

m
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7 .  THE B E L G I A N  M A R I N E  A V I F A U N A

7 . 1 .  I n t r o d u c t i o n  a n d  d e f i n i t i o n  7 . 2 .  R e s u l t s  a n d  d i s c u s s i o n

The lack o f in fo rm a tion  on the  d is tr ib u tio n  o f seabirds 
w ith in  the  Belgian m aritim e  w aters and the  observa tion  
o f mass strandings o f o iled birds in the  eighties (w ith  a 
peak in 1990) w ere  the  main triggers  to  set up a seabird 
m o n ito r in g  program m e at the  Institu te  o f N a tu re  
C onserva tion  in I 992. A lthough  counts o f seaducks from  
aeroplanes w ere  already carried o u t system atically since 
1986, the  firs t ship-based counts by the  Ins titu te  o f 
N a tu re  C onserva tion  (IN ) - necessary to  obta in 
in fo rm a tion  abou t o th e r seabird species - com m enced in 
S eptem ber 1992.
Using the  standardised m ethod o f Tasker e t al. (1984) 
regular surveys w ere  organised w ith  research vessels 
( ‘Belgica’ and ‘Ter S treep ’) and ferries, the  la tte r in o rd e r 
to  get a p ro p e r idea o f te m po ra l pa tterns in the  
occurrence o f  seabirds betw een O ostende  and the  po rts  
o f  D ove r/ Ramsgate, the  fo rm e r in o rd e r to  p roduce 
d is tr ib u tio n  maps and estim ate popu la tion  strengths o f 
the  d iffe ren t species.
For the  analysis o f  b ird biodiversity, data o f D utch and 
British b irdw atchers  co llected  be fore 1992 during 
accidental exped itions w ith in  the  Belgian m aritim e  
w aters, w ere  added to  the  database o f the  IN. A ll 
observed b ird species are identified  at sea. This includes 
both the seabirds sensu s tr ic tu  and the  high num ber o f 
m igrants occasionally found w ith in  the  study area and n o t 
d irec tly  dependen t on m arine ecosystems. D ivers, grebes, 
petrels, co rm oran ts , skuas, gulls, terns, aucks, seaducks, 
e ide r Somateria mollissima and long-ta iled duck Clangula 
hyemalis are considered as the  tru e  seabirds (Furness,
1993).

A d d itio n a l in fo rm a tion  on th is subject is available from  a 
few  o ve rv iew  a rtic le s /re p o rts , dealing w ith  surveys w ith in  
and nearby the  study area (Blake e t al. 1984, O ffr inga  e t 
al. I 996, Tasker e t al. 1987, Camphuysen & Leopold
1994). O th e r publications re fe r e ith e r only to  a sm aller 
p a rt o f  the  study area (Joiris 1976), are incom ple te  (Boer 
I 97 I ; Joiris I 972), o r are res tric ted  to  certa in  seabird 
species (Maertens et al. 1988, 1990, O ffringa & Meire. 1995).

The Channel d o o rm a t (defined here as the  rectangle:
5 l° -5 2 °  N - I °-4° 30' E) including the  Belgian C ontinenta l 
Shelf is o f in te rna tiona l im portance  (>  \% o f 
biogeographical popu la tion  o f species) fo r  small divers 
Gavia stel I ata/arctica, G reat-crested G rebe Podiceps 
cristatus, G annet Morus bassanus, C om m on Scoter 
Melanit ta  nigra, L ittle  Guii Larus minutus, C om m on Guii 
L. canus, Lesser Black-backed Guii L. fuscus, H e rring  Guii 
L. argentatus, G reat Black-backed Guii L. marinus, C om m on 
Tern Sterna hirundo, Sandwich Tern S. sandvicensis and 
L ittle  Tern S. albifrons (O ffringa  et al. I 996). The V oorde lta  
(including the  Zeeland Banks), the  Flemish Banks, the  
H inde r Banks and the  Coastal Banks are key sites fo r  b ird 
p ro te c tio n  w ith in  th is area.The Channel d o o rm a t attracts 
large num bers o f Lari/s-gulls and te rns during the  nesting 
period, is an im p o rta n t feeding area fo r  m igrating Gannets 
in autum n and holds in te rna tiona lly  im p o rta n t w in te r 
concentra tions o f G reat-crested Grebes and C om m on 
Scoters. Large flocks o f Larus-gulls, Fulmars Fulmarus 
glacialis and K ittiwake Rissa tridactyla are a ttracted  as 
scavengers to  fishing vessels p rovid ing them  w ith  discards, 
offal and unm arketable fish. Hence, th e ir  d is tribu tion  is 
p rim arily  de te rm ined  by the  presence o f a Dutch, Belgian 
and French fishing fleet. Gannets and G reat Black-backed 
Gulls are m ore pelagic birds and th e ir  highest densities 
are found in the  Deep W a te r Channel. D iving, self-fishing 
birds such as aucks, divers and grebes concen tra te  on the  „
Flemish, H inder, Zeeland and Coastal Banks, w here  they  £
find th e ir  favourite  prey on the  slopes o r in betw een the  *
banks.The L ittle  Guii occurs in ve ry  im p o rta n t num bers in «ö
all seasons excep t summer, and it is estim ated th a t °
probably alm ost the  en tire  biogeographical popu la tion  5
(70.000 ind.) visits the  Belgian C ontinenta l Shelf every ¿
year. It is suggested th a t the  BCS acts as a ‘stepping s tone ’ £
fo r  birds w in te ring  in the  Channel o r  m ore to  the  south, ^
nesting at the  N o rth  Sea coasts o r  m ore northw ards. <
(divers, Gannet, G reat Skua Stercorarius skua, L ittle  Guii, «
Lesser Black-backed Guii and Razorbill Alca torda). For <
G reat Black-backed Gulls, Fulmars and G uillem ots Uria jjj
aalge o f  the  N o rth  Sea, the  Channel d o o rm a t constitu tes g
the  m ost southern stronghold  o f th e ir  d is tribu tion . »

For fu r th e r  analysis, only data o f seabirds sensu s tric tu  
w ill be used. This prevents a bias tow ards  h igher d ive rs ity  ï
in coastal areas, since m ore small songbirds, waders, etc, °
are being observed here. Data are presented per season L
w ith : w in te r = D ecem ber-February, spring = March-May; £
sum m er = June-August and au tum n= Septem ber- g
Novem ber.

E3



C ounting  e ffo rts  show m arked differences betw een 
regions and seasons, M ost data w ere  co llec ted  during 
w in te r and autum n, e ffo rts  in sum m er are m inim al due to  
a reduction  in the  availability o f  vessels. Im p o rta n t data 
gaps on the  H inde r Banks in th is season are the  resu lt 
and should be kept in m ind w hen in te rp re ting  the  data. 
Likewise, th ro u g h o u t the  year e ffo rts  are m inim al fo r  the  
m ost n o rth e rn  and eastern p a rt o f  the  BCS (Fig. 16).

G Ü

C om m on Scoter, H e rring  Guii and Lesser Black-backed 
Guii are num erica lly the  m ost abundant species on the  
BCS and w ere  observed > 50.000 tim es betw een 1982- 
1997. Species observed 10.000-50.000 tim es, considered 
as com m on birds are K ittiw ake, G reat Black-backed Guii, 
C om m on Guii, Black-headed Guii Larus ridibundus, Gannet 
and G uillem ot. Regular species, observed at least 1.000 
tim es, include L ittle  Guii, Eider, Fulmar, G reat-crested  
G rebe, Razorbill, C om m on Tern, Sandwich Tern and

Sum m er

W XltHltjiggjri

A utum n W in te r



R ed-th roated  Diver. U ncom m on species are C o rm o ra n t 
Phalacrocorax carbo, G reat Skua, Velvet S coter Melanit ta  
fusca, A rc tic  Skua Stercorarius parasiticus, Puffin Fratercula 
arctica and A rc tic  Tern Sterna paradisaea (I 0 0 -1.000 
individuals). Rare species, observed less than 100 times, 
are B lack-throated D ive r Gavia arctica, Manx Shearw ater 
Puffinus puff inus,Yellow-legged Guii Larus cachinnans, 
M ed ite rranean Guii L. melanocephalus, Pomarine Skua 
Stercorarius pomarinus, Long-tailed Skua S .longicaudus, 
Leach’s Petrel Oceanodroma leucorhoa, S torm  Petrel 
Hydrobates pelagicus, Red-necked G rebe Podiceps 
griseigena, Black Tern Chlidonias niger, Long-ta iled D uck 
and L ittle  Auck Alle alle. Very  rare species th a t are 
observed less than 5 tim es during the  ship-based surveys, 
are L ittle  Tern (although breeding in the  ha rbou r o f 
Zeebrugge in substantial num bers), N o rth e rn  G reat 
D ive r Gavia immer, Sabine’s Guii Larus sabini, Glaucous 
G u ILL  hyperboreus, R ing-billed Guii L. delawarensis, G u ll­
b illed Tern Gelochelidon nilotica, Black-necked Grebe 
Podiceps nigricollis, G reat Shearw ater Puffinus gravis and 
S ooty Shearw ater P.griseus.

AVERAGE NUMBER OF S E A B I R D  S P E C I E S  PER ZONE
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The average num ber o f birds per region per season is 
illustra ted  in figure 17. Low  figures fo r  zones 5 and 9, and 
fo r  all zones during  the  sum m er pe riod  resu lt at least 
pa rtly  from  low  counting  e ffo rt. H igher values during 
autum n and spring are a consequence o f m igra tion  from  
and to  the  w in te rin g  grounds. In zone 9, no d ifferences 
betw een seasons can be observed. N ear the  coast and 
th e  Flemish Banks (zones 1-4) m ore  species are found 
during  the  m igra tion  periods than e lsewhere. W hen  the  
sum m er data are n o t considered, the  open sea areas 
(zones 7-9) have the  smallest num ber o f species. O n 
average, the  w estern  Coastal Banks (zone 2) show  a few  
m ore species than the  eastern p a rt (zone I).

