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[ O s c h m a n n ,  W. (1991): Ecology and bathymetry of the late Q uaternary shelly macrobenthos 
from bathyal and abyssal areas of the Norwegian Sea. — Senckenbergiana marit., 21 (5/6):
155-189, 16 figs., 2 tabs.; Frankfurt a. M.]

The shelly macrobenthos (mainly molluscs) from continental slope to basin environments 
of the Norwegian Sea have been studied along a transect from the Norwegian Shelf Slope 
Break to Jan Mayen. The faunal diversity (36 taxa in total) is relatively high, but the average 
size of taxa is very small, with many taxa of m eiobenthic dimensions. In general, the density 
and diversity of the macrobenthos decreases with increasing depth from 580 to 3222 m, but 
is also influenced by local factors. As no sample from  < 5 8 0 m could be collected, only 
maximum depth occurrence could be given. Due to isotherm  conditions in the water column 
below 400 m hydrostatic pressure seems to be the m ain factor controlling depth range of 
species. Eurybathic taxa (10), ranging in depth from 580 to  3222 m, are remarkably abundant.

Using cluster analysis, five benthic associations have been determined, which are depth- 
related but exhibit some overlap as well as patchy d istribution along the transect. Epifauna 
accounts for up to 40% and suspension-feeders up to 70% of the fauna. Both values are 
unusually high, and may be due to dropstones, which provide small hard substrates and cause 
environmental heterogeneity.

K u r z f a s s u n g .

[ O s c h m a n n ,  W. (1991): Ökologie und Bathymétrie des spätquartären schalentragenden 
M akrobenthos der bathyalen und abyssalen Bereiche des Europäischen Nordmeeres. — 
Senckenbergiana m arit., 21 (5/6): 155-189, 16 Abb., 2 Tab.; F rankfurt a. M.]

Das schalentragende M akrobenthos (überwiegend Mollusken) am Kontinentalabhang und 
Becken des Europäischen Nordm eers wurde entlang eines Richtschnitts vom Norwegischen
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Schelfabhang bis Jan Mayen untersucht. Die Fauna zeigt eine hohe Diversität (36 Taxa). Die 
Durchschnittsgröße der Individuen ist sehr klein, viele Taxa erreichen lediglich die mesoben- 
thische Größenklasse. Generell nim m t die Faunendichte und Diversität m it der Tiefe von 
580 bis 3222 m ab, dieser Trend wird aber teilweise von lokalen Faktoren überprägt. Da keine 
flachen Bereiche beprobt werden konnten gibt die Tiefenverbreitung der meisten Taxa 
lediglich die Maximaltiefe an, nicht jedoch die Minimaltiefe. Die isothermen Bedingungen 
im europäischen N ordm eer unterhalb von 400 m  Wassertiefe legen eine vom hydrostatischen 
D ruck lim itierte Tiefenverteilung nahe. Eurybathe Taxa (10), die von 580 bis 3222 m Vorkom­
men, sind sehr häufig.

Mit Hilfe einer Cluster-Analyse wurden fün f Benthos-Assoziationen ermittelt, die eine 
Tiefenzonierung aufweisen, aber auch eine fleckenhafte Verteilung entlang der Proben­
traverse. D er Anteil von Epibenthos in den Assoziationen erreicht bis zu 40%, Filtrierer bis 
zu 70%. Beide Werte sind für Tiefseemilieus ungewöhnlich hoch, und stehen vermutlich mit 
dropstones im Zusammenhang. Als Hartsubstrate in Weichböden erzeugen sie ein heterogenes 
Milieu.

In troduction .

T h e  N o rw eg ian  Sea is p a r ticu la r ly  su itab le  fo r stud ies o f th e  (palaeo)eco logy  
a n d  b a th y m e try  o f  sh e lly  m ac ro b en th o s  fo r  tw o  reasons, th e  m o rp h o lo g y  o f th e  
sea f lo o r  an d  th e  ra th e r  u n ifo rm  te m p e ra tu re  d is tr ib u tio n . N o rm a lly  th e  c o n tin e n ­
ta l  slope is a n a rro w  area, d ip p in g  steep ly  c o m p a red  to  th e  sh e lf  and  abyssal p lains. 
S e d im e n ta ry  processes o n  c o n tin e n ta l slopes p re d o m in a n tly  take  p lace  as gravita­
tio n a l t r a n s p o r t  (e.g. slides, slum ps, d e b ris  o r  g ra in  flow s, an d  tu rb id i ty  cu rren ts; 
cf. S t o w  1986). O n  th e  slope and  especia lly  at its  fo o t, w h e re  sed im en ts a re  trap p ed , 
o c c u r  th e re fo re  h a rsh  an d  in h o sp itab le  en v iro n m en ts , p a r tic u la r ly  fo r th e  shelly  
m ac ro b e n th o s  (m ain ly  m olluscs). In  th e  N o rw e g ia n  Sea, how ever, th e  c o n tin e n ta l 
slo p e  te rm in a te s  a lread y  a t a d ep th  o f a b o u t 1000 m an d  changes in to  a g e n tly  d ip p ­
in g  p la teau , th e  V oring  P la teau . T h e re fo re  ba thya l en v iro n m en ts  are spread  over 
a large a rea  (Figs. 1, 3), and  due to  a m u c h  low er ra te  o f  te rr ig en o u s  sed im en ta tio n  
p ro v id e  m o re  h o sp itab le  e n v iro n m en ts  fo r sh e lly  m ac ro b en th o s . T h e  seco n d  reason 
is th e  ra th e r  u n ifo rm  te m p e ra tu re  d is tr ib u tio n  in  th e  N o rw eg ian  Sea be low  400 m 
(e.g. D i e t r i c h  e t al 1975; S e g s c h n e i d e r  in : G e r l a c h  e t al. 1986; P e i n e r t  et al. 
1987). T h ese  iso th e rm  co n d itio n s  ru le  o u t te m p e ra tu re  as a c ritica l fa c to r  governing 
d is tr ib u tio n  o f th e  b e n th ic  fauna. T h e ir  d e p th  ranges, th e re fo re , m u st be c o n tro lled  
b y  o th e r  d e p th  re la ted  p a ram ete rs such  as th e  hyd ro sta tic  p ressure .

M aterial and M ethods.

T h e  sam ples w ere  o b ta in ed  d u rin g  c ru ise  I I / 2 o f  th e  G e rm a n  research  vessel 
“ M E T E O R ”  in  th e  N o rw eg ian  Sea d u r in g  Ju ly  1986. T h e  sam p lin g  s ta tio n s  are 
a rran g ed  a lo n g  a tra n se c t fro m  th e  sh e lf edge o f N o rw a y  to  Ja n  M ayen  Is lan d  near 
th e  m id  o cean ic  ridge  and  cover a d is tan ce  o f a b o u t 1000 km . T h e  m ate ria l comes 
fro m  20 bo x  co re  sam ples tak en  a t 11 sam p lin g  s ta tio n s  w ith  a d e p th  b e tw een  580 
an d  3222 m  (Fig. 1). L ive shelly  m a c ro b en th o s  o ccu rred  in  th e  sam ples o n ly  in  rare 
n u m b ers . In  o rd e r  to  o b ta in  re liab le  sam p le  sizes w ith  su ffic ien t n u m b ers  of 
in d iv id u a ls  o f each  box co re  a b o u t 15 kg o f  sed im en t was ca re fu lly  w ashed  th ro u g h
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Fig. 1. Sketch map of the Norwegian Sea, w ith sampling stations of the box cores Nrs. 
98-124.

Abb. 1. Lage der Probenstationen Nr. 98-124 im Europäischen Nordmeer.

a 0 .5  m m  sieve. T h is  w ay th e  h a rd p arts  o f  m ost post-larval stages o f th e  genera lly  
sm all and  fragile sh e lly  m a c ro b en th o s  (m ain ly  m olluscs) w ere  re triev ed  and  served 
as th e  da ta  base fo r s tu d y in g  th e  b a th y m e tr ic  d is tr ib u tio n  as w ell as th e  s tru c tu re  
an d  re la tio n sh ip  o f  th e  (p a laeo )co m m u n itie s  o f th e  N o rw eg ian  Sea.

A p p lica tio n s  o f th e  c o m m u n ity  co n ce p t (a sso c iatio n  c o n c e p t respectively ) on 
sh e lly  m arine  m a c ro b en th o s  fro m  sh a llo w  m arin e  en v iro n m en ts  is an in teg ral p a rt 
o f  (actuo )-p a laeo n to lo g y  (e.g. D o d d  &  St a n t o n  1 9 8 1 ; T h o m s e n  &  V o r r e n  1 9 8 6 ; 
F ü r s i c h  &  F l e s s a  1 9 8 7 , 1 9 9 1 ). Sim ilar d e ta iled  in v estiga tions o f  ba thyal and  
abyssal m ac ro b en th o s , how ever, a re  ra re . R esearch is largely  co n fin ed  to  tax o n o m y  
a n d  au teco logy  (e.g. K n u d s e n  1 9 7 0 , 1 9 7 9 ; A l l e n  &  Sa n d e r s  1 9 7 3 ; S a n d e r s  &  
A l l e n  1 9 7 3 , 1 9 7 9 ; C l a r k e  1 9 7 4 ; B o u c h e t  &  W a r é n  1 9 7 9 ). Q u a n tita tiv e  studies 
a re  ra re  (e.g. G a g e  1 9 7 7 ; R o w e  e t al. 1 9 8 2 ; G r a s s l e  &  M o r s e -P o r t e o u s  1 9 8 7 ; 
G r a s s l e  1 9 8 9 ; J a n s s e n  1 9 8 9 ; R o m e r o -W e t z e l  1 9 8 9 ; R e x  e t al. 1 9 9 0 ; H e c k e r  1 9 9 0 ) 
an d  u su a lly  include  also taxa  w i th o u t  h a rd p arts  w h ich  are  fa r m o re  co m m o n . In 
c o n tra s t ,  he re  o n ly  tax a  w ith  h a rd p a r ts  (m ain ly  m olluscs) are  co n sid ered . T h is  p ro ­
vides a data set co m p arab le  to  o th e rs  fro m  m o d ern  and  fossil sh e lf and  deep sea 
en v iro n m en ts .