H ighest N (-d ive rs ity  is measured on the  Coastal Banks 
and on /be tw een  the  Flemish Banks (Fig. I 8 ) .The 
deepw a te r channel (zone 9) gives the  low est score, 
a lthough this resu lt is based on fa r less observa tions than 
e lsewhere. Though no clear tre n d  in d ive rs ity  ne ithe r 
betw een d iffe ren t regions, no r betw een d iffe re n t seasons 
could be observed, values tend  to  be h igher onshore 
com pared to  m ore  o ffshore  regions. Also, in o ffshore  
areas (zones 5-9) w in te r values are highest, sum m er 
d ive rs ity  low est and spring/autum n give in te rm ed ia te  
situations, whereas regions 1-4 give a m ore  m ixed 
patte rn . Finally, during the  w in te r- and sum m er pe riod  
w hen m igra tion  is m inim al, the  bank tops  (zones 3,5 and 
7) show low e r d ive rs ity  values than the  gullies (zones 4,6 
and 8) on all th ree  bank systems.
W e can conclude th a t on th e  BCS th re e  main b ird 
com m unities exist in te rm s o f species d ive rs ity .The  
coastal s tre tch and the  Flemish Banks are the  richest, 
fo llow ed  by the  Zeeland Banks and the  H inde r Banks 
w ith  in te rm ed ia te  values, and fina lly the  deep w a te r zone 
w ith  low est figures (although a lo w e r e ffo r t m ight have 
biased the  results fo r  zone 9). A  lo w e r d ive rs ity  on the  
bank tops com pared to  the  gullies can only be observed 
during w in te r and summer, w hen m ig ra tion  is m inim al.

AVERAGE A V I F A U N A  D I V E R S I T Y  PER ZONE

zone

I  spring B  su m m er SB autumn w inter
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8 .  GENE FLOW 
OF T HE NORT H

OF F I S H E S  B E T WE E N  T HE S O U T H E R N  B I G H T  
SEA AND T HE E N G L I S H  C H A N N E L

8 . 1 .  I n t r o d u c t i o n

The life h is to ry  o f many m arine fishes is characterised by 
the  presence o f pelagic larvae whose poten tia l fo r  
dispersal is s trong ly influenced by hydrodynam ic forces 
such as d iffusion, advection and mixing. Organism  
dispersal is the  principal v e c to r o f  genetic m ateria l (gene 
flo w ) and thus may be one o f the  m ajor actors in shaping 
genetic s truc tu re . N on -random  processes, w hich include 
an im p o rta n t behavioural com ponent, such as larval 
re ten tion  and c o h o rt fid e lity  (S inclair 1988), selective 
m igration, geographical s truc tu re  (Ruzzante e t al. 1998) 
and hom ing (N ie lsen e t al. 1999) lim it d iffusion. 
Consequently, the  high po ten tia l fo r  gene flo w  may no t 
be fu lly  realised. M arine fish maintain a subtle popu la tion  
s truc tu re  in a seemingly hom ogenous but in fact 
s truc tu red  ocean (W ard  e t al. l9 9 4 ;W a p le s  1998). In 
add ition , genetic s truc tu re  is associated w ith  
con tem poraneous and h is to ric  dispersal pa tte rns .The  
la tte r refers to  geological and pa laeoclim ato logical 
processes during  the  Late T e rtia ry  and Q uaternary. 
Population expansion and reduction , som etim es in the  
ve ry  fa r past, has been em bedded in the  genom e (Avise
1994). A  second significant e vo lu tiona ry  fo rce  in m arine 
organisms is se lection on the  num erous propagules, 
w hich are being released in the  w a te r colum n during 
each spawning popu la tion . Selective m o rta lity  exerts  
re cu rre n t pressure on the  genom e o f the  fish larvae since 
survival rate is low. Each tim e  only a frac tion  o f the  
new ly cons titu ted  larval genomes makes it to  
rep ro d uc tio n  as adults. N evertheless, m ost fish 
popu la tions live in a dynamic genetic equ ilib rium .
The life cycle o f fish living e ith e r perm anently  o r 
seasonally in the  Southern Bight o f the  N o rth  Sea and 
the  English Channel is m odelled by the  regional 
oceanography, geom orpho logy  and palaeoecology.The 
region is s truc tu red  m ost conspicuously by tw o  physical 
gradients, one running on an onsho re -o ffshore  axis, the  
o th e r one running parallel to  the  coast (MAFF I 98 I) .T h e  
onsho re -o ffsho re  axis shows a physical g rad ien t from  
w e ll-m ixed  tu rb id  som ew hat fresher coastal w aters to  
clear oceanic h igher salin ity o ffshore  w a te r.The  second 
g rad ien t runs NE - SW  w ith  brackish w a te r o ff the  
estuaries o f the  G reat Rivers (Rhine, Schelde and Maas 
and to  a lesser e x te n t the  Thames) and m ore saline 
w a te r o ff the  French and South English coast. The local, 
seasonal and in terannual va riab ility  in tem pe ra tu re , 
salinity, density, tu rb id ity , advection and vertica l m ixing 
influence the  d ive rs ity  o f  living organisms and the  
function ing  o f the  food  web. The question arises to  w ha t 
e x te n t physical constra in ts imposed by the  D ove r S tra it

m odel the  local fauna. Indeed, it is generally accepted 
th a t D ove r S tra it separates the  m ore n o rth e rn  tem pe ra te  
fauna from  the  southern  te m pe ra te  fauna (Ekman 1967; 
Longhurst 1998), w hich is w ell re flected  in the  
d is tr ib u tio n  o f sessile ascidian tun icates (N aran jo  e t al. 
1998). In general, ichthyofauna d ive rs ity  o f  the  English 
Channel, w hich contains a great p ro p o r tio n  o f southern  
e lements, is h igher com pared to  the  N o r th  Sea (Rogers 
e t al. 1999). However, based on physical and faunistic 
argum ents, th is biogeographical separation is cl i nal 
w ith o u t any ind ication o f an ab ru p t d iscon tinu ity  betw een 
both  zones.
W e te s t w h e th e r a dispersal b a rr ie r may be de tected  in 
the  popu la tion  genetic s truc tu re  o f demersal and pelagic 
bony fish spawning in the  eastern English Channel and 
S outhern Bight o f the  N o rth  Sea. If reduced o r  lim ited  
gene flo w  is de tected, it may be indicative o f lim ited  
con tact betw een popu la tions at bo th  sides o f D ove r 
S trait, be it in the  present o r the  past.
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8 . 2 .  T he  Re g i o n a l  a n d  Pa l a e o c l i m a t i c  
S e t t i n g

The flo w  o f the  N o r th  A tla n tic  C u rre n t th rough  the  
English Channel to  the  N o rth  Sea was reactivated a fte r 
the  last glaciation (12,000 y BP) w hen sea level rose and 
sta rted  to  flood  the  area (Jones & Keen 1994). U ntil th a t 
tim e  a low  sea level and glaciers reduced the  size o f the  
N o rth  Sea to  its deepest parts w h ile  the  w este rn  English 
Channel represented an em baym ent o f  the  Bay o f Biscay. 
N o  glaciation o f the  D ove r S tra it has been re p o rte d  
although the  clim ate was boreal such th a t a suitable 
ecological niche fo r  the  cu rre n t fish fauna was no t 
available. The in tensity  o f  the  N o r th  A tla n tic  C u rre n t was 
n o t as strong during the  last glacial pe riod  due to  the  
presence o f a fresh w a te r layer in the  N o r th  A tla n tic  
(M ix  e t al. I 999). Today the  flo w  o f the  N o r th  A tla n tic  
C u rre n t varies in terannually (Belgrano e t al. 1998), w hich 
causes variable advection rates th rough  D ove r Strait, and 
hence varia tion  in the  chance o f advection o f southern  
faunas in the  Southern Bight o f  the  N o r th  Sea. The net 
residual cu rre n t flow s in a n o rth e r ly  d irec tion , a lthough it 
may reverse seasonally.

8 . 3 .  De m e r s a l  S p e c i e s

In general, demersal fish species show  m ore  evidence o f 
genetic s truc tu re  than pelagic species (G ran t & Bowen 
I 998). A lthough  th e ir  p lankton ic larvae are prone  to  
passive dispersal, (sub-adults live close to  th e  b o tto m  and 
eggs are o ften  attached to  the  substrate. In general, the  
shallow  depth o f the  N o rth  Sea and English Channel, 
strong tida l and w ind  driven m ixing and high p ro d u c tiv ity  
favour the  presence o f dem ersal species. In o rd e r to  tes t 
the  va lid ity  o f the  hypothesis th a t D o ve r S tra it lim its 
gene flow, a list o f those species whose genetic s truc tu re  
has been studied in e ith e r the  eastern English Channel, 
the  Southern Bight o f  the  N o r th  Sea o r  in bo th  regions 
was com piled by system atically screening fo r  pa tte rns in 
genetic d iffe ren tia tion  and s tru c tu re  (Table 3). A t least 70 
species have been recorded in the  area (H ayw ard & 
Ryland 1995) o f  w hich I 4 species belonging to  IO 
fam ilies have been studied fo r  th e ir  popu la tion  genetic 
s truc tu re .