Som e b io log ists (e.g. K n u d s e n  1 9 7 0 ) rejected  h a rd p arts  as th e  sole d a ta  base 
fo r  s tu d ies o n  eco logy  an d  b a th y m e try . Shells m ay have been  d isgorged by  fishes 
o r  have lived a ttach ed  to  flo a tin g  seaw eed, an d  th is  w ay co u ld  have reach ed  deep
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sea e n v iro n m en ts  a lth o u g h  o rig in a lly  liv in g  in  sha llow  m arin e  areas. T h e  general 
sm all size o f th e  taxa  co m b in e d  w ith  a h ig h  n u m b e r o f  g ro w th  bands (see below ), 
th e  lack  o f dark  c o lo u r p ig m en ts  in  th e  p e rio s tra cu m  o f  shells, and  th e  s im ila rity  
to  liv ing  m ac ro b en th o s fro m  o th e r  deep sea e n v iro n m en ts  exclude a m ajo r d isto r­
t io n  o f th e  da ta  set in  th a t way. B ulk  sam p lin g  o f  dead shells is th e  accep ted  and 
a p p ro p ria te  way to  o b ta in  d a ta  in  pa laeoecology. In  m o st cases th ey  p rov ide  a good 
da ta  base.

Population Structure.

As a first step  o f any  fau n a l analysis th e  (p a r)a u to ch th o n o u s  n a tu re  o f  the 
sam ples m ust be proved; t r a n s p o r t  and  fau n al m ix in g  m u st be excluded. In  the 
sam ples, few shells are frag m e n te d  and , a p a r t fro m  a few  live in d iv idua ls , bivalves 
occu r d isarticu la ted . C o m m o n ly  size f req u e n c y  h isto g ram s are used to  estim ate  the 
a u to c h th o n y  o f shells (e.g. D o t t  &  S t a n t o n  1981; S o r e n s e n  1984).

H e re , size-frequency  h is to g ram s o f th e  bivalves A s ta r te  crenata  and  Yoldiella  
fra te rn a  are given (Fig. 2). T h ese  tw o  species are, in  so m e sam ples, a b u n d an t 
e n o u g h  to  p ro d u ce  re liab le  data . T h e  size-freq u en cy  h isto g ram s co rre sp o n d  to  a 
ty p ica l lo g a rith m ic  curve an d  suggest th e re fo re  lack  o f tra n sp o r t.  Such curves are 
ty p ica l o f dead assem blages deriv ed  fro m  p o p u la tio n s  w ith  a h igh  juven ile  m o rta lity  
an d  a decreasing  m o r ta l ity  ra te  w ith  age (e.g. D o d d  &  S t a n t o n  1981). B o th  the 
h e te ro d o n t A sta r te  crenata  (Fig. 2a, b) an d  th e  p ro to b ra n c h  Yoldiella  fra te rn a  (Fig. 
2c, d) ex h ib it sim ila r p a tte rn s , desp ite  th e ir  d iffe ren t larval d ev elopm en t 
(p lan k to tro p h ic  versus le c ito tro p h ic ) and  d iffe ren t life h a b it (en d o b en th ic  suspen- 
sion-feeder versus m o b ile  e n d o b e n th ic  deposit-feeder). S o r e n s e n  (1984) re p o rts  a 
b im o d a l size-frequency  h is to g ram  fo r th e  ba thyal p ro to b ra n c h  bivalve Phaseolus 
ovatus , in  his o p in io n  re la ted  to  g ro w th  cessation  due to  a p ro to g y n o u s  (from  
fem ale to  male) sex change. Sex changes in  bivalves are  w ell k n o w n  (e.g. M a c k i e  
1983), b o th  p ro d a n d ro u s  (fro m  m ale to  fem ale, th is  is m o st co m m o n ) and p ro ­
togy n o u s. A lso  rh y th m ic  reversals a re  k n o w n . T h u s, m an y  bivalves are affected by 
g ro w th  cessations, b u t i t  is d ifficu lt to  see how  these  in flu en ce  th e  size-frequency  
p a tte rn . B im odal and  p o ly m o d a l size-freq u en cy  h is to g ram s are  m o re  lik e ly  re la ted  
to  sp o rad ic  larval se ttle m e n t a n d /o r  c e rta in  stress factors w ith in  th e  ecosystem  (e.g. 
A l l e n  1983).

C o m p are d  w ith  sh a llo w  w a te r  sh e lly  m a c ro b en th o s  th e  size of th e  ba thya l and 
abyssal species in  general is v e ry  sm all (e.g. A l l e n  1983). O u t o f ap p ro x im ate ly  
2000 spec im ens from  30 tax a  o f m olluscs th e  largest ( B u cc in u m  sp.) is o n ly  2.7 cm 
h igh . T h e  size-frequency  h isto g ram s o f  A s ta r te  crenata  and  Yoldiella  fra te rn a  show, 
th a t ap p ro x im ate ly  75%  o f  th e  sp ec im en s are sm alle r th a n  5 m m , and  m o re  th an  
90%  sm alle r th a n  1 cm  (Fig. 2). T h is  is a lso  tru e  o f  th e  o th e r , less co m m o n  taxa, 
and  is in  ag reem en t w i th  m an y  o th e r  s tu d ies (e.g. K n u d s e n  1970, 1979; A l l e n  
&  S a n d e r s  1973; G a g e  1977; A l l e n  1983). D eep  sea bivalves, and  less sig n ifican tly  
also g astropods, have red u ced  en erg y  e x p en d itu re  fo r  re p ro d u c tio n  by  a low er rate 
o f  fe cu n d ity  w ith  red u ced  n u m b e rs  of eggs (e.g. S c h e l t e m a  1972; S a n d e r s  &  
A l l e n  1973; A l l e n  1983). Sexual m a tu r i ty  o f  b o th  sexes, in d ica ted  by gonad 
d ev e lo p m en t, s ta rts  a lread y  in  in d iv id u a ls  o n ly  tw o o r th re e  m m  in  size (e.g. 
S a n d e r s  &  A l l e n  1973; L i g h t f o o t  e t al. 1979). T h e  m ost ex trem e  cases rep o rted
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Fig. 2. Size-frequency histograms of the heterodont bivalve Astarte crenata and the pro- 
tobranch bivalve Yoldiella fraterna. — A, C: sampling station 124; B, D: sampling station 
98- — T he histograms show a typical logarithmic shape and suggest high juvenile m ortality 
and lack of transport. Both taxa are very small w ith  up to almost 50% of specimens of 
m eiobenthic dimensions (< 2 m m ).

Abb. 2. Die Größen-Häufigkeitsverteilungen der heterodonten Muschel Astarte crenata und 
der protobranchen Muschel Yoldiella fraterna. — A, C: Probenstation 124; B, D: Probensta­
tion 98. — Die Histogramme zeigen eine typische logarithmische Verteilung, die eine hohe 
Sterberate der Juvenilformen und das Fehlen von Transport anzeigt. Beide Taxa sind sehr 
kleinwüchsig mit bis zu 50% der Individuen im Größenbereich des Mesobenthos (< 2 m m ).

are  fe rtile  M icroglom a -yongei an d  M. turnerae, b o th  sm a lle r th a n  1.1 m m  (S a n d e r s  
&  A l l e n  1 9 7 7 ). T hese  bivalves p ro d u c e  o n ly  o n e  o r  tw o  eggs at a tim e , co m p ared  
to  1 0 0 ,0 0 0  o r even m illio n s  o f  eggs o f sha llow  w ater oysters ( A n d r e w s  1 9 7 9 ). 
Seasonal sca rc ity  o f  food  due to  s tro n g  seasonal v a ria tio n  in  flux  fro m  surface w aters 
in  th e  h ig h  la ti tu d e  N o rw eg ian  Sea (e.g. L i m p i t t  1 9 8 5 ; H o n j o  e t al. 1 9 8 8 ; G r a f



160

1989), th e  lo w  w ater tem p era tu res  (ap p ro x im ate ly  0° C ), an d  h ig h  hydrosta tic  
p re ssu re  red u ce  su b s tan tia lly  th e  m e ta b o lic  rates, e n zy m a tic  activ ities and 
e n zy m a tic  re ac tio n  velocities ( G e o r g e s  1979; S o m e r o  e t al. 1983). T h e  resu ltin g  
v e ry  low  g ro w th  ra tes (e.g. G r a s s l e  &  S a n d e r s  1973) cause m ic ro m o rp h y  o r 
m in ia tu r isa tio n  o f  th e  deep sea taxa. G ro w th  b an d s are n u m ero u s  (Figs. 7 -9 ), even 
in  very  sm all specim ens. T u rek ian  e t al. (1975) re p o rte d  an  8.4 m m  long  p ro ­
to b ra n c h  bivalve (T in a ria  ca llistifo rm is)  w h ic h  was a b o u t 100 years o ld . G onads 
ap p ea red  at a len g th  o f 4 m m  an d  an age o f  50 to  60 years. G ig an tism , as has been 
re p o rte d  fro m  isopods, p an to p o d s  and po ly ch aetes  o f  deep sea and  very  co ld  an ta rc ­
tic  deep sh e lf e n v iro n m en ts  (e.g. W o l f f  1962; W ä g e l e  &  S c h m i n k e  1986) has no t 
b een  found .

Density, Diversity and Com position of M acrobenthos versus 
M eiobenthos.

In  n e r itic  e n v iro n m en ts  m olluscs an d  fo ram in ife ra  b e lo n g  to  sep ara ted  size 
classes: m a c ro b en th o s  (larger th a n  2 m m ) a n d  m eio b e n th o s  (0.2 to  2 m m ; e.g. M a r e  
1942; S c h a e f e r  &  T i s c h l e r  1983). In  th e  p re sen t s tu d y  th e  gen era lly  tin y  
m o llu scan -d o m in ated  m ac ro b en th o s (up  to  a lm o st 50%  o f sp ec im en s a re  sm aller 
th a n  2 m m ; F ig . 2) overlaps re m a rk ab ly  w ith  th e  m e io b e n th ic  size class. O n  the 
o th e r  h a n d , m an y  fo ram in ife ra  reach m o re  th a n  2 m m  in  size. Som e calcareous 
tax a , such  as Pyrgo m u rrh in a  (F ig. 3) are  u p  to  5 m m  in  d iam eter. T h e  arenaceous 
R h a b d a m in a  abyssorum  reaches even m o re  th a n  tw o  cm  in  len g th . T h e  great 
overlap  in  size m ay  e n h an ce  c o m p e titio n  b e tw een  fo ram in ife ra  an d  m ollusca  o r

>
Fig. 3. D om inant taxa of foraminifera > 0 .5  mm . — A. Reophax nodulosum; side view, X  

27. Sampling station 108. — B. Cribrostomoides subglobosum; oblique side view, X  27. — 
Sampling station 108. — C. Pyrgo murrhina; side view, X  22. Sampling station 108. — D. 
Triloculina frigida; side view, X  50. Sampling station 108. — E. Dentalina cuvieri; side view, 
X  20. Sampling station 108. — F. Rupertina stabilis; shells always attached to dropstones; 
side views, with aperture (Fi) and opposite side (F2), X  16. Sampling station 98. — G. 
Cibicides refulgensis; shells always attached to dropstones; slightly oblique side view (G 1), 
convex umbilical side (G 2), and attached spiral side (G 3), X  23. Sampling station 98. — H. 
Cibicidoides wuellersdorfii umbilical side (H i), X  30, and spiral side (H 2), X  25. Sampling 
station 108.

Abb. 3. Häufige Foraminiferen-Taxa > 0 .5  mm. — A. Reophax nodulosum; Seitenansicht, X  

27. Probenstation 108. — B. Cribrostomoides subglobosum; Ansicht schräg von der Seite, X 

27. Probenstation 108. — C. Pyrgo murrhina; Seitenansicht, X  22. Probenstation 108. — D. 
Triloculina frigida; Seitenansicht, X  50. Probenstation 108. — E. Dentalina cuvieri; Seitenan­
sicht, X  20. Probenstation 108. — F. Rupertina stabilis; Gehäuse auf Dropstones 
festgewachsen; Seitenansicht, mit A pertur (Fi) und gegenüberliegende Seite (F2), X  16. Pro­
benstation 98. — G. Cibicides refulgensis; Gehäuse auf Dropstones festgewachsen; Ansicht 
leicht schräg von der Seite (Gi), convexe Umbilicalseite (G2), and festgeheftete Spiralseite 
(G 3), X  23. Probenstation 98. — H. Cibicidoides wuellersdorfii Umbilicalseite (Hi), X  30, 
und Spiralseite (H 2), X  25. Probenstation 108.
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m eio- and m ac ro b en th o s  respectively , w h ic h  do n o t exist, o r  o n ly  at th e  earliest 
juven ile  stages, in  n e ritic  e n v iro n m en ts . T h is  is p o ss ib ly  o n e  reaso n  fo r th e  decreas­
ing  d en sity  an d  d iv ers ity  o f  sh e lly  m ac ro b en th o s  w ith  increas in g  w ater d e p th . In  
th e  last 20 years th e  lim its  o f  m acro- an d  m e io b e n th ic  size categories p rogressively  
becam e sm alle r (a t p re sen t: m e io b e n th o s  > 0 .0 6  m m , m a c ro b en th o s  > 0 .1 2  m m ; e.g. 
R o w e  1983) p ro b a b ly  tak in g  in to  c o n s id e ra tio n  th e  g reat overlap  be tw een  m ollusca  
an d  o th e r  so ft b o d ied  m etazoans a n d  fo ram in ife ra . U n fo r tu n a te ly  th e  p rogressive 
re d u c tio n  o f size classes has caused c o n fu sio n . P re se n tly  n o  u n ifo rm  stan d ard  for
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deep sea b en th o s exists and  th e  lim its  be tw een  sh a llo w  and  deep m arin e  b en th o s  
differ rem ark ab ly . D esp ite  th e  te rm in o lo g ica l co n fu s io n  it is ap p ro p ria te  to  co n ­
sid e r m olluscan  m a c ro b en th o s  an d  fo ram in ife ra l m e io b e n th o s  to g e th e r, a lth o u g h  
in  th e  case o f th e  la tte r  it is d o n e  he re  o n ly  in a genera l way.

A lo n g  a tran sec t f ro m  th e  sh e lf /s lo p e  b re a k  o ff  N o rw a y  to  Jan  M ayen  (Fig. 1) 
th e  density , d iv ers ity  an d  gen era l fau n al co m p o s itio n  o f  th e  m olluscan  do m in a ted  
m ac ro b en th o s  and  th e  fo ram in ife ra l m e io b e n th o s  (lis t o f  taxa  see a p p en d ix  1; m ost 
co m m o n  taxa see Fig. 3) has b een  exam ined  (Fig. 4).

T h e  to ta l fau n al d e n s i t y  (Fig. 4 ) varies fro m  1 0 0 0  to  1 5 0 0 0  specim ens, (larger 
0 .5  m m / 15  kg sed im en t), and  in  general increases w ith  w ater d ep th . S am pling  sta ­
tio n s  shallow er th an  1 0 0 0  m  (slope) co n ta in  betw een  1 0 0 0  an d  2 0 0 0  specim ens. At 
d eep er s ta tio n s  th e  fau n al d e n s ity  reaches u p  to  10 tim e s  th a t  value. T h e  reason  
fo r th is  re m a rk ab le  in crease  is p ro b a b ly  n o t due to  a h ig h er ra te  o f p ro d u c tiv ity  
b u t a low er rate  o f  se d im e n ta tio n . In p u t o f land-derived  d e tr itic  m ateria l d im in ishes 
to  th e  d eeper and  m o re  o ffsh o re  p a rts  o f  th e  N o rw eg ian  Sea.

T h e  d i v e r s i t y  (expressed  by n u m b e rs  o f  taxa ; F ig . 4 ) is, co m p ared  w ith  o th e r 
deep sea en v iro n m en ts , re la tiv e ly  h ig h . Its  values decrease w ith  d e p th , b u t this 
general t r e n d  show s v a rio u s m o d ifica tio n s . S ligh tly  b e lo w  th e  sh e lf /s lo p e  b reak  at 
5 8 0  m  3 8  taxa  w ere  fo u n d , o u t o f  these  2 9  m ac ro b en th o s  taxa  (Fig. 4 ) .  T hese  values 
re m a in  c o n stan t a t th e  nex t sam p lin g  s ta tio n  at 6 5 2  m . G o in g  d o w n slo p e  o ff  N o r ­
way, how ever, d iv ers ity  values decrease rap id ly . O n ly  17  taxa, o u t o f  these 12 
b elo n g in g  to  th e  m ac ro b en th o s , a re  p re se n t n ear 1 0 0 0  m  d ep th . S ta tio n  101 is 
s itu a ted  at th e  fo o t o f th e  c o n tin e n ta l  slope, w h e re  shelf-derived su sp en d ed  m atter 
and  g rav ita tio n a lly  t ra n s p o r te d  sed im en ts  (e.g. tu rb id i ty  c u rre n ts)  a re  trap p ed . 
T h u s  very  p re su m ab ly  h a rsh  en v iro n m en ta l exists. O n  th e  V oring  P la teau  itself, 
be tw een  1 0 0 0  and  15 0 0  m  d e p th  (sam p lin g  s ta tio n s  10 3  and  1 2 3 ), d iv ers ity  values 
again increase  to  2 1 - 2 2  tax a , w ith  1 5 - 1 6  belo n g in g  to  th e  m ac ro b en th o s . T he 
h ig h er values here, c o m p a red  to  th o se  at s ta tio n  101 (n ear 1000 m ) are p re su m ab ly  
re la ted  to  th e  m o re  stab le  c o n d itio n s  o f  th e  physical e n v iro n m en t. G o in g  
d o w n slo p e  from  th e  p la teau , th e  slope is even steeper th a n  th e  she lf slope an d  the 
n u m b e r o f  taxa  again decreases. S ta tio n s 118 an d  10 4  show  d iv ers ity  values o f 17 
an d  2 0  taxa  respectively , 12  o f  th e m  m ac ro b en th o s. A t s ta tio n  115 , w h ich  is situated  
a t th e  fo o t o f  th e  p la teau  slope , m in im u m  values are d o cu m en ted  (1 4  tax a , o u t of 
these  8 m ac ro b en th ic  ones). G ra v ita tio n a lly  fo rced  se d im e n ta ry  processes (e.g. tu r ­
b id ity  c u rre n ts)  p re su m a b ly  again fo rm  harsh  and  in h o sp itab le  en v iro n m en ts  par­
tic u la rly  fo r th e  sh e lly  m ac ro b en th o s . T h e  d iv ers ity  values at s ta tio n  112 (1 6  taxa, 
o u t o f  these 9 m ac ro b en th o s) s itu a te d  n e a r to  th e  Jan  M ayen F ra c tu re  Z o n e  and 
s ta tio n  10 9  in th e  N o rw eg ian  B asin (2 0  taxa, o u t o f  these  12 m acro b en th o s) are 
s till low. S ta tio n  108 is s itu a ted  h a lf w ay up  slope to  th e  Jan  M ayen R idge on  a 
ro u n d ed  h illto p  and  show s a s ig n ifican tly  h ig h er d iv ers ity  (2 7  taxa, o u t  o f these 
18 m acro b en th o s). D esp ite  th e  m u c h  g rea ter d e p th , th is  value is even s lig h tly  h igher 
th a n  th a t o f th e  V oring  P lateau .

I t  sh o u ld  be  a lso  m e n tio n e d , th a t  d en sity  and  d iv ers ity  o f  b u rro w in g  
“ w o rm lik e ”  o rgan ism s (po lychaetes, s ip u n cu lid s  and  en te ro p n eu sts) in  p a r t  differ 
re m a rk a b ly  from  th a t  o f  th e  sh e lly  m a c ro b en th o s  given ( R o m e r o -W e t z e l  1 9 8 9 ), 
w h ich  m o st lik e ly  refers to  th e  g reat d ifferences in  life and  feeding hab its.