N o  study in the  area has system atically ta rge ted  the  
genetic s truc tu re  and m ost studies detail popu la tions at a 
spatial scale o f 1000 km o r  m ore. In add ition , fo r  each 
species, few  samples w ere  co llected  in th e  area and no 
a tten tion  was paid to  te m po ra l s tru c tu re  (w ith  the  
exception  o f C hild (I 992)). The genetic s tru c tu re  o f the  
flatfishes com m on sole (Solea solea) (Kotoulas e t al. 1995; 
Exadactylos e t al. I 998), tu rb o t (Scophthalmus maximus) 
and brill (S. rhombus) (B lanquer e t al. 1992), plaice 
(Pleuronectes platessa) (Gal legu i I Ios & W ard  1982) and 
flo u n d e r (Pleuronectes flesus) (Borsa e t al. 1997) usually 
poin ts to  slight d ifferences betw een adjacent populations, 
and increasingly larger genetic d ifferences betw een 
popu la tions located at some distance. G radual va ria tion  is 

EE ES a com m on feature o f many te rre s tr ia l and aquatic

organisms living in ra th e r hom ogenous environm ents and 
has been called “ iso lation-by-d istanc.e” (Slatkin 1985). 
A lte rna tive ly , panm ixis reflects the  status w hen the re  is 
no evidence fo r  genetic s truc tu re  w ith in  the  spawning 
popu la tion . In general, m ature fish may move among 
ne ighbouring spawning grounds bu t are less likely to  
sw itch betw een w ide ly  separated spawning grounds 
despite th e ir  po ten tia l fo r  large m igrations. Plaice spawns 
in d is tinc t popu la tions in the  English Channel and the  
N o rth  Sea (includ ing the  H inde r Banks).They may move 
hundreds o f k ilom etres (H arden Jones 1968), and m igrate 
seasonally th rough  the  D o ve r S tra it (A rn o ld  & M etcalfe
1995) bu t they  tend  to  re tu rn  fa ith fu lly  to  the  same 
spawning area as docum ented w ith  m ark/recap tu re  
experim ents  (M etca lfe  & A rn o ld  1997). Populations o f 
plaice seem to  be genetica lly d iscrete  although th is 
remains to  be proven in the  area (Gal legu i I Ios & W ard  
1982). Since flo u n d e r shows lim ited  genetic 
d iffe ren tia tion  from  the  Baltic Sea to  Portugal (including 
the  N o rth  Sea), popu la tions have reached equ ilib rium  
betw een gene flo w  and genetic d r if t  (Borsa et al. 1997).

Spawning o f the  im p o rta n t species com m on sole is 
lim ited  by the  qua lity  o f  the  substrate, w hich seems 
re flected  in the  popu la tion  nodes located abou t every 
100 km (Kotoulas et al. 1995, Exadactylos e t al. 1998). 
Exchange among stocks is lim ited  as recorded from  
tagging experim ents  (R ijnsdorp  e t al. I 9 9 2 ).They spawn 
in the  eastern English Channel and o ff the  Belgian coast; 
larvae d r if t  tow ards  the  coast in a no rth -eas te rn  
d irec tion  (R ijnsdorp e t al. 1992).

Populations m ight have expanded recently  and thus no t 
have reached equ ilib rium . G enetic d r if t  (which is the  loss 
o r  tendency to  fixa tion  o f alleles) m ight play a ro le 
especially in small-sized popu la tions (Borsa et al. 1997).

Lack o f genetic d iffe ren tia tion  o f th e  fish popu la tion  does 
n o t always mean th a t th e re  is a lack o f  genetic s truc tu re . 
T u rbo t fo r  exam ple shows a hom ogeneous genetic 
s truc tu re  (w hich may p o in t to  panm ixis), bu t its cestode 
parasite Bothriocephalus gregarius d iffe ren tia tes betw een 
the  N o rth  Sea and the  English Channel (Renaud et al.
I 990). Thus, th e re  is genetic iso la tion betw een these 

tu rb o t popu la tions .T he  closely re lated flatfish b rill (S. 
rhombus) d iffe ren tia tes genetica lly betw een the  English 
Channel and the  N o r th  Sea (B lanquer et al. 1992).

A lthough gadoids are im p o rta n t and com m on mem bers o f 
the  food web, especially in n o rth e rn  waters, only cod 
(Gadus morhua) (Arnason e t al. 1992; Pogson et al. 1995) 
and to  a lesser ex ten t w h iting  (Merlangius merlangus) (Rico 
e t al. 1997) have been studied. N o rth -eas te rn  A tlan tic  cod 
is abundant and sustains an im p o rta n t fishery. Populations 
genetically are weakly d iffe ren tia ted  at the  allozyme level 
while  nuclear RFLP loci reveal an iso lation-by-distance 
pattern  (Pogson et al. I 9 9 5 ).The discrepancy between 
both markers is explained by a recent expansion in 
popula tion size such th a t the  popu la tion  is no t yet at; 
equ ilib rium . A lthough no fu r th e r details are provided by 
the  authors, one o f the  possible scenarios is th a t cod re ­
colonised the  no rth e rn  A tlan tic  Ocean at the  end o f the  
last glacial period. W h itin g  (Merlangius merlangus) is 
ano ther im p o rta n t gadoid w hich shows lim ited genetic 
d iffe ren tia tion  in the  N o rth  Sea (Rico e t al. 1997).



European eel (Anguilla anguilla) represents a pecu liar case 
since its spawning grounds are located in the  Sargasso 
Sea, w h ile  it m atures in coastal and continenta l w aters. 
The spawning aggregation represents a m ix tu re  o f at 
least 3 spawning popula tions: an Icelandic popu la tion  
introgressed w ith  A m erican eel (Anguilla rostrata), a 
southern  popu la tion  and a centra l popu la tion  (Daem en 
et al. sub m itte d ).T h e re  is a la titud ina l cline along the  
European continen ta l she lf as observed fo rm  allozyme 
m arkers, s im ilarly to  Am erican and Japanese eel (Maes 
I 998). The reason remains unclear bu t it m ight be linked 

to  selection, as allozym e m arkers may be evo lu tiona ry  
n o n -neu tra l.T he  D over S tra it does no t seem to  function  
as a b a rr ie r to  th is highly m ig ra to ry  species based on 
m itochondria l haplotypes o f the  eastern A tlan tic  
popu la tion  (Lintas e t al. 1998; Daemen e t al. subm itted).

In the  region, A tla n tic  salmon (Salmo salar) genetically 
belongs to  the  W est-European clade th a t extends from  
n o rth e rn  Spain over the  British Isles and B rittany to  
D enm ark (e.g. Jordan e t al. I 997). The species has 
suffered from  the  degradation o f its freshw a te r hab ita t 
resulting in the  loss o f many populations. A du lts  m igrate 
annually be tw een feeding grounds in the  N o rth  Sea and 
the  English Channel to  respective ly m ore n o rth e rn  and 
southern  breeding grounds. Elo (1993) established a 
genetic pa tte rn  o f iso lation by distance at a scale o f 
several thousand k ilom etres re flecting  a p o o r genetic 
d iffe ren tia tion . R iver popu la tions are phenotyp ica lly  highly 
d is tinc t and w ell adapted to  local cond itions (N ie lsen et 
al. I 999). A n o th e r anadrom ous salmonid, the  b row n t ro u t 
(Salmo tru tta  trutta),  has s im ilarly suffered from  habita t 
loss. W est-European spawning popu la tions are typ ica lly  
fragm ented by rive r basin (Krieg & Guyom ard 1985, 
Bernatchez et al. 1992).

Few non-com m ercia l (read small sized) fishes o f the  area 
have been studied. G oby (Pomatoschistus sp.), d ragonet 
(Callionymus sp.), bib (Trisopterus luscus), pipefish 
(Syngnathidae), sandeel (Ammodytes tobianus) and lesser 
w eever (Echiichtys vipera) play a key ro le  in coastal and 
o ffshore  food  w ebs.They may reach high densities and 
represent im p o rta n t links betw een benthos p roduction  
and the  larger com m ercia l species. In general, th e ir  small 
size suggests dispersal on small scales, w h ile  demersal 
behaviour lim its them  to  specific habitats. Some 
differences have been observed betw een popu la tions o f 
the  com m on goby, Pomatoschistus microps, at one side 
those residing in the  S outhern Bight and the  English 
Channel, and at the  o th e r side those residing along the  
eastern A tla n tic  Ocean (Al-Hassan e t al. 1987). C om m on 
gobies o f theTe ign  estuary (D evon, English Channel) had 
a change at PGI-A allele frequencies w ith  increasing 
m odal age w hich m ight be a ttr ib u te d  to  genetic se lection 
w ith  selected alleles being favoured under specific 
cond itions. Year a fte r year, the  new ly recru ited  goby 
larvae are subjected to  non-random  high m orta lity . It 
remains to  be shown w ha t the  relative co n tr ib u tio n  is o f 
such recen t and m ore h is to ric  processes. O u r p re lim ina ry  
findings p o in t to  the  ra th e r hom ogenous phylogeography 
o f th e  sand goby (Pomatoschistus minutus) living in the 
Southern Bight o f  the  N o r th  Sea. W allis  & Beardm ore 
(1984) observed a link betw een goby genetic 
he terozygosity  and environm enta l heterogeneity. Coastal

species (such as the  com m on goby), living in a m ore 
variable environm ent, have h igher levels o f  genetic 
varia tion , w h ile  o ffshore  species (such as th e  painted 
goby P. pictus), living in a m ore stable m arine 
environm ent, have lo w e r genetic variability.

The genetic d iffe ren tia tion  o f the  anadrom ous 
th reesp ined stickleback (Gasterosteus aculeatus)  is 
polarised in an o ffshore  -  inshore d irec tion  w ith  inland 
popu la tions progressively d iffe ren tia ting  from  coastal 
popu la tions (iso la tion-by-d is tance). Across the  H o larctic , 
m arine and anadrom ous th reesp ined sticklebacks have 
colonised inland w aters several tim es independently .Th is  
unique pa tte rn  has been called a raceme s truc tu re  (Bell 
& A ndrew s I 997). W ith in  the  N o rth  Sea, coastal 
popu la tions seem to  d iffe ren tia te  to  a certa in  degree but 
the  lack o f  su ffic ient sample coverage com plicates the  
in te rp re ta tio n  (Buth & Haglund 1994, O r t i  e t al. 1994).
An im p o rta n t issue is the  genetic im pact o f  the  intensive 
traw ling  fishery (Rogers e t al. 1999). Heavily fished 
species (such as com m on sole, plaice and cod) m ight 
suffer from  the  loss o f fast grow ing popu la tion  m em bers 
since they  are likely to  be caught first. R ijnsdorp (1993) 
analysed som atic g row th , sexual m a tu rity  and fecund ity  o f 
plaice (Pleuronectes platessa)  from  h is to ric  fisheries data. 
Despite  the  fishing pressure the  rep roductive  strategy 
changed only m arginally since 1900. R ijnsdorp (1993) 
suspects th a t the  observed reduction  in leng th -a t-firs t- 
m a tu rity  includes a genetic com ponent. O the rw ise  said, 
plaice has today a tendency to  spawn at younger age.
Cod stocks are th o u g h t to  be im p lod ing  (C o o k  et al.
1997), bu t the  genetic consequences have been 
incom ple te ly  docum ented since the  com p lex ity  o f 
pheno typ ic  selection hampers analysis. In an extensive 
study o f the  N o rth  A tla n tic  cod stocks, including the  
Southern Bight o f the  N o rth  Sea on the  basis o f  the  
locus haem oglobin, a de fic it in he terozygotes was 
observed w hich could p o in t to  selection pressure 
(Jamieson & B irley 1989).
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8 . 4 .  P e l a g i c  S p e c i e s

The pelagic fishery represents a frac tion  o f the  to ta l 
Belgian fish landings.The p o o r econom ic significance is 
re flected in the  few  genetic studies o f  pelagic species in 
the  region. G ran t ( I 984) and Joerstad e t al. (1991) 
concluded from  allozymes and Dahle & Eriksen (1990) 
from  m tD N A  RFLP th a t N o rth  Sea herring  popu la tions 
hardly d iffe ren tia te  genetically, a lthough considerable 
phenotyp ic differences may be observed (includ ing 
m orpho log ica l and spawning tra its ). H erring  aggregate at 
specific spawning locations, w hich are d irec tly  re la ted to  
the  local hydrodynam ics w h ile  larvae d r ift  in response to  
w ind  advection (Bartsch et al. I 9 8 9 ).The dynam ic gene 
flo w  among spawning popu la tions coun te rs  genetic 
d iffe ren tia tion , but conserves some phenotyp ica lly  
adaptive tra its  (Turan e t al. 1998).

The A tla n tic  popu la tion  o f sea bass (Dicentrarchus labrax) 
spawns along the  A tla n tic  coast at specific sites.The 
source o f the  Belgian popu la tion  (largely consisting o f  
juvenile  and subadult fish) has n o t been established; they  
spawn e ith e r in the  central English Channel o r  in the  
Thames Estuary. C hild (1992) observed differences 
betw een popu la tions from  the  Irish Sea and the  
C h a n ne l/N o rth  Sea at the  allozym e PGM locus bu t N aciri 
e t al. (1999) could n o t find d is tinc t m ic rosa te llite  D N A  
d ifferences all along from  the  S tra it o f G ib ra lta r to  the  
N o r th  Sea. M ore interestingly, lagoonal/estuarine and 
coastal popu la tions o f sea bass are under d iffe re n t 
selection pressure w ith  lagoonal juven ile  fish show ing 
d iffe ren t allozyme frequencies at selected loci (Lem aire 
e t al. subm itted).

8 . 5 .  C o n c l u s i o n s

W ard  et al. (1994) observed th a t m arine fishes had a 
lo w e r level o f  genetic d iffe ren tia tion  in com parison to  
fresh w a te r species; anadrom ous species (such as salmon 
and shad) take an in te rm ed ia te  p o s ition .T he  lack o f 
absolute barrie rs at sea and th e  co n tr ib u tio n  o f  
s tra tifica tion , upwelling, fron ts  and eddies reduce the  
chances o f genetic iso la tion although species w ith  
d iscrete spawning stocks have h igher chances o f  
d iffe ren tia ting  genetically. M oreover, life -h is to ry  tra its  
(re la ted to  spawning, behaviour, survival and selective 
m o rta lity ) m odel the  genetic s truc tu re . In case o f the  
Belgian C on tinen ta l Shelf, the  lim ited  in fo rm a tion  
available poin ts to  co n tin u ity  be tw een fish popula tions 
o f the  English Channel, the  Southern Bight o f the  N o r th  
Sea and the  C entra l N o r th  Sea. D ispersal by local 
hydrodynam ics seems to  dom ina te  over b io logical tra its  
in the  area. D irec ted  sampling, w hich takes in account 
the  species-specific popu la tion  dynamics and ecology, as 
w ell as th e  use o f h igh-reso lu tion  m arkers (such as 
m icrosate llites), should clarify th is conclusion.
It remains unclear w ha t the  im pact is o f  the  last 
g laciation, bu t it may be th a t many species have 
reinvaded the  area from  a refuge located in the  South­
eastern A tla n tic  Ocean (G u lf o f  Biscay). Given the 
re la tive ly s h o rt tim e  since co lon isa tion , th is has been 
insuffic ient to  develop strong d ifferences at bo th  sides 
o f the  D ove r Strait. Finally, the  influence o f the intensive 
fishery on the  genetic po ten tia l shou ldn ’t  be 
underestim ated, since the  fishing m o rta lity  o f fo r  
exam ple sole may reach 50% on the  Belgian C on tinen ta l 
Shelf.



F i l i p  A . M . V o l c k a e r t , T i n e  Hu y s e  & A l d e g o n d e  Ge e t s

9 .  A P R E L I M I N A R Y  C H E C K  L I S T  OF I N F E C T I O U S  
E U K A R Y O T E S  ( P A R A S I T E S )  OF F I S H E S  FROM T HE B E L G I A N  
C O N T I N E N T A L  S H E L F

9 . 1 .  I n t r o d u c t i o n

Infectious diseases and m ore specifically parasites play a 
crucial ro le  in the  popu la tion  dynamics o f invertebra tes 
and ve rteb ra tes  (May & A nderson  I 983). The regulation 
and genetic se lection o f natural host popu la tions is 
influenced by the  dynamics and he te rogene ity  o f  the  
environm ent, in ter-specific  in te ractions (p redation , 
com pe tition , in fections by viruses, bacteria and parasites) 
and in traspecific  in te ractions (cannibalism and 
co m p e titio n ). In teresting is th a t the  b io logy o f the  
parasite is tig h tly  linked to  life h is to ry  tra its  o f the  
in te rm ed ia te  and final host. C o -evo lu tion , w hich has been 
described as a continuous biological arms race, and co- 
speciation occu r comm only.
M arine fish parasites princ ipa lly  belong to  five taxa (Fungi, 
P rotozoa, P latyhelm inthes, N em atoda  and Crustacea). 
Viruses and in fectious Bacteria, w hich may be considered 
as parasites and play crucial roles in the  m arine food  
web, are fo r  practical reasons excluded from  th is review. 
Since a system atic inven to ry  o f the  fish parasites and 
th e ir  hosts o f  the  Belgian C ontinen ta l Shelf doesn ’t  exist, 
we a ttem p ted  to  com pile  records scattered th ro u g h o u t 
the  re fereed and non-re fe reed  (grey) in te rna tiona l 
lite ra tu re , including some records from  last cen tu ry .The  
checklist is com plica ted  by the  ambiguous status o f many 
taxa.

9 . 2 .  Pr e l i m i n a r y  Ch e c k l i s t

F U N GI  : There is only one species record, Ichthyophus
hoferi, w hich has been observed on w h iting  (D eclerck, 
pers com m .)

PROTOZOA : The firs t records have been docum ented
by Van Beneden (1871). His data have n o t been included 
in th is rev iew  because o f th e ir  h is to ric  value and 
taxonom ic  uncerta in ty. Many species are in fected by 
Glugea stephani (M ic rospo rid ia ) (D ec le rck  1993; 1998; 
Geets 1986; Van D am m e 1985). Haemogregarina simondi 
(Sporozoa) infects the  e ry th rocy tes  o f com m on sole 
(Solea solea) arid A tla n tic  cod (Gadus morhua) (D eclerck, 
pers com m .). Van Dam m e (1985) found Trichodina sp. on 
the gills o f  plaice.

Mo n o g e n e a  : in fect a single host. The firs t records 
have been docum ented by Vari Beneden (1871)  bu t his 
data have no t been included because o f th e ir  h is to ric  
value and unce rta in ty  on the  taxonom y. Several genera

have been observed o f w hich the  genus Gyrodactylus 
includes m ore than 400 species (M alm berg I 998). The 
local in ven to ry  m entions G. arcuatus w hich parasitizes 
th reesp ined stickleback (Gasterosteus aculeatus), G. 
micropsi, G. forma minutus, G. forma pictus and G. 
longidactylus w hich parasitize amongst o the rs  gobies o f 
the  genus Pomatoschistus (Geets e t al. in prep.).
Im p o rta n t spa tio -tem pora l d ifferences in popu la tion  
dynamics and host specific ity have been observed. 
Diclidophora infects the  gills o f  bib Trisopterus, minutus (D. 
minuti) and T. luscus (D. luscae) (T ira rd  e t al. 1992).

T RE MA T OD A  /  D I G E N E A :  in fect an in te rm ed ia te
and a final host. Cryptocotyle lingua is a general parasite 
w ith  sprat (Sprattus sprattus) and g rea te r sand eel 
(Hyperoplus lanceolatus) as in te rm ed ia te  host and 
carn ivorous fish and birds as final host (D ec le rck  1992a; 
1998; G roenew o ld  e t al. 1996). Asymphylodora demeli is a 
final host o f  gobies o f the  genus Pomatoschistus 
(H am erlynck et al. I 989). Derogenes varicus has been 
found in gobies o f the  genus Pomatoschistus (Geets, pers. 
com m .). Zoogonoides viviparus is a com m on parasite o f  
plaice in the  Southern Bight o f the  N o rth  Sea (W ickins & 
Macfarlane I 973). Aphalloides coelomicola infects the  
com m on goby (Vaes 1978).

C e s t o d a  : are also characterised by an in te rm ed ia te
and final host. Pierre-Joseph Van Beneden com piled  his 
observa tions along the  Belgian coast in tw o  studies 
(1850, I 864). The ta p e w o rm  Bothriocephalus scorpii 
infects Pomatoschistus as in te rm ed ia te  host (H am erlynck 
e t al. 1989) and tu rb o t (Scophthalmus maximus) as final 
host (de G ro o t 1971). B. gregarius, w hich also infects 
tu rb o t, shows genetic differences betw een the  N o rth  Sea 
and the  English Channel (Renaud et al. 1990).