T h e  c o m p o s i t i o n  o f  m acro- versus m eio b e n th o s  also show  a d is tin c t p a tte rn , 
w ith  a re m a rk ab le  decrease o f  m a c ro b en th o s  w ith  d e p th . A t 5 8 0  m  a lm ost 3 0 %  of
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Fig. 4. Traverse from the Norwegian Schelf to Jan Mayen, showing the variation in faunal 
density (given as num ber of specimens > 0 .5  mm per 15 kg sediment), in diversity (numbers 
of taxa) and in composition of shelly benthic fauna ( > 0 .5 mm).

Abb. 4. Traverse vom Norwegischen Schelf nach Jan Mayen und die Änderungen in der 
Faunendichte (Individuenanzahl > 0 .5  mm per 15 kg Sediment), in der Diversität (Anzahl der 
Taxa) und in der Zusammensetzung des hartteiltragenden M akrobenthos (> 0 .5  mm).

th e  in d iv id u a ls  b e lo n g  to  th e  m ac ro b en th o s , w ith  bivalves d o m in a tin g  (a b o u t 20% ). 
T h e  p e rcen tag e  o f  m a c ro b en th o s  decreases ra p id ly  w ith  d e p th . A t 1000 m  o n ly  14% 
o f  in d iv id u a ls  b e lo n g  to  th e  m ac ro b en th o s . O n  th e  V oring  P la teau  m ac ro b en th o s  
is o n ly  8 to  10% . In  basinal areas (V oring P la teau  slope, N o rw eg ian  B asin , Jan  
M ayen  F ra c tu re  Z o n e  and  th e  slo p e  o f  th e  Jan  M ayen  R idge) m a c ro b en th o s  does 
n o t  re ac h  m o re  th a n  3% . T h is  d rastic  decrease does n o t  o n ly  re fle c t a re d u c tio n  
o f  m ac ro b e n th o s  in  te rm s o f  ab so lu te  n u m b ers , b u t also an  increase  (up  to  th e  fac­
to r  10) o f  m e io b e n th ic  fo ram in ife ra . T h e  reaso n  w h y  m e io b e n th ic  fo ram in ife ra  are 
th a t  m o re  successfu l in  deep sea e n v iro n m en ts  th a n  m a c ro b en th ic  m olluscs is n o t 
u n d e rs to o d . P ro b a b ly  th e  m u c h  sim p le r m o rp h o lo g y  an d  m etab o lic  pa th w ay s o f 
p ro to z o a n  fo ram in ife ra  are  less affected by stress facto rs su ch  as lo w  te m p e ra tu re
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an d  h ig h  hyd ro sta tic  p ressu re  th a n  m olluscs w ith  th e ir  h ig h ly  com plex  m o r­
p h o lo g y  and  m etab o lism . T h e  c o m p o s itio n  o f m e io b e n th o s  a lso  u n d erlies  signifi­
can t changes. A t 5 8 0  m  calcareous fo ram in ife ra  do m in a te  w ith  8 0 % .  A lread y  at 
6 5 0  m  aren aceo u s fo rm s re p re se n t 9 0 % . T h is  re la tio n sh ip  re m a in s  stab le  on  th e  
V oring  P la teau . H a lf  do w n slo p e  to  th e  N o rw e g ia n  Basin a ren aceo u s and  calcareous 
fo ram in ife ra  are  of equal abundance. In  th e  N o rw eg ian  B asin w ith  w a ter d ep th  
be low  2 0 0 0  m  calcareous fo ram in ife ra  again  d o m in a te  w ith  a b o u t 8 0 % . A p a rt from  
th e  shallow est sam pling  s ta tio n , w h ere  R u p e r tin a  s ta b ilis  do m in a tes , a form  
e x h ib itin g  specia l ad ap ta tio n s  (e.g. L u t z e  &  A l t e n b a c h  1 9 8 8 ), dom inates , th e  
d is tr ib u tio n  o f fo ram in ife ra  seem s to  be d e p th  re la ted .

D epth  Range of M acrobenthic Taxa.

A p a rt fro m  density , d iv ers ity  and  c o m p o s itio n  o f th e  to ta l fauna, a lso  th e  d ep th  
ran g e  o f 3 6  m a c ro b en th ic  taxa  have been  s tu d ied  (Fig. 5). W ith in  th e  d e p th  range 
s tu d ied  (5 8 0  m  — 3 2 2 2  m ), o n ly  one tax o n , H ya lopecten  fr ig i tu s  seem s to  have its 
u p p e r  l im it  o f range (cf. M e n z i e s  &  G e o r g e  1 9 7 2 ; B o u c h e t  &  W a r é n  1 9 7 9 ; 
a lth o u g h  th ey  give so m ew h a t d ifferen t ranges). F o r  m o st tax a  o b v io u sly  th e ir  u p p e r 
ran g e  lim its , a re  shallow er th a n  5 8 0  m  a n d  th e re fo re  a re  n o t reached . T h is  is also 
su p p o rte d  by  lite ra tu re  data (e.g. C l a r k e  1 9 7 4 ; H o i s æ t e r  1 9 8 6 ; T h o m s e n  &  
V o r e n  1 9 8 6 ). In  c o n tra s t, th e  low er range lim it is w ell defin ed  fo r m o st taxa  (Fig. 
5 ), a lth o u g h  fo r ra re  taxa  th is  m ay n o t be s ig n ifican t. It m ay  also be th a t  th e  taxa 
have so m ew h a t d iffe ren t ranges in  o th e r  areas (e.g. C l a r k e  1 9 6 2 ; K n u d s e n  19 7 0 , 
1 9 7 9 ; B o u c h e t  &  W a r é n  1 9 7 9 ), w h ich  p ro b a b ly  re flects d iffe ren t o ceanograph ic  
s itu a tio n s  (e.g. w ith  regard  to  tem p e ra tu re s  an d  c u rre n t  regim e).

T h e  d e p th  range o f m ac ro b en th ic  taxa  in  ba thyal and  abyssal d e p th  is c o n tro lled  
b y  various physical facto rs. A p a rt fro m  oxygen  an d  n u tr ie n t  supply , th e  h ydrosta tic  
p re ssu re  (one  a tm . in crease  fo r every  10 m  d ep th ), and  th e  w a ter tem p era tu re , 
w h ic h  decreases d rastica lly  to  values n ear 0 °  C  a t abyssal d e p th  are  m o st im p o rta n t. 
M a d s e n  (1 9 6 1 )  p o s tu la ted  h ydrosta tic  p re ssu re  as th e  d o m in a n t facto r. Subse­
q u e n tly  th e  s tro n g  in flu en ce  o f te m p e ra tu re  was reco g n ized  (e.g. D a h l  1 9 7 2 ; 
M e n z i e s  &  G e o r g e  1 9 7 2 ; C l a r k e  1 9 7 4 ; K n u d s e n  1 9 7 9 ) ,  and  su p p o rte d  by  the 
re m a rk a b le  s im ila r ity  o f sha llow  w ater m ac ro b en th o s  o f th e  A rc tic  an d  deep  w ater 
m a c ro b en th o s  o f  th e  N o rw eg ian  Sea. K n u d s e n  (1 9 7 9 )  even defined  th e  bathyal 
zo n e  in  te rm s o f  d e p th  as ra n g in g  fro m  4 0 0  to  2 0 0 0  m , an d  in  te rm s o f  te m p e ra tu re  
as ran g in g  fro m  10 °  to  4 °  C , and  th e  abyssal zone  as ra n g in g  fro m  2 0 0 0  to 
6 0 0 0 / 7 0 0 0  m  w ith  tem p e ra tu re s  below  4° C . O b v io u sly  so m e  taxa  are ra th e r  sen­
sitive  to  te m p e ra tu re  changes (s ten o th e rm a l) , w h ile  o th e rs  are to le ra n t (eu ry th e r- 
m al). In  th e  sam e way, som e taxa  a re  sensitive  to , and  o th e rs  to le ra n t to  changes 
in  h y d ro sta tic  p ressu re  (s ten o b ath ic  versus eu ry b a th ic ) . N o rm a lly  b o th  variables 
change  w ith  d e p th  an d  it is d ifficu lt to  decide w h ic h  fac to r is th e  o v e rrid in g  one. 
In  th e  N o rw e g ia n  Sea th e  surface w ater te m p e ra tu re  changes fro m  W  to  E  from  
4 °  to  1 0 °  C . T h e  te m p e ra tu re  o f th e  in te rm ed ia te  w ater b o d y  ( 2 0 0  to  4 0 0  m  depth) 
ranges fro m  0 °  to  6° C . F ro m  4 0 0  m  to  th e  deep sea f lo o r th e  te m p e ra tu re  in  th e  
N o rw eg ian  B asin is ra th e r  u n ifo rm  and  varies fro m  - 0 . 5 °  to  - 0 . 9 °  C  ( D i e t r i c h  
1 9 7 5 ; Sw i f t  1 9 8 6 ;  S e g s c h n e i d e r  in: G e r l a c h  et al. 1 9 8 6 ; P e in e r t  e t al. 1 9 8 7 ).
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depth range of the m acrobenthic taxa

580 967 1426 2250 2296 3222m
652 1157 1895 2283 2808m

Hyalopecten frigidus 
Bathyarca glacialis 
Buccinum  sp. 
Hyalopecten cf. graui 
Dacrydium ockelmanni 
Kelliella miliaris 
Parvicardium minimum  
Policordia jeffreysi 
Terebratula sp.
Thyasira sp.
Katadesmia cf. colthoff i 
Sertella septentrionalis 
Limopsis aurita 
Hornera sp.
Cuspidaria lamellosa 
Dentalium sp. 
"Echinocardium" sp. 
Astarte crenata 
Amauropsis sp. 
Leptochiton sp. 
Cyclopecten imbrifer 
Hiatella arctica 
Limatula louiseae 
Heteranomia sp.
Yoldiella fraterna 
Crisia sp.
Cylichna cf. alba 
Yoldiella sp.
Crisiella cf. producta 
Bentharca sp.
Entalina quinquangularis 
Epitonium  sp. 
Pleurotomella sp. 
Poromya granulata 
Cyllchnum  cf. africanum  
Oenopotia sp.

Fig. 5. Bathymetric distribution of the shelly macrobenthos of the Norwegian Sea. — W ithin 
the depth range of the  study the various taxa show no upper limits, but well defined lower 
depth limits. Percentage of eurybathic taxa, ranging from 580 to 3222 m, is rem arkably high.

Abb. 5. Tiefenverteilung des hartteiltragenden Makrobenthos im Europäischen Nordmeer. — 
Innerhalb des untersuchten Tiefenbereiches existiert keine Minimumtiefe, wohl aber eine 
maximal Tiefe für die verschiedenen Taxa. D er Anteil an eurybathen Taxa ist sehr hoch.
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O b v io u sly  all sam ples in  th is  s tu d y  have been  tak en  fro m  an iso th e rm  e n v iro n ­
m en t. T h e  d e p th  range o f th e  tax a  th e re fo re  sh o u ld  be c o n tro lle d  by th e  hyd ro sta tic  
pressure . T h e  m a jo rity  o f  th e  taxa  he re  seem  to  reach  th e ir  m ax im u m  to le ran ce  
o f h ydrosta tic  p ressu re , an d  th u s  th e ir  m ax im u m  d e p th  o f occu rren ce . H ow ever, 
o u t o f 36 taxa  o f  m a c ro b en th o s  10 are to le ra n t to  p ressu re  changes b e tw een  58 and 
322 a tm ., re p re se n tin g  a d e p th  ran g e  from  580 to  3222 m . T h is  p ro p o r t io n  is 
re m a rk ab ly  h igh  co m p ared  to  re su lts  o f  M e n z i e s  &  G e o r g e s  (1972), acco rd ing  to  
w h o m  e u ry b a th ic  taxa  c o n s titu te  o n ly  a sm all pe rcen tag e  (n o rm a lly  less th a n  1%) 
o f th e  deep sea fauna. T h is  is even m o re  su rp ris in g  w h e n  co n sid erin g , th a t  th e  g reat 
m a jo rity  o f  deep sea bivalves have lec ito tro p h ic  larvae o r  d irec t d ev e lo p m en t and 
th u s  lack  a p lan k to n ic  d ispersal stage ( K n u d s e n  1970, 1979; S c h e l t e m a  1972; 
A l l e n  &  S a n d e r s  1973; B o u c h e t  &  W a r é n  1979; L i g h t f o o d  et al. 1979). 
N o n e th e less  p la n k to n ic  larval d ev e lo p m en t a lso  exists, m a in ly  am ong  gastropods, 
b u t also in  bivalves ( K n u d s e n  1970, 1979; B o u c h e t  &  W a r é n  1979; L i g h t f o o d  
e t al. 1979; A l l e n  1983). V eliger larvae o f deep sea bivalves and  gastro p o d s have 
been  reco rd ed  fro m  th e  surface  w aters o f th e  oceans ( B o u c h e t  &  W a r é n  1979; 
L u t z  et al. 1980; A l l e n  1983), and  a lso  in  several h u n d re d s  to  even 2000 m  d e p th  
(e.g. S c h e l t e m a  1972; T h i e d e  1974), a lth o u g h  i t  is s till to d ay  largely  u n k n o w n , 
ho w  larvae m ove so m e th o u sa n d  m eters upw ards and  s in k  d o w n  again. S c h e l t e m a  
(1972) assum es th a t  deep  sea c u rre n ts  m ay help  to  d is tr ib u te  le c ito tro p h ic  larvae 
h o riz o n ta lly  an d  perh ap s a lso  v e rtica lly  d u rin g  th e ir  sh o r t  (lasting  som e h o u rs  to  
at m ost a few days) non -feed in g  pelagic stage. K n u d s e n  (1970, 1979) re p o rts  o f  so- 
called  “ guest species” w h ic h  n o rm a lly  are re s tr ic te d  to  abyssal d e p th , b u t m ay 
occu r loca lly  also in  sh a llo w er w ater. T h is  “ a b n o rm a l”  vertical d is tr ib u tio n  is in 
h is o p in io n  due to  upw elling . T h e  inverse process p ro b a b ly  p ro d u ces sha llow  w ater 
guest species in  bathyal an d  abyssal areas o f th e  N o rw eg ian  Sea. T h e  b o tto m  w ater 
o f  th e  N o rw eg ian  Sea derives fro m  very  co ld  (-0 .5 °  C ) and  th u s  v ery  dense sur­
face w ater o f  th e  G re en la n d  Sea (e.g. D i e d r i c h  1975; S w i f t  1986). T h e  h ig h  den sity  
causes a tu rn o v e r  of th e  w ater m asses w ith in  th e  w ater c o lu m n  and  m ay b r in g  larvae 
o f  shallow  w ater guest species d o w n  to  deep sea e n v iro n m en ts . U n fo rtu n a te ly , th e  
ty p e  o f larval d ev elo p m en t fo r  m o st o f th e  tax a  o c cu rrin g  th e re  is n o t ye t k n o w n . 
It is th e re fo re  s till sp ecu la tiv e  to  lin k  th e  b road  d e p th  range o f th e  e u ry b a th ic  taxa 
to  p la n k to tro p h ic  larval d e v e lo p m en t, w h ich  w o u ld  th o se  larvae allow  to  disperse 
over w ide  h o r iz o n ta l and  v e rtica l areas.

B enthic Faunal Analysis.

M ost ecological an d  p a laeoeco log ica l s tu d ies a re  co n ce rn ed  w ith  single taxa  and 
in d iv id u a ls  (au teco logy). T h e  c o n tra s tin g  a p p ro ach  focuses o n  describ ing  and  in te r­
p re tin g  organ ism s in  c o n tex t w ith  o th e r  coex isting  o rganism s. T hese  syneco log ical 
stud ies have becom e an  in teg ra l p a r t  o f b io lo g y  since th e  en d  o f th e  last c en tu ry  
(e.g M ö b i u s  1877). U n fo rtu n a te ly , th e  c o m p reh en s iv e  s tu d y  o f th e  to ta l b io tic  co m ­
p o n e n t o f  an  ecosystem , th e  b io coenosis, is in  genera l to o  expensive. T h ere fo re , 
th e  analysis o f  o n ly  p a r t  o f  th e  tax o n o m ic  g roups, fo r exam ple o f th o se  belong ing  
to  th e  sam e size classes, is m o re  p rac tica l. N e w e l l  e t al. (1959) n am ed  these  p a rtia l 
re p re se n ta tio n s  o f th e  b io co en o sis  o rgan ism  co m m u n itie s . A p a rt from  th e  m uch  
easier h an d lin g  and  re tr iev a l o f th e  da ta , th is  co n ce p t p e rm its  th e  c o m p a riso n  of
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eco log ical an d  pa laeoeco log ical studies, p ro v id ed , b o th  use th e  p reservab le  p a r t of 
a b io co en o sis , such  as in  o u r  case th e  shelly  m a c ro b en th o s . N ev erth e less , th e re  are 
re m a rk ab le  d ifferences be tw een  data sets o f l iv in g  and fossil taxa. T h e  la tte r  u n d e r­
w e n t a d d itio n a l in fo rm a tio n  loss by various ta p h o n o m ic  processes (e.g. tra n sp o r t,  
d iag en etic  so lu tio n , tim e-averag ing ; L a w r e n c e  1968; S t a n t o n  1976; F ü r s i c h  1978; 
F ü r s i c h  &  A b e r h a n  1990). T h is sh o u ld  be re fe r re d  to  te rm in o lo g ica lly  by dif­
fe re n tia tin g  be tw een  th e  liv in g  c o m m u n ity  in  eco lo g y  an d  th e  dead asso c ia tio n  in 
p a la eo eco lo g y  (e.g. F ü r s i c h  1984; O s c h m a n n  1988).

Taphonomy.

In  th e  p re se n t s tu d y  tap h o n o m ic  biases are in  genera l o f m in o r  im p o rtan ce . 
B io s tra tin o m ic  d is to r tio n  by  tra n s p o r t  and  fa u n a l m ix ing  can be excluded as has 
a lread y  been  d e m o n s tra ted  above. T h e  age of th e  shell m ateria l reaches fro m  p re ­
sen t-day  to  several th o u sa n d  years. H ow ever, it d o es n o t go b ey o n d  th e  last déglacia­
t io n  p e r io d  (a p p ro x im ate ly  9,500 years BP; J a n s e n  &  V e u m  1990), w h ic h  is 
in d ica ted  by  a d a rk  layer o f  sed im en t and an  in creased  a m o u n t o f sand and  p e b b le ­
sized d ro p sto n es. T h e  percen tage  o f carb o n a te  h a rd p a rts  in  th is  h o r iz o n  is gen era lly  
very  low , due to  red u ced  ca rb o n a te  p ro d u c tio n  by  organ ism s a n d /o r  in creased  car­
b o n a te  d isso lu tio n . D iag en e tic  so lu tio n  sta rts  a lre ad y  in  th e  R ecen t to  su b re ce n t 
to p m o s t layer o f sed im en t. T races o f chem ical c o rro s io n  are a lread y  v isib le  on 
sp ec im en s ly in g  o n  sed im en t surface, p ro b a b ly  d u e  to  th e  m u ch  h ig h er a m o u n t 
o f  C O 2 in  th e  b o tto m  w ater co m p ared  to  sh e lf  e n v iro n m en ts . T h e  p resen ce  of 
a rag o n itic  taxa  w h ic h  gen era lly  d o m inate , as w ell as o f  calcitic  tax a  ind ica te , th a t 
d iag en etic  d is to r tio n  has n o t  (jet) tak en  place. T im e-averag ing , as fa r as it  re su lts  
fro m  th e  analysis o f  b u lk  sam ples, is indeed  a c o n ce p tu a l l im ita tio n , and  in  general, 
an  in h e re n t  p ro b le m  o f  pa laeo n to lo g ica l studies. F o r tu n a te ly  en v iro n m en ta l c o n d i­
t io n s  d id  n o t  a lte r m u c h  in  th e  last few th o u san d  years since th e  latest deg lacia tio n  
p e rio d . T h e re fo re , m a jo r changes in  th e  fau n al c o m p o s itio n , w h ich  afte r tim e- 
averag ing  w o u ld  re su lt in  m ajo r m is in te rp re ta tio n s , can  be excluded.

Procedure.