N E M A T O D A :  : Anisakis simplex infects A tla n tic  he rring
as in te rm ed ia te  host and A. pseudoterranovae (cod w o rm ) 
w h iting  and cod on the  Belgian C ontinen ta l Shelf (Davey 
1972; Rae 1972.; D eclerck, pers. com m .); whales are each 

tim e  the  final host. The in tensity o f the  in fection  coincides 
w ith  the  occurrence o f the  host: (Van Banning & Becker 
1978). Hysterothylacium aduncum occurs in the  abdom inal 
cavity o f  Pomatoschistus gobies (H am erlynck e t al. 1989). 
Cuculanus heterochrous occurs in plaice and dab (Limanda 
l imanda) co llected  in the Southern Bight o f  the  N o rth  
Sea (Geets I 986; Van Dam m e I 985; W ick ins & Macfarlane 
1973). Contracaecum aduncum infects the  body cavity o f  
plaice and dab (G eets I 986; Van Dam m e 1985) and the  
stom ach o f Pomatoschistus gobies (Fonds, pers. com m .). 
Capillaria wickinsi generally infects plaice (Van Dam m e 
I 985; W ick ins & Macfarlane 1973).
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C R U S T A C E A  : The firs t deta iled observa tions on the
crustacean parasites o f the  Belgian C on tinen ta l Shelf have 
been made by Pierre-Joseph Van Beneden (1861) .  
Tripaphilus (Lerneonema) musteli (Van Beneden, 1851) 
was observed on sm ooth hound (Mustelus mustelus) and 
the  new copepod genus Kroyeria lineata  on unspecified 
fishes (Van Beneden, I 853a).The genus Eudactylina acuta 
was observed on the  shark Squalus acanthias fo r  the  firs t 
tim e  (Van Beneden, I 853b ).The  d is tribu tion , 
m orphom etry , cycle and host specific ity o f  Lernaeocera 
branchialis and L. lusci ( ju n io r synonym o f  L. m inuta ) has 
been described by D eclerck (I 992a,b, 1993 and 1998), 
Van Dam m e & H am erlynck (I 992), Van Dam m e e t al. 
(1992, 1994, 1996 and 1997) and Van D am m e & O lle v ie r 
(1994, 1995 and I 996). The in fection  dynamics o f L. 
branchialis on 0 +  w h iting  are characterised by an 
in fection  peak in late spring and in fall. In fection o f the  
adult sand goby Pomatoschistus minutus by L. lusci occurs 
in spring; in early sum m er th e  parasites becom e adult 
w h ile  m ost hosts die in July a fte r spaw ning.There are 
possibly th ree  fo rm s o f L. lusci (f. lusci on w h iting , f  
minuta  on Pomatoschistus and f  lyra on d ragonet) which 
affect the  m etabolism  (h e m a to c rit t i t re )  o f the  final host. 
Lepeophtheirus pectoralis occurs com m on ly  on plaice o f 
the  Southern Bight o f  the  N o r th  Sea (W ick ins & 
Macfarlane I 973). Acanthochondria cornuta is found in the  
gili cavity o f  plaice (Van Dam m e I 985). The isopod 
Rocinela danmoniensis occurs rare ly on w h iting  (D eclerck, 
pers. med.).

In to ta l, we re p o r t 32 parasite taxa, w hich by no means 
represent the  com p le te  inventory. For com parison, 
Boxshall (1974) observed 39 parasitic copepods on 41 
fish species in the  w estern  N o r th  Sea. G roenew o ld  e t al. 
(1996) observed a na rrow  link betw een parasite (22 
species) and host (4 small and m iddle-sized fish species) 
from  the  d ie t o f  the  host in the  W adden Sea.

9 . 3 .  C o n c l u s i o n

Eukaryotic parasites may be studied from  tw o  
perspectives.They regulate popu la tions by affecting 
fitness and in selected cases survival, and they  are 
m arkers o f the  host by prov id ing  insight in his h is to ric  
and cu rre n t m ovem ents.The la tte r is useful to  study 
phylogeny, popu la tion  dynamics and genetic s truc tu re  
(phylogeography) since know ledge o f the  genotypes o f 
host and parasite provides a doub le  m arker system. 
G enetic research on m arine parasites in the  English 
Channel and the  Southern Bight o f  the  N o rth  Sea is 
lim ited  to  the  M onogenea Gyrodactylus (Cunningham  
1997; Z ie ta ra  et al. subm itted ), the  C estoda Diclidophora 
(T ira rd  e t al. 1992) and Bothriocephalus (Renaud e t al.
I 986, I 990). T ira rd  (1991)  and Van D am m e (pers. com m .) 
observed genetic d ifferences in the  copepod Lernaeocera 
w ith o u t p rovid ing  fu r th e r  details. N everthe less, issues 
such as the  evo lu tion  o f the  local fish fauna as well as 
genetic selection on the  heavily fished fish popula tions 
could be addressed in th is manner.
F luctuations in the  qua lity  and quan tity  o f the  fish fauna 
o f the  N o rth  Sea have been a ttr ib u te d  to  clim ate 
varia tions and overfishing. The c o n tr ib u tio n  o f each 
remains unclear, bu t an im p o rta n t s truc tu ring  fo rce  o f the  
fish popu la tions m ight be apa rt from  food, the  im pact o f  
in fections by viruses, bacteria  and parasites.The general 
lack o f know ledge in these fields hampers a conclusion in 
regards to  spa tio -tem pora l occurrence, popu la tion  
dynamics, eco logy and popu la tion  genetics.
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P R E L I M I N A R Y  S P E C I E S  L I S T  OF THE BEL GI AN C O N T I N E N T A L  SHELF

All species lists o f the referred publications have been compiled to  produce this pre lim inar list o f benthos, bird and fish parasite 
species tha t have been recorded over the past th ir ty  years. Since the bird counting also resulted in censes o f marine mammals, 
those observations have been included here as well.
This list can only serve as starting po in t to  com plete the full species list fo r the BCS. O bservation made before 1970 have not 
been included. Data collected in the in tertida l zone o f our coast have also not been included.The list needs fu rth e r updating w ith  
unpublished observations o f o the r research groups and o f those o f amateur biologists.
Dutch names have been supplied where possible.
The species list o f the fish parasites has been given in the text.

N E M A T O D A G am m anem a  sp. I A nom onem a decon incki Rhynchonem a lyngei

(spoelwormen) H alichoano la im us  sp. 1 C am aco la im us long icaudata Rhynchonem a m egam hida

A ctinonem a  ce ltica Latronem a aberrans C am aco la im us ta rdus Rhynchonem a m oorea

Euchrom adora  sp. 1 Latronem a orcinum a C am aco la im us  sp. 1 Rhynchonem a quem er

C hrom adorita  n. sp. 1 Latronem a  sp. 1 D agda b ip a p illa ta Rhynchonem a scu ta tum

C hrom adorita  n. sp. 2 Richtersia  decon incki A phano la im us  sp. 1 Rhynchonem a  n. sp. 1
C hrom adorita  sp. 3 R ichtersia  inaequa lis H a la p ha n o la im us  harpaga Rhynchonem a  sp. 1
C hrom adorita  sp. 4 Synonchiella riem ann i H a la p ha n o la im us  longisetosus S ty lo theris tus m u tilis

D ich rom adora  cucu lla ta Synonchiella  n. sp. 1 H ala p ha n o la im us  sp. 1 Theristus d en ticu la tus

D ich rom adora  hyalocheile C hrom asp irina  chabaudi Lep to la im o ides  sp. 1 Theristus flevensis

D ich rom adora  sp. 1 C hrom asp irina  ing lisi Lep to la im us  sp. 1 Theristus hete rosp icu lo ides

G raphonem a  sp. 1 C hrom asp irina  pa ra p o n tica S tephano la im us b icoronatus Theristus pertenu is

H ypodon to la im us  trichopho ra C hrom asp irina  p e llita S tephano la im us elegans Theristus roscoffiensis

H ypodon to la im us  n. sp. 1 C hrom asp irina  n. sp. 1 S tephano la im us gandavensis Theristus scanicus

Innocuem a te n tabunda C hrom asp irina  n. sp. 2 R hadinem a flex ile Theristus sp. 1
C hrom adore lla  salican iensis Desm odora pon tica Tarvaia sp. 1 Theristus sp. 2
C hrom adore lla  p rob le m a tica D esm odora sanguinea A eg ia loa la im us tenu icauda tus Theristus sp. 4
K ark inochrom adora  lorenzi D esm odora schulzei C yartonem a elegans Trichotheris tus m irab ilis

N eochrom adora  angelica D esm odora tenu isp icu lum C yartonem a zostera Valvaelaim us m a jo r

N eochrom adora  m u n ita D esm odora  n. sp. 1 Ceram onem a yunfengi X ya la  im pa ris

N eochrom adora  p a ra tec ta Stygodesm odora e p ixa n th a Ceram onem a  sp. 1 X ya la  s tr ia ta

N eochrom adora  poecilosom a Eubostrichus  n. sp. 1 Ceram onem a  sp. 4 Sphaero la im us balticus

N eochrom adora  n. sp. 1 M olgo la im us cuanensis D asynella  sp. 1 Sphaero la im us gracilis

P rochrom adore lla  a tte n u a ta M o lgo la im us tu rgo frons Dasynem oides a lbaensis Desm oscolex fron ta lis

P rochrom adore lla  d itlevsen i M o lgo la im us  n. sp. 1 Dasynem oides  sp. 1 Desm oscolex longisetosus

P rochrom adore lla  long icaudata Lep tonem ella  aphanothecae M etadasynem oides latus Desm oscolex  n. sp. 1
P rochrom adore lla  sp. 1 M etach ro m a d ora  quad ribu lba M etadasynem oides a f f  longicollis Desm oscolex  sp. 2
P rochrom adore lla  sp.2 Onyx perfectus M etadasynem oides  n. sp. 1 P aratricom a  sp. 1
Ptycho la im ellus  sp. 1 Pseudonchus dece m p a p illa tu s M etadasynem oides  sp. 2 Tricom a brevirostris