T h e  c h arac te ris tic  a ttr ib u te  o f c o m m u n itie s  an d  assoc ia tions is th e ir  recu rren ce  
in  space an d  tim e  ( P e t e r s e n  1924; co n cep tu a l l im ita tio n s  see O s c h m a n n  1988). 
Id e n tif ic a tio n  o f  re cu rre n ce  needs s ta tistica l ap p ro ach . In  th is  s tu d y  20 box core  
sam ples fro m  11 s ta tio n s  have been  available. O u t  o f  th ese  15 had  been  ric h  en o u g h  
(in  n u m b e r  o f  tax a  a n d  n u m b e r  o f specim ens) to  ap p ly  co m p u te r-a id ed  so rtin g . A  
Q -m o d e  c lu s te r analysis, th e  h iera rch ica l ag g lom era tive  W a r d  m eth o d  fro m  SPSS 
(advanced  s ta tis tic  package) has been  used to  c rea te  a d en d ro g ram  (Fig. 6; fu r th e r  
d e ta ils  re g a rd in g  th e  p ro c e d u re  see O s c h m a n n  1988).

To de fin e  th e  assoc ia tio n s fro m  th e  d e n d ro g ram  (Fig. 6) th e  sam ples w ith in  a 
p a r tic u la r  c lu s te r  w ere  co m b in e d , by  ad d in g  up  a n d  g ro u p in g  all in d iv id u a ls  o f  th e  
p a r tic u la r  species acco rd in g  to  th e ir  re la tiv e  abu n d an ces (A pp. 2). A n  assoc ia tion  
is ch arac te rised  by th e  re la tiv e  ab u n d an ce  and  freq u en cy  percen tag e  o f th e  d iffe ren t 
species an d  by th e  tro p h ic  g ro u p  co m p o s itio n  and  th e  life -hab it s tru c tu re s  ( W a l k e r
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Fig. 6. Dendrogram  of a Q-mode cluster analysis (hierarchical agglomerative W a r d  method 
from SPSS advanced statistics).

Abb. 6. Dendrogram einer Q-Clusteranalyse (hierarchisches a£ 
W a r d  des SPSS Ad\anced Statistics Programms).

lomeratives Verfahren nach

►

Fig. 7. Taxa of the trophic nuclei of the associations (see also Figs. 8-9). — A. Yoldiella 
fraterna; left valve exterior (Aí), right valve interior (A2); X  13. Sampling station 98. — B. 
Yoldiella sp. paired valves; right valve exterior (Bí), left valve interior (B2); X  13. Sampling 
station 98, — C. Katadesmia cf. colthoffi; right valve exterior (Ci) and interior (C2); X  5.5. 
Sampling station 109. — D. Dacrydium ockelmanni; right valve exterior (Di), fragmented 
right valve interior (D2); X  11. Sampling station 98. E. Bathyarca glacialis; right valve 
interior (Ei) and exterior (E2); X  4.5. Sampling station 98. — F. Limopsis aurita; right valve 
interior (Fi) and exterior (F2); X  3.5. Sampling station 98. — G. Cyclopecten imbrifer; left 
valve exterior (G li and interior (G2); X  3.5. Sampling station 98.

Abb. 7. Taxa der trophischen Kerne der Assoziationen (siehe auch Abb. 8 und 9). — A. 
Yoldiella fraterna; linke Klappe von außen (Ai), rechte Klappe von innen (A2); X  13. Pro­
benstation 98. — B. Yoldiella sp.; zweiklappig; rechte Klappe von außen (Bi), linke Klappe 
von innen (B2); X  13. Probenstation 98. — C. Katadesmia cf. colthoffi; rechte Klappe von 
außen (Ci) und von innen (C2); X  5.5. Probenstation 109. — D. Dacrydium ockelmanni; 
rechte Klappe von außen (Di), fragmentierte rechte Klappe von innen (D 2); X  11. Pro­
benstation 98. — E. Bathyarca glacialis; rechte Klappe von innen (Ei) und außen (E2); X

4.5. Probenstation 98. — F. Limopsis aurita; rechte Klappe von innen (Fi) und außen (F2); 
X  3.5. Probenstation 98. — G. Cyclopecten imbrifer; linke Klappe von außen (Gi) und von 
innen (G 2); X  3.5. Probenstation 98.
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1972). D a ta  reg ard in g  au teco lo g y  (A pp . 1) derive  fro m  K n u d s e n  (1967, 1970, 1979), 
A l l e n  &  S a n d e r s  1973), A l l e n  &  M o r g a n  (1979), O l i v e r  &  A l l e n  (1980 a, b), 
S a n d e r s  &  A l l e n  (1973, 1977), A l l e n  (1983), K o h n  (1983), M o r t o n  1983, and
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Fig. 8. Taxa of the trophic nuclei of the associations (continuation of Fig. 7, see also Fig. 
9). — A. Hyalopecten cf. graui; right valve exterior (Aí) and interior (A2); X  3.5. Sampling 
station 98. — B. Heteranomia sp.; left valve bored, exterior (Bí) and interior (B2); X  4. 
Sampling station 98. — C. Astarte crenata; left valve interior with drill hole (Ci), right valve 
exterior (C2); X  3.5. Sampling station 98. — D. Kelliella miliaris; left valve exterior (Di) and
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Fig. 9. Taxa of th e  trophic nuclei of the associations (continuation of Figs. 7-8). — A. Buc­
cinum  sp.; largest specimen found in the Norwegian Sea; X  2. Sampling station 108. — B. 
“Terebratula” sp.; dorsal view (Bí), anterior view (B2) and lateral view (B3); X  3.5. Sampling 
station 124. — C. Hornera sp.; two fragmented colonies; X  7.5. Orifices of the zooids are 
almost exclusively oriented to one side of the colonies (Ci) and probably result from a 
preferentially unidirectional bottom  current. Sampling station 101.

Abb. 9. Taxa der trophischen Kerne der Assoziationen (Fortsetzung von Abb. 7-8). — A. 
Buccinum  sp.; größtes gefundenes Individuum im Europäischen Nordm eer; X  2. Probensta­
tion 108. — B. „Terebratula" sp.; von dorsal (Bi), von vorne (B2) und von lateral (B3); X  3,5. 
Probenstation 124. — C. Hornera sp.; zwei fragmentierte Kolonien; X  17.5. Vermutlich durch 
gerichtete Bodenströmungen bedingt sind die Oroficien der Zooide nahezu alle an einer Seite 
der Kolonie angeordnet (Ci). Probenstation 101.

interior (D2), X  22; sketch of hinge of left valve (D3), X  31. Sampling station 98. — E. Par­
vicardium m in im u m ; right valve exterior (Ei) and interior (E2), X  16; sketch of hinge of 
right valve (E3), X  24. Sampling station 124. — F. Policordia jeffreysi; right valve interior 
(Fi), left valve exterior (F2); X  13. Sampling station 124. — G. Cuspidaria lamellosa; right 
valve exterior (Gi) and left valve interior (G 2); X  16. Sampling station 124.

Abb. 8. Taxa der trophischen Kerne der Assoziationen (Fortsetzung von Abb. 7, siehe auch 
Abb. 9). — A. Hyalopecten cf. graui; rechte Klappe von außen (Ai) und von innen (A2); X

3.5. Probenstation 98. — B. Heteranomia sp.; linke Klappe mit Bohrlöchern, von außen (Bi) 
und von innen (B2); X  4. Probenstation 98. — C. Astarte crenata; linke Klappe von innen 
m it Bohrloch (Ci), rechte Klappe von außen (C2); X  3.5. Probenstation 98. — D. Kelliella 
miliaris; linke Klappe von außen (Di) und von innen (D2), X  22; Schloßskizze der linken 
Klappe (D 3), X  31. Probenstation 98. — E. Parvicardium m inim um ; rechte Klappe von 
außen (Ei) und von innen (E2), X  16; Schloßskizze der rechten Klappe (E3), X  24. Pro­
benstation 124. — F. Policordia jeffreysi; rechte Klappe von innen (Fi), linke Klappe von 
außen (F2); X  13. Probenstation 124. — G. Cuspidaria lamellosa; rechte Klappe von außen 
(Gi) and linke Klappe von innen (G2); X  16. Probenstation 124.
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T h o m s e n  &  V o r r e n  (1986). To o b ta in  a d eq u a te  resu lts  an d  to  be ab le  to  com pare  
t ro p h ic  an d  life-habit s tru c tu re s  o f d iffe ren t a ssoc ia tions it  is p rac tica l to  take  on ly  
th e  m o re  c o m m o n  taxa  (80%  o f  th e  to ta l  n u m b e r  o f spec im ens). T h ey  fo rm  the 
t ro p h ic  n u c leu s  o f  an assoc iation  ( W a l k e r  1972). T axa w h ic h  o c cu r in  th e  tro p h ic  
n u c leu s o f  o n e  o r  m o re  assoc iations are i llu s tra te d  by p h o to g ra p h s  (Figs. 7 -9 )  and 
b y  ske tches (Figs. 10-14).

D escription of Associations.

A sta r te  c rena ta  /H e te r a n o m ia  sp. A sso c ia tio n .

(Fig. 10; App. 2).

T h e  asso c ia tio n  is rep re sen ted  by th re e  sam ples, all fro m  sam p lin g  s ta tio n  98, 
an d  co n sist o f  29 taxa  and  226 sp ec im en s . T h e  d ep o sitio n a l e n v iro n m en t o f this 
a sso c ia tio n  is th e  u p p e r slope n ear th e  sh e lf  slo p e  b reak  in  580 m  d ep th . E leven

trophic grouplife habits:

e ndob tn lhc

Fig. 10. Trophic nucleus of the Astarte crenata/Heteranomia sp. association. — 1. Astarte 
crenata; 2. Yoldiella fraterna; 3. Heteranomia sp.; 4. Hyalopecten cf. graui; 5. Cyclopecten 
imbrifer; 6. „ Terebratula" sp.; 7. Parvicardium m inim um ; 8. Yoldiella sp.; 9. Dacrydium  
ockelmanni; 10. Kelliella miliaris; 11. Bathyarca glacialis.

Abb. 10. Trophischer Kern der Astarte crenata/Heteranomia  sp. Assoziation. — 1. Astarte 
crenata; 2. Yoldiella fraterna; 3. Heteranomia sp.; 4. Hyalopecten cf. graui; 5. Cyclopecten 
imbrifer; 6. „Terebratula" sp.; 7. Parvicardium m inim um ; 8. Yoldiella sp.; 9. Dacrydium  
ockelmanni; 10. Kelliella miliaris; 11. Bathyarca glacialis.
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tax a  a re  w ith in  th e  tro p h ic  n u c leu s: A sta rte  crenata  (21.6% ), Yoldiella  fra te rn a  
(13.7% ), H etera n o m ia  sp. (7 .5% ), H ya lopec ten  cf. graui (6.6% ), Cyclopecten  
im b r i fe r  (5 .7% ), “Terebratula” sp. (4.9% ), P a rv ica rd iu m  m in im u m  (4.4% ), 
Yold iella  sp. (4 .0% ), D a c ry d iu m  o c ke lm a n n i  (3 .5% ), K elliella  m ilia r is  (3.1% ), 
Bathyarca g lacia lis  (2.6% ). A p a rt  f ro m  th e  b ra c h io p o d  “Terebratula” sp., all taxa 
are  bivalves.

In  th e  assoc ia tion  th e  e p ib e n th o s  to  e n d o b e n th o s  ra tio  is 38.7%  to  61.4% . T he 
tro p h ic  g roups are d o m in a ted  by  suspension-feeders (70% ), deposit-feeders are 
re p re se n ted  by 22 .6% . C a rn iv o re s /scav en g e rs  (4 .8% ) an d  b row sers (2.2% ) are  of 
m in o r  im p o rtan ce .

e n d o b e n t h o s

life habits:

I I e p i b e n t h o s

trophic groups:

I I s u s p e n s i o n - f e e d e r s  

H i l l i  d e p o s i t - f e e d e r s  

I I c a r n i v o r e s / s c a v e n g e r s  

, 1  b r o w s e r s

Fig. 11, Trophic nucleus of the Astarte crenata/Yoldiella fraterna  association. — 1. Astarte 
crenata; 2. Yoldiella fraterna; 3. Yoldiella sp.; 4. Cyclopecten imbrifer; 5. Hyalopecten cf. graui; 
6. „ Terebratula“ sp.; 7. Kelliella miliaris.

Abb. 11. Trophischer Kern der Astarte crenata/Yoldiella fraterna  Assoziation. — 1. Astarte 
crenata; 2. Yoldiella fraterna; 3. Yoldiella sp.; 4. Cyclopecten imbrifer; 5. Hyalopecten cf. graui;
6. „ Terebratula“ sp.; 7. Kelliella miliaris.
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Astarte crenata /  Yoldiella fraterna  A sso c ia tio n .

(Fig. 11; App. 2).

Two sam ples, b o th  fro m  sam p lin g  s ta tio n  124, are g ro u p ed  in th is  association  
w h ic h  consists o f 31 taxa  an d  401 specim ens. T h e  sam ples com e fro m  a m id  slope 
e n v iro n m en t a t a d e p th  o f  652 m . Six taxa  fo rm  th e  tro p h ic  nucleus: A sta rte  
crenata, Yoldiella  fra tern a , Yo ld iella  sp., C yclopecten im brifer , H ya lopecten  cf. 
graui, " Terebratula” sp., and  K ellie lla  m ilia r is . A p a rt  fro m  th e  b rach io p o d  
" Terebratula” sp., all sp ec im en s are bivalves.

T h e  p ercen tage  o f  e p ib e n th o s  is 19.3% , th a t  o f  e n d o b e n th o s  79.6 %. S uspen­
sion-feeders are re p re se n ted  by  73.8% , an d  c learly  d o m in a te  th e  deposit-feeders 
(22.4% ), carn ivo res/scavengers (2.3% ), and  b row sers (1% ).

life habits:

I epibenthos 

I endcbenlho-

trophic groups:

I I suspension-feeders 

111 111 deposit-feeders 

I I *  -  r n i .  o r e s ' s c a i ’s n s e r s

Fig. 12. Trophic nucleus of the Katadesmia cf. colthoffi/Dacrydium ockelmanni association.
— 1. Katadesmia cf. colthoffi; 2. Dacrydium ockelmanni; 3. Policordia jeffreysi; 4. Cyclopecten 
imbrifer; 5. Astarte crenata; 6. Hyalopecten cf. graui; 7. Yoldiella fraterna; 8. Bathyarca 
glacialis; 9. Hornera sp.; 10. Heteranomia sp..

Abb. 12. Trophischer Kern der Katadesmia cf. colthoffi /Dacrydium  ockelmanni Assoziation.
— 1. Katadesmia cf. colthoffi; 2. Dacrydium ockelmanni; 3. Policordia jeffreysi; 4. Cyclopecten 
imbrifer; 5. Astarte crenata; 6. Hyalopecten cf. graui; 7. Yoldiella fraterna; 8. Bathyarca 
glacialis; 9. Hornera sp.; 10. Heteranomia sp..
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Katadesmia  cf. colthoffi /  Dacrydium ockelmanni A sso c ia tio n .

(Fig. 12; App. 2).

T h e  asso c ia tio n  consists o f th re e  sam ples f ro m  s ta tio n s  101, 103 an d  123. 21 
tax a  a n d  138 sp ec im ens fro m  e n v iro n m en ts  at th e  fo o t o f  th e  slope (967 m) and 
th e  m id  (1127 m) a n d  o u te r  V oring  P la teau  (1 4 2 6  m) are g ro u p ed  to g eth e r. T h e  
tro p h ic  n u c leu s co n sists  o f  ten  taxa : K a ta d esm ia  cf. co lth o ffi  (24.8% ), D a c ry d iu m  
o c k e lm a n n i  (12 .2% ), Policordia jeffreysi (9 .4 % ), C yclopecten im b rifer , (7.9% ), 
A s ta r te  crenata  (6.3 %), H yalopec ten  cf. g rau i (5 .1% ), Bathyarca g lacia lis  (4.3% ), 
Yold iella  fra te rn a ,  (4.3% ), H ornera  sp. (3 .6% ), a n d  H etera n o m ia  sp. (3.6% ). A p a rt 
fro m  th e  b ry o z o an  H o rn e ra  sp., all taxa are bivalves.

E n d o b e n th o s  (62.4% ) is n ea rly  tw ice  as c o m m o n  as e p ib e n th o s  (37.8% ). T h e  
tro p h ic  c o m p o s itio n  is d o m in a ted  by su sp en sio n -feed ers (63.4% ). D eposit-feeders 
re p re se n t 35 .4% , w h ereas carn iv o res /scav en g e rs  are ra re  (1.4% ).

life habits:

1 I epibenthos 

II111 II endcbenthcs

trophic g ro u p s:

I I suí.pension-reeclers 

II1111 deposit-feeders

I carnivore: scavengers

Fig. 13. Trophic nucleus of the Hyalopecten cf. graui/Limopsis aurita association. — 1. 
Hyalopecten cf. graui; 2. Limopsis aurita; 3. Katadesmia cf. colthoffi; 4. Kelliella miliaris; 
5. Dacrydium ockelmanni; 6. Bathyarca glacialis; 7. Policordia jeffreysi; 8. Cuspidaria 
lamellosa.

Abb. 13. Trophischer Kern der Hyalopecten cf. graui/Limopsis aurita  Assoziation. — 1. 
Hyalopecten cf. graui; 2. Limopsis aurita; 3. Katadesmia cf. colthoffi; 4. Kelliella m iliaris; 
5. Dacrydium ockelmanni; 6. Bathyarca glacialis; 7. Policordia jeffreysi; 8. Cuspidaria 
lamellosa.
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Hyalopecten  cf. graui /  Limopsis aurita  A sso c ia tio n .

(F ig . 13; A p p . 2).

T h e  asso c ia tio n  is rep resen ted  by  fo u r sam ples fro m  th e  s ta tio n s  104, 112, 115 
a n d  118, an d  consists o f  18 taxa and  109 spec im ens. T h e  sam ples com e fro m  the 
V o rin g  P lateau-slope d o w n  to  th e  fo o t o f th e  slope (1893 to  2808 m ) an d  from  a 
se a m o u n t n ear th e  Jan  M ayen F ra c tu re  Z o n e  (2296 m). T h e re  a re  seven taxa, all 
b ivalves, w ith in  th e  tro p h ic  nucleus: H ya lo p ec ten  cf. graui, (19 .3% ), Lim opsis  
a u r ita  (17.4% ), K atadesm ia  cf. c o lth o ffi  (16.5% ), K ellie lla  m ilia r is  (8.3% ), 
D a c ry d iu m  o c ke lm a n n i  (7.3% ), B athyarca  g lacia lis  (5 .5% ), P olicordia jeffreysi 
(4 .6% ), an d  C usp idaria  lam ellosa  (4.6% ).

E p ib e n th o s  is n ea rly  as a b u n d an t (43 .9% ) as e n d o b en th o s  (55.8% ). Suspension- 
feeders a re  rep re sen ted  by  72.3% , deposit-feeders by 17.4% , and  carn iv o res /  
scavengers by  10%.

K a ta d e sm ia  cf. co lth o ffi /  H y a lo p e c te n  cf. g ra u i  A sso c ia tio n .

(F ig . 14; A p p . 2).

T h e  asso c ia tio n  co nsists of th re e  sam ples fro m  s ta tio n s  108 and  109 w h ich  are 
s itu a te d  in  th e  N o rw eg ian  Basin (3222 m ) an d  at th e  slope o f th e  Jan  M ayen Ridge 
(2283). 18 taxa  a n d  92 spec im ens are g ro u p ed  to g e th e r. T h e  t ro p h ic  nuc leus consists 
o f  seven taxa : K a tadesm ia  cf. co lth o ffi  (29 .6% ), H yalopec ten  cf. grau i (15.3% ), 
B athyarca  g lacia lis  (13.2% ), K elliella  m il ia r is  (8 .7% ), B u cc in u m  sp. (6.5% ), Policor­
d ia  je ffreys i (5 .4% ), and  P a rv ica rd iu m  m in im u m  (4.3% ). A ll tax a , except the 
g a s tro p o d  B u cc in u m  sp., are bivalves.