Rhips o rna ta Pseudonchus sp. 1 Pselionem a longissim um Tricom a polydesm a

S piliphera aff. dolichura Pseudodesm odora  n. sp. 1 Pselionem a  sp. 1 Tricom a s te ine ri

S p ilophore lla  pa radoxa S igm ophoranem a ru fum Tubola im oides aff. tenu icauda tus Tricom a  n. sp. 1
G om ph ionem a  sp, 1 Spirin ia  laevis D ip lo la im e lla  sp. 1 Tricom a  n. sp. 2
N anno la im oides  sp. 1 Spirin ia  pa ras itife ra M onhystera  aff. m acrura Tricoma n. sp. 3
N anno la im us fusus Spirin ia  sp. 1 M onhystera  d is juncta Tricoma n. sp. 4
N anno la im us aff. gu ta tus E psilonem a pus tu la tu m M onhystera  sp. 1 Tricoma sp. 6
N anno la im us  sp. 1 E psilonem a se rru la tum M onhystre lla  pa re legan tu la Tricoma sp. 7
N anno la im us  sp. 2 M ete p s ilo ne m a  ca la is i A m phim onhystera  anechm a Tricoma sp. 9
Paracanthonchus longus M e te p s ilo ne m a  em ersum A m ph im onhystre lla  sp. 1 Tricoma sp. 1 0
Paracanthonchus thaum asius M e te p s ilo ne m a  hagm e ieri Cobbia tre fus iae fo rm is Tricom a sp. 1 1
Paracanthonchus sp. 2 Perepsilom a crassum D ap to n e m a  fis tu la tu m Tricom a sp. 1 2
P aracyatho la im us occultus Dracognom us tinae D ap to n e m a  fla ge llica u da ta Tricoma sp. 1 4
Paracyatho la im us pen todon Prochaetosom a m ed itte ra n icum D ap to n e m a  h irsu tum Tricom a sp. 1 5
Paracyatho la im us  sp. 1 Pareudraconem a  sp. 1 D ap to n e m a  kornoeense Tricoma sp. 1 7
Paracyatho la im us  sp. 2 Bolbo la im us den ta tus D ap to n e m a  nanum Siphonola im us ewensis

Paracyatho la im oides assym etricus B o lbolaim us riem ann i D ap to n e m a  norm and icum Linhomoeidae sp. 1
Paracyatho la im oides lab iosetosus B olbolaim us teu ton icus D ap to n e m a  p rop riu m Linhomoeidae sp. 2
P aralongicya tho la im oides m a cram ­ Bo lbo la im us  sp. 1 D ap tonem a  riem ann i D esm ola im us zeelandicus

phis C alom icro la im us acanthus D ap tonem a  stylosum D esm ola im us  sp. 1
P aralongicya tho la im oides  sp. 1 C alom icro la im us honestus D ap to n e m a  svalbardense M egadesm ola im us  sp. 1
P hyllo la im us tr id e n ta tu s C alom icro la im us m onstrosus D ap to n e m a  tenu isp icu lum E leu the ro la im us am asi

Pom ponem a a m m oph ilum C alom icro la im us parahonestus D ap to n e m a  trich in u s ' E leu thero la im us in iqu isetosus

Pom ponem a ca rin a tu m C alom icro la im us  n. sp. 1 D ap to n e m a  xya lifo rm e E leu thero la im us  sp. 1
Pom ponem a coom ansi C alom icro la im us  sp. 2 D ap to n e m a  sp. 1 E leu thero la im us stenosom a

Pom ponem a elegans C inctonem a  sp. 1 D ap to n e m a  sp. 3 M eta lin h om o e us  n. sp. 1
Pom ponem a lo ticum Ixonem a sordidum D ap to n e m a  sp. 4 M eta lin h om o e us  sp. 2
Pom ponem a m u lt ip a p illa tu m M ic ro la im us  acinaces D ap to n e m a  sp. 5 M e ta linhom oeus  sp. 3
Pom ponem a sedic im a M ic ro la im us  annelisae Ech ino the ris tus teu ton icus Terschellingia long icaudata

Pom ponem a tau trense M ic ro la im us  conothelis Gonionchus cum braensis Linhom oeus e longa tus '
Pom ponem a  sp. 1 M icro la im us  cyatho la im oides Gonionchus long icaudatus Linhom oeus fila ris

Pom ponem a  sp. 2 M icro la im us  m arinus Gonionchus he ip i Paralinhom oeus f i lifo rm is '
Pom ponem a  sp. 3 M icro la im us  ostracion M e tadesm o la im us  aduncus Paralinhom oeus lep tu rus

Chon io la im us p a p illa tu s M ic ro la im us  sp. 1 M e tadesm o la im us  pandus Paralinhom oeus sp. 1
Chonio la im us sp. 1 M ono p o s th ia  m irab ilis Linhystera A scola im us  sp. 1
G am m anem a conicauda Nudora  n. sp. 1 Param onhystera pe lluc ida A xono la im us helgo landicus

G am m anem a ra pa x Rhinem a  sp. 1 Rhynchonem a ceram otos A xono la im us orcom bensis

G am m anem a  n. sp. 1 A la im e lla  c incta Rhynchonem a fa lc ife rum O dontophora  p a ra v illo ti



O dontophora  p ha la ra ta  
O dontophora  exharena  
O dontophora  sp. I '
O dontophora  sp. 2 
O dontophora  sp. 3 
O dontophoro ides param onhystera  
Synodontium  sp. I 
S abatie ria  a rm a ta  
S abatie ria  ce ltica  
S abatie ria  longispinosa  
S abatie ria  ro ta  
S abatie ria  p un c ta ta  
S abatie ria  sp. I 
S etosaba tie ria  h ila ru la  
Param esonchium  belg icum  
A raeo la im o ides  sp. I 
C am pyla im us sp. I 
D ip lo p e ltu la  botu la  
D ip lo p e ltu la  n. sp. I 
D ip lo p e ltu la  n. sp. 2 
D ip lo p e ltu la  sp. 3 
D ip lo p e ltu la  sp. 5 
Pararaeola im us nudus 
Southern ie lla  zosterae  
Southern ie lla  sp. I 
Trilep tium  parise tum  
Enoplo ides sp icu loham atus  
Enoplo la im us conicollis 
Enoplo la im us long icaudatus  
E noplo la im us p rop inquus  
E noplo la im us zosterae  
Enoplo la im us  sp. I 
M esacan th ion  a frican th ifo rm e  
M esacan th ion  d ip lechm a  
M esacan th ion  h irsu tum  
M esacan th ion  sp. I 
Oxyonchus den ta tus  
Oxyonchus sp. I 
Param esacanthion  sp. I 
A nop los tom a  sp. I 
C haetonem a  sp. I 
C haetonem a  sp. 2 
A n ticom a  acum ina ta  
Thalassironus sp. I 
Synonchus brevisetosus  
O xystom ina  sp. I 
Thalassoala im us tardus  
Thalassoala im us  sp. I 
W ieseria  p ica  
W ieseria  sp. I 
H ala la im u s  aff. florescens 
H ala la im u s  sp. I 
H ala la im us  sp. 2 
H ala la im u s  sp. 3 
H ala la im u s  sp. 4 
H ala la im u s  sp. 5 
Pelagonem a sp. I 
O ncho la im ellus  sp. I 
Viscosia coom ansi 
Viscosia franzz i 
Viscosia g labra  
Viscosia langrunensis 
Viscosia separab ilis  
Viscosia viscosa 
Viscosia n. sp. I 
Viscosia n. sp. 2 
Viscosia sp. I 
Viscosia sp. 2 
Viscosia sp. 3 
M e toncho la im us scanicus 
M e toncho la im us  sp. I 
O nchola im us carnpylocero i de s 
O nchola im us a f f  a tte n u a tus  
C alyp tronem a m axw ebe ri 
E urystom ina  o rna ta  
E urystom ina  sp. 3

P areurystom ina  sp. I 
Polygastrophora  sp. I 
B athy la im us capacosus 
B athyla im us p a ra filica u d a tu s  
B athyla im us para long isetosus  
R habdodem ania  b irg itta e  
R habdodem ania  m ino r  
R habdodem ania  sp. I 
Pandolaim us  sp. I 
Rhabdocom a am ericana  
Rhabdocom a m ino r  
Trefusia n. sp. I 
Laura tonem o ides  sp. I

P H O R O N ID A
Phoronida spec

C N ID A R IA
Bouga invillea  b ritta n ic a  
M itro c o m e lla  p o lyd iad e m ata

C T E N O P H O R A
(kamkwallen)
P leurobachia p ileus  
Beroe cucum is  
Beroe gracilis  
Beroe sp.