In  th e  asso c ia tio n  th e  ep ib en th o s  to  e n d o b e n th o s  ra tio  is 2 :3 .  T h e  tro p h ic  
g roups are d o m in a ted  by suspension-feeders (60.5% ). D eposit-feeders rep re sen t 
22 .6% , an d  carn ivo res/scavengers 7.7% .

Discussion of Associations.

Bivalves a re  b y  fa r th e  m ost im p o r ta n t  g ro u p  o f th e  sh e lly  m ac ro b en th o s . T his 
is in  ag ree m e n t w ith  o th e r  stud ies o f deep  sea e n v iro n m en ts  (e.g. H e s s l e r  &  
J u m a r s  1 9 7 4 ; G a g e  1 9 7 7 ; G r a s s l e  &  M o r s e - P o r t e o u s  1 9 8 7 ; R o m e r o -W e t z e l  
1 9 8 9 ) ,  w h ich  co n sid ered  b o th  so ft b o d ied  a n d  sh e lly  m ac ro b en th o s  and  discovered  
th a t  bivalves are second  in  ab u n dance  a fte r po lychaetes, o r  at least th e  m ost ab u n ­
d a n t g ro u p  w ith  h a rd p arts . T h e  pe rcen tag e  o f  e p ib e n th o s  is re m a rk a b ly  h igh  and 
ranges f ro m  a lm o st 2 0  to  m o re  th a n  4 0 %  (F ig . 15 ). Slope and  basin  e n v iro n m en ts  
e lsew h ere  co n sist o f  h o m o g en o u s so ft su b s tra te  e n v iro n m en ts , w h ic h  a lm ost 
exclusively  are c o lo n ized  by e n d o b en th o s  (e.g. A l l e n  1 9 8 3 ). N o rw eg ian  Sea slope 
an d  basin  en v iro n m en ts  differ from  low  la ti tu d e  deep sea en v iro n m en ts  by th e  
o c c u rre n c e  o f ice ra fted  m ate ria l, i.e. d ro p sto n es. T hese sand-to-pebble-sized  hard 
su b s tra tes  p ro d u c e  an en v iro n m en ta l h e te ro g en e ity , w h ich  due to  new  n iches results 
in  a d is tin c t increase  o f e p ib e n th o s  (cf. O s c h m a n n  1 9 9 0 ).



177

trophic gro ups:

I 1 v jsp en si m -feeders 

III 111 deposit-te.'ders

I c. '-ni'.Oic' ■ • .enger:

life habits

p.bentho:

endcbenlhc,

Fig. 14. Trophic nucleus of the Katadesmia cf. colthoffi/Hyalopecten cf. graui association.
— 1. Katadesmia cf. colthoffi; 2. Hyalopecten cf. graui; 3. Bathyarca glacialis; 4. Kelliella 
miliaris; 5. Buccinum  sp.; 6. Policordia jeffreysi; 7. Parvicardium minim um .

Abb. 14. Trophischer Kern der Katadesmia cf. colthoffi/Hyalopecten cf. graui Assoziation.
— 1. Katadesmia cf. colthoffi; 2. Hyalopecten cf. graui; 3. Bathyarca glacialis; 4. Kelliella 
miliaris; 5. Buccinum  sp.; 6. Policordia jeffreysi; 7. Parvicardium minim um .

epibenthos II111II endobenthoslife h ab its .

tro p h ic  g ro u p s  : |-------1 cuspension-feeders I I 1111 deposit-feeders [ | carnivores/scavengers ( U  browsers

Fig. 15. D istribution and variation of the life habits and the trophic groups of the associa­
tions.

Abb. 15. Verteilung und Variation der Lebensweise und der trophischen Gruppen in den 
Assoziationen.
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T h e  tro p h ic  s tru c tu re s  (F ig. 15) o f th e  assoc iations d iffer also fro m  o th e r  deep 
sea e n v iro n m en ts . N o rm a lly  deposit-feeders, especia lly  p ro to b ra n c h  bivalves, 
d o m in a te  w ith  70 to 90% . P ro to b ra n c h  bivalves a re  ab le  to  co n v ert sc le rop ro te ins, 
w h ich  are  available th ro u g h o u t th e  year in  and  on  th e  surface o f su b s tra te  to  
m etab o lic  en erg y  (e.g. A l l e n  1978, 1983). T h e re fo re  deposit-feeders sh o u ld  be  less 
s tr ic tly  b o u n d  to  th e  seasonal p la n k to n  flu x  fro m  surface w aters th a n  suspension- 
feeders. N everthe less , suspension -feeders d o m in a te  th ro u g h o u t th e  associations, 
ran g in g  fro m  60 to  70%  (F ig . 15). M ost e p ib e n th ic  bivalves liv in g  a ttach ed  to  
d ro p sto n es are suspension-feeders and  th u s  increase  th e  p ercen tage  o f th is  tro p h ic  
group . Som e taxa  such  as Bathyarca  an d  L im o p sis  show  a p rogressive change  in  life 
h ab it fro m  epibyssate, a tta ch e d  to  firm  su b stra te , to  endobyssa te, p a r tia lly  b u ried  
in  so ft su b s tra te  (e.g. O l i v e r  &  A l l e n  1980 a, b ; A l l e n  1983). A d d itio n a lly , 
suspension-feed ing  h e te ro d o n t card iid  and  v en erid  bivalves o c cu r in  large n u m bers. 
M ost o f th e m  have an  e n d o b e n th ic  m o d e  o f life, b u t so m e  (e.g. K elliella  m ilia r is )  
have been  observed  c raw lin g  a lo n g  th e  sed im en t w a ter in te rface  (e.g. T h o m s e n  &  
V o r e n  1986). H ig h  h y d ro s ta tic  p re ssu re  and  th e  low  tem p e ra tu re s  in  deep sea 
e n v iro n m en ts  are th o u g h t to  be re sp o n sib le  fo r th e  red u ced  m etab o lic  ra tes (e.g. 
G e o r g e s  1979; S o m e r o  et al. 1983; G r a s s l e  &  M o r s e - P o r t e o u s  1987) and  thus 
cause th e  very  low  g ro w th -ra te  an d  th e  sm all size o f  taxa  (see above). T h e  low 
m etab o lic  ra tes p ro b a b ly  en ab le  th e  fau n a  to  e n d u re  p e rio d s  o f s ta rv a tio n  m o re  
easily th a n  sha llow  w ater tax a , n o  m atte r  w h e th e r  th e y  are deposit-feeders or 
suspension-feeders. A n a d d itio n a l adap tive  pa th w ay  is s to rin g  energy  d u rin g  the  
su m m er ab u n d an ce  p e rio d , w h ich  th e n  can  be used  by  catabo lism  d u rin g  w in te r  
s ta rv a tio n  p e r io d  (e.g. B a y n e  1985). T h e  peak  o f p r im a ry  p ro d u c tio n  in  the  
N o rw eg ian  Sea takes p lace w ith in  a few m o n th s  d u rin g  su m m er, b u t  o n  an annual 
scale it is a lm ost as h igh  as in  upw elling  areas ( G r a f ,  In s t i tu t  fü r  M eeresk u n d e  K iel, 
p e rso n al c o m m u n ic a tio n  1990). S uspension-feeders d ire c tly  use th e  p la n k to n  flux 
and  p ro b a b ly  receive w ith in  th e  s h o r t  p e r io d  m o re  food  th a n  th e  deposit-feeders 
d u rin g  th e  w h o le  year. R esu sp en sio n  o f  th e  p h y to d e tr i tu s  o n  th e  sea flo o r, due to 
w eak b o tto m  c u rre n ts , m ay  e lo ngate  th e  p e r io d  d u rin g  w h ich  su sp en d ed  food  is 
available (e.g. L a m p i t  1985). L ike in  o th e r  deep sea en v iro n m en ts  th e  p ro p o r t io n  
o f carn iv o res and  scavengers increases w i th  d e p th , reach in g  up  to  10% , w hereas 
th e  few brow sers occu r o n ly  in  th e  asso c ia tio n  o f  th e  u p p e r  she lf slope.

It has been sh o w n  (see above) th a t  th e  d iv ers ity  o f th e  m ac ro b en th o s , in  term s 
o f n u m b ers  o f taxa, decreases d is tin c tly  w ith  d e p th . E xpressed  by ra re fac tio n  
curves, th e  d iv ers ity  o f  all assoc ia tio n s o f th is  area (Fig. 16; cf. S a n d e r s  1968; 
H e s s l e r  &  J u m a r s  1974) is h ig h , co m p ared  to  o th e r  deepsea ev iro n m en ts . In 
genera l, th e re  is a decrease w ith  d e p th , b u t n o t very  p ro n o u n c ed . T h e  A sso c ia tio n s 
1 and  2 fro m  th e  u p p e r sh e lf  slope sh o w  th e  h ighest values. S ligh tly  red u ced  values 
sign ify  th e  V oring  P la teau  (Ass. 3). A gain  s lig h tly  low er are  th e  values o f  A ssocia­
t io n s  4 an d  5 fro m  th e  P la teau  S lope, th e  Jan  M ayen F ra c tu re  Z one, th e  N o rw eg ian  
B asin and  th e  Jan  M ayen  Ridge.

M o re  s ig n ifican t th a n  th e  re d u c tio n  o f d iv ers ity  w ith  d e p th  is th e  spatial 
d is tr ib u tio n  o f th e  assoc ia tio n s a lo n g  th e  tra n se c t fro m  th e  N o rw eg ian  sh e lf  to  Jan  
M ayen  (Figs. 2 -3 ) . A sso c ia tio n s 1 an d  2 o ccu r o n ly  o n  th e  u p p e r to  m id d le  shelf 
slope. A sso c ia tio n  3 is re s tr ic te d  to  th e  V oring  P lateau . T h e  sam ples fro m  th e  
P la teau  S lope and  th e  Ja n  M ayen  F ra c tu re  Z o n e  b e lo n g  all to  A sso c ia tio n  4, and 
th e  sam ples fro m  th e  N o rw eg ian  B asin and  th e  Ja n  M ayen R idge form  A sso c ia tio n
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Fig. 16. Faunal diversity expresed by rarefaction curves show in general high diversity values 
which decrease only slightly