C H A E T O G N A T H A
(pijlwormen)
Sagitta  elegans

P O L Y C H A E T A
(borstelwormen)
H a rm o th o e  lunu la ta  
H a rm o th o e  ljungm an i 
H arm o th o e  nodosa  
H arm o th o e  speceis  
Eunoe nodosa  
Sigalion m a th ildae  
Pholoe m inu ta  
Pholoe ¡norata  
Sthenelais boa  
Pisione rem ota  
Eteone longa  
Eteone flava  
Eteone lactea  
M ystides  lim b a ta  
Protom ystides sp.
H esionura  augeneri 
Phyllodoce lam inosa  
Phyllodoce sp.
A n a itid e s  groen land ica  
A n a itides  m ucosa  
A n a itides  m acu la ta  
A n a itides  linea ta  
A n a itides  subu life ra  
E um ida sanguinea  
E um ida bahusiensis  
M ic rop h th a lm u s  sim ilis  
M ic rop h th a lm u s  listensis  
Syllis gracilis  
Typosyllis va riega ta  
Typosyllis a rm illa ris  
Eusyllis b lom strand i 
Streptosyllis  w ebste ri 
Streptosyllis  arenae  
O p is todon ta  p te ro cha e ta  
Sphaerosyllis hys trix  
Syllidae sp.
Exogone verugera  
Exogone na id ina  
Exogone hebes 
A u to ly tus  p ro life r 
A u to ly tus  edw ardsi 
A u to ly tus  sp.
N ere is succinea

N ere is longissim a  
N ephtys cirrosa  (zager) 
N ephtys hom berg ii (zager) 
N ephtys longosetosa  (zager) 
N ephtys caeca (zager) 
N epthys incisa (zager) 
N epthys  sp. (zager)
Glycera ca p ita ta  
Glycera a lba  
Glycera convoluta  
Glycinde nordm ann i 
G oniade lla  bob re tzk ii 
Lum brineris  gracilis  
Lum brineris  la tre illi 
D orv illea  caeca  
D orv illea  neglecta  
P ro todorv illea  ke fe rs te in i 
Scoloplos a rm ig e r  
A ric idea  m inu ta  
Paraonis fulgens  
Poecilochaetus serpens  
Spio filico rn is  
Spio sp.
Polydora c ilia ta  
Polydora pu lchra  
Polydora lign i 
Polydora sp.
Pygospio elegans 
Spiophanes bom byx  
Spiophanes kroyeri 
Aonides oxycepha la  
Aonides p auc ib ranch ia ta  
Scolelepis bonn ieri 
Scolelepis squam ata  
M alacoceros vulgaris 
M age lona  pap illico rn is  
C au le rie lla  a la ta  
Tharyx m arion i 
C irra tu lus filifo rm is  
C haetozone setosa  
M a croch a e ta  helgo landica  
C irra tu lidae  sp.
O phelia  lim acina  
Euzonus flabe llige rus  
Travisia forbesii 
C ap ite lla  ca p ita ta  
C ap itom astus  m in im us  
Capitellidae sp.
N otom astus  la te riceus  
H ete rom astus  filifo rm is  
Praxillura  longissim a  
O w enia fus ifo rm is  
P ectinaria  koren i 
Lanice conchilega  (zandkoker- 
worm)
Polycirrus m edusa  
Polycirrus sp.
Pom atoceros tr iq u e te r  
O riopsis a rm and i

A R C H IA N E L L ID A
P ro to d rilu s  ch ae tife r 
Protodrilus  sp.
Polygordius app e n d icu la ta  
Saccocirrus pap illoce rcus  
Saccocirrus sp.

O L IG O C H A E T A
G rania postc lite lloch a e ta  
Oligochaeta sp.

N E M E R T IN A
Nemertini sp.

S IP U N C U L ID A
Sipunculid sp.

C E P H A L O P O D A
Sepiola a tla n tic a  (kleine zeekat) 
Sepia o ffic ina lis  (zeekat)
Loligo vu lgaris (pijlinktvis) 
A llo th e u tis  subu la ta  (kleinepijlinkt- 
vis)

G A S T R O P O D A  (slakken) 
Lep toch iton  asellus (keverslak) 
C rep idu la  fo rm ica ta  (muiltje) 
N assarius re ticu la tus  (fuikhoorn) 
Luna tia  a ld e ri (glanzende tepel- 
hoorn)
Caecum  g lab rum

B IV A L V IA  (schelpen)
Striarca lac tea  (melkwitte 
arkschelp)
M odio lus  m odio lus  (paardemossel) 
M ytilu s  edulis (blauwe mossel) 
G oodallia  tr ia ng u la ris  (kleine 
astarte)
B arnea cand ida  (w itte boormos­
sel)
Tellimya ferug inosa  (ovaal zee- 
klitschelpje)
M yse lla  b id e n ta ta  (tweetand- 
schelpje)
C erastoderm a edule  (kokkel) 
C ham elea s tr ia tu la  (venusschelp) 
Venerupis pu llas tra  (tapijtschelp) 
Petricola  pho la d ifo rm is  
(amerikaanse boormossel)
M a c tra  cornalina  (grote strand­
schelp)
Spisula solida  (stevige strand­
schelp)
Spisula e llip tica  (ovale strand­
schelp)
Spisula su b tru nca ta  (halfgeknotte 
strandschelp)
Spisula sp.
D onax v ita tus  (zaagje)
Angulus pygm aeus (kleine 
platschelp)
Angulus fabu la  (rechtsgetreepte 
platschelp)
Angulus tenuis  (tere platschelp) 
M a com a  ba ltica  (nonnetje)
Abra n itid a
Abra p rism a tica  (prismatische 
dunschaal)
Abra a lba  (w itte dunschaal)
Ensis a rcuatus  (grote zwaard­
schede)
Ensis ensis (slanke kleine zwaard­
schede)
Ensis sp.
Phaxas pe lluc idus  (sabelschede) 
Sphenia b ingham i 
Thracia papyracea  
A equ ipecten  opercu laris  (wijde 
mantel)

P Y C N O G O N I D A  (zeespinnen)
N ym phéa  rubrum
A che lia  longipes
Ph ox i chi I i d i u m fe m aratum
Endeis laevis
Pycnogonum litto ra le

H A R P A C T IC O ID E A
Long iped ia  m ino r 
C anuella  p e rp lexa  
A renose te lla  germ an ica  
Ectinosom a m elan iceps  
Ectinosom a  sp. I 
H alee ti no so m a go th icep s



H alec tinosom a  herdm an i 
H alec tinosom a  p rop inquum  
H alec tinosom a  sarsi 
H alec tinosom a  sp. I 
H astige re lla  lep tode rm a  
Pseudobradya bedu ina  
Pseudobradya m ino r 
Pseudobradya sim ilis  
Pseudobradya  sp. I 
Ectinosomatidae sp. indet. 
E ute rp ina  acutifrons  
M ic ro a rth rid io n  litto ra le  
Thom psonula hyaenae  
S cute llid ium  austra le  
Tisbe fu rca ta  
A lte u th a  depressa  
D acty lopode lla  flava  
D acty lopode lla  tisbo ides  
D acty lopode lla  vu lgaris  
Am phiasco ides debilis  
Am phiascus parvus  
Apm hiascus varians  
Bulbam phiascus im us  
Bulbam phiascus inerm is  
Param phiasce lla  vararensis  
Param phiascopsis long irostris  
P sam m otopa phyllosetosa  
Am eira  brevipes  
Am eira  hyalina  
A m eira  pa rvu la  
In te rlep tom esoch ra  eu lito ra lis  
Proam eira psam m ophy la  
Proam eira  sp. I
Psyllocam ptus m inu tus gela tinosus  
Sarsam eira peresi 
Sicam eira lep to d e rm a  
Ameiridae spp.
A podopsyllus litto ra lis  
Apodopsyllus  sp. I 
D ia rth ro d e lla  secunda  
Kliopsyllus constric tus  
Kliopsyllus holsa ticus  
Kliopsyllus paraho lsa ticus  
Param esochra he lgo landica  
Param esochra m ie lke i 
Scottopsyllus m ino r  
Scottopsyllus aff. m ino r 
Scottopsyllus sp. I 
Scottopsyllus sp. 2 
Scottopsyllus sp. 3 
Scottopsyllus in te rm ed ius  
Paramesochridae gen. I sp. I 
M esochra  pygm aea  
Arenocaris  b ifid a  
A renopon tia  sp. I 
Cylindropsyllus rem ane i 
Evansula pygm aea  
Lep tastacus la tica u d a tus  
Lep top o n tia  curv icauda  
P aralep tastacus espinu la tus  
P ara lep tastacus holsa ticus  
P ara lep tastacus sp in icauda  
Psam m astacus rem ane i 
Enhydrosom a p rop inquum  
Cletodidae sp.
Esola bu lligera  
Laophonte  co rnu ta  
Laophonte  danversae  
Laophontopsis  lam e llife ra  
M e ta cyc lo p ina  brevisetosa

C A L A N O ID E A
C entropages typ icus  
Temora longicorn is  
C alanus helgo landicus  
Caligidae sp.

E U P H A U S IA C E A  (krill) 
N yctiphanes couchi

M Y S ID A C E A  (aasgarnalen) 
Sirie lla a rm a ta  
Gastrosaccus sp in ife r 
M ysidopsis gibbosa  
Paramysis arenosa  
Schistomysis ke rve lle i 
Schistomysis sp iritus  
Praunus flexuosus  
M esopodopsis  s labberi 
N eom ysis in tege r (brakwateraas- 
garnaal)
Acanthom ysis longicorn is

C U M A C E A  (zeekomma's) 
Cum opsis goodsiri 
Cum posis sp.
Iph inoe trisp inosa  
Pseudocum a longicorn is  
Pseudocum a sim ilis  
Pseudocuma gilson i 
Pseudocuma sp.
Bodotria  arenosa  
Bodotria  scorpio ides  
Bodotria  pu lche lla  
D iastylis rugosa  
D iastylis laevis 
D iasty lis  bradyi 
D iasty lis  ra thke i

T A N A ID A C E A
Tanaissus lilljebo rg i 
Pseudopara tana is  ba te i

IS O P O D A  (pissebedden) 
Prodajus ostendensis 
Eurydice sp in igera  
Eurydice a ffin is
Eurydice pu lchra  (strandpissbed) 
Ido tea  linearis  
Ido tea  pelag ica

A M P H IP O D A  (vlokreeften) 
H ippom edon  den ticu la tus  
Orchom ene nana  
Orchom ene  sp.
Tm etonyx sim ilis  
Scopelocheirus hope i 
Am pelisca  brevicorn is 
Panoploea m inu ta  
A m philochus m anudens  
A m philochus neapo litanus  
Leucothoe lilljebo rg i 
Leucothoe incisa  
Stenothoe m arina  
Talorchestia b rito  (strandvlo) 
G am m arus crin icornis  
G am m arus  sp.
Gheirocratus sundevalli 
G heirocratus in te rm ed ius  
C heirocratus  sp.
M e lita  p a lm a ta  
M e lita  ob tusata  
Bathypore ia  gu illiam son iana  
B athypore ia  pe lag ica  
Bathypore ia  elegans 
Bathypore ia  sp.
H austo rius  arenarius  
U rothoe poseidonis  
U rothoe brevicorn is  
U rothoe m arina  
U rothoe elegans 
U rothoe  sp.
Perioculodes longim anus  
Pontocrates a ltam a rin us  
Pontocrates arenarius

Synchelidium  hap loche les  
M ega lu ropus agilis  
M e lp h ip id e lla  m acra  
Apherusa  ovalipes 
Apherusa  b ispinosa  
A pherusa  sp.
Pleusym tes g la b e r  
A ty lus fa lca tus  
A ty lus sw am m erdam i 
A ora typ ica
M ic rop ro to p us  m acu la tus  
C oroph ium  v o lu ta to r (slijkgarnaal) 
C orophium  a renarium  
C orophium  sextonae  
C orophium  ascherusicum  
C orophium  bone lli 
U ncio la  p lan ipes  

Jassa fa laca ta  
H hyp e ria  ga lba
Pariam bus typ icus  (hongerlijder) 
Phthisica m arina  (spookkreeftje)

D E C A P O D A
Palaem on elegans (gewone 
steurkrab)
Palaem on serratus  
Alpheus g la b e r  
H ip p o ly te  varians  
Thoralus cranchii 
Processa cana licu la ta  
Processa m odica  (pa rva )
Pandalina brevirostris
Pandalus m ontagu i (ringsprietgar-
naal)
Crangon crangon (gewone gar­
naal)
Crangon a llm an i 
Philocheras trisp inosus  
Callianassa subte rranea  
C allianassa tyrrhena  
C allianassa  sp.
U pogebia  de ltau ra
G a la thea  in te rm e d ia
Pisidia longicorn is  (porseleinkrab-
betje)
A napagurus laevis (heremiets- 
kreeft)
Pagurus bernhardus  (heremiets- 
kreeft)
Pagurus p rid e a u x i (heremiets- 
kreeft)
D iogenes p u g ila to r (heremiets- 
kreeít)
E balia  tu m e fa c ta  (gladde 
kiezelkrab)
Inachus dorse ttens is  (gestekelde 
sponspootkrab)
Achaeus cranch ii (wratoogkrab) 
M a crop o d ia  ros tra ta  (gewone 
hooiwagenkrab)
H yas coarc ta tus  (rode spinkrab) 
Hyas araneus  (gewone spinkrab) 
Eurynom e aspersa  (padde- 
stoelkrab)
Thia scu te lla ta  (nagelkrab) 
Corystes cassivelaunus (helmkrab) 
Cancer pagurus (noordzeekrab) 
Portum nus la tipes  (breed- 
pootkrab)
Carcinus m aenas (strandkrab) 
L iocarcinus holsatus  (gewone 
zwemkrab)
Liocarcinus m arm oreus  
(gemarmerde zwemkrab) 
Liocarcinus d ep u ra to r  (blauw- 
pootzwemkrab)
Liocarcinus arcuatus  (gewimperde 
zeekrab)

N ecora p ub e r (fluwelen 
zwemkrab)
Pilum nus h irte llus  (harig krabbe- 
tje)
Pinnotheres p isum  (erwtkrabbe- 
tje)

E C H IN O D E R M A T A  (stekel- 
huidigen)
A ste rias rubens (zeester)
O phiura  oph iura  (brokkelster) 
O phiura  a lb ida  (brokkelster) 
O phiura  a ffin is  (brokkelster) 
O phiura  sp.
A m ph iu ra  filifo rm is  (slangster) 
A m ph iu ra  b rach ia ta  (slangster) 
O p h io tr ix  frag ilis  (slangster) 
Psam m echinus m ilia ris  (zeeappel) 
Spatangus purpureus  (paarse 
zeeklit)
Ech inocard ium  co rda tum  (zeeklit) 
Echinocyam us pusillus (zeeboont-
je)

C H O R D A T A
Am phioxus lanceolatum  (lancetvisje)

PISCES (vissen)
Lam ptera  flu v ia tilis  (rivierprik) 
Galeorh inus galeus  (ruwe haai) 
M uste lus  m uste lus  (gladde haai) 
Scyliorhinus canicu la  (hondshaai) 
Raja c lava ta  (stekelrog)
D asyatis pas tinaca  (pijlstaartrog) 
A ngu illa  angu illa  (paling)
Clupea harengus (haring)
Sprattus sp ra ttus  (sprot)
Alosa alosa (elft)
Alosa fa lla x  (fint)
Engraulis encrasicolus (ansjovis) 
Salmo tru tta  (forel)
Osm erus eperlanus  (spiering) 
Cadus m orhua  (kabeljauw) 
M e rlang ius  m erlangus  (wijting) 
Trisopterus luscus (steenbolk) 
Trisopterus m inu tus  (kleine steen­
bolk)
Pollachius po llach ius  (pollak) 
M icrom esis tius  poutassou  (blauwe 
wijting)
Enchelyopus c im brius  (vierdradige 
meun)
C ilia ta  m uste la  (vijfdradige meun) 
M erlucc ius  m erlucc ius  (heek) 
Lophius p isca to rius  (zeeduivel - 
staartvis)
Belone belone  (geep)
A th e rin a  p resbyte r (koornaarvis) 
Zeus fabe r (zonnevis)
G asterosteus aculea tus  
(driedoornige stekelbaars) 
Syngnathus ros te lla tus  (kleine 
zeenaald)
Syngnathus acus (grote zeenaald) 
Trigla lucerna  (rode poon)
E utrig la  gurnardus  (grauwe poon) 
M yoxocepha lus  scorpius (zee- 
donderpad)
Enophrys buba lis (groene zee- 
donderpad)
Agonus ca ta p hra c tu s  (harnasman- 
netje)
C yclopterus lum pus  (snotolí) 
L iparis  lip a ris  (slakdolf) 
D icentrarchus lab ra x  (zeebaars) 
Trachurus trachurus  (horsmakreel) 
Spondyliosom a cantharus  
(zeekarper)



M ullus  su rm ule tus  (mul - koning 
van de poon)
Chelon labrosus (diklipharder) 
Zoarces v iv iparus (puitaal)
Pholis gunellus  (botervis) 
Echiichthys vipera  (kleine pieter­
man)
A m m odytes tob ianus  (zandspier- 
ing)
Gym nam m odytes sem isquam atus  
(zandspiering)
H yperop lus  lanceo la tus  (smelt) 
Callionym us lyra (pitvis) 
Callionym us re ticu la tu s  (raster- 
pitvis)
Pom atoschistus m icrops (brakwa- 
tergrondel)
Pom atoschistus m inu tus  (dikkopje) 
Pomatoschistus lozanoi (lozano's 
grondel)
Pom atoschistus p ic tus  (kleurige 
grondel)
A ph ia  m inu ta  (glasgrondel) 
Scom ber scom brus  (makreel) 
Arnoglossus la te rn a  (schurftvis) 
Scophthalm us m a x im u s ' (tarbot) 
Scophthalm us rhom bus  (griet) 
Pleuronectes p la tessa  (schol - 
pladijs)
Pleuronectes flesus (bot)
L im anda lim anda  (schar) 
M icros tom us k it t (tongschar)
Solea solea (tong)
Buglossidium  lu teum  (dwergtong)

A V IF A U N A  (zeevogels)
Gavia s te lla ta  (roodkeelduiker) 
Cavia a rc tica  (parelduiker)
Cavia im m er (ijsduiker)
Podiceps cris ta tus  (fuut)
Podiceps grise igena  (roodhalsfuut) 
Podiceps n ig rico lllis  (geoorde fuut) 
Fulm arus g lac ia lis  (noordse storm­
vogel)
Puffinus gravis (grote pijlstorm- 
vogel)
Puffinus griseus (grauwe pijlstorm- 
vogel)
Puffinus pu ffinus  (noordse p ijI- 
stormvogel)
H ydroba tes pelag icus  (storm- 
vogeltje)
O ceanodrom a leucorhoa  (vaal 
stormvogeltje)
M orus bassanus (jan van gent) 
P halacrocorax carbo  (aalscholver) 
P halacrocorax a ris to te lis  
(kuifaalscholver)
Som ateria  m olliss im a  (eidereend) 
M e la n itta  n igra (zwarte zee- 
eend)
M e la n itta  fusca (grote zee-eend) 
Phalaropus lobatus  (grauwe fran- 
jepoot)
S tercorarius pom arinus  (middelste 
jager)
S tercorarius paras iticus  (kleine 
jager)
Stercorarius longicaudus (kleinste 
jager)
Stercorarius skua  (grote jager) 
Larus m e lanocepha lus  (zwartkop- 
meeuw)
Larus m inu tus  (dwergmeeuw) 
Larus sabin i (vorkstaartmeeuw) 
Larus rid ibundus  (kokmeeuw)

Larus delaw arensis  
(ringsnavel meeuw)
Larus canus (stormmeeuw)
Larus fuscus fuscus (kleine man- 
telmeeuw)
Larus fuscus grae lls ii (kleine man- 
telmeeuw)
Larus a rgen ta tus  (zilvermeeuw) 
Larus cachinnans  (geelpoot- 
meeuw)
Larus m arinus  (grote man- 
telmeeuw)
Larus hyperboreus (grote burge­
meester)
Rissa tr id a c ty la  (drieteenmeeuw) 
G elochelidon n ilo tica  (lachstern) 
Sterna sandvicensis (grote stern) 
Sterna h irundo  (visdief)
Sterna pa rad isaea  (noordse 
stern)
Sterna a lb ifrons  (dwergstern) 
C hlidonias n ige r (zwarte stern) 
U ria  aalge  (zeekoet)
A lca to rda  (alk)
A lle  a lle  (kleine alk)
Fratercula arctica (papegaaieduik- 
er)

M A M M A L IA  (zeezoogd ¡eren) 
Lagenorhynchus a lb iros tris  (w it- 
snuitdolfijn)
Lagenorhunchus acutus  (w it- 
zijdedolfijn)
Phocoena phocoena  (bruinvis) 
H alichoe rus grypus  (grijze zee­
hond)
Phoca v itu lina  (gewone zeehond)
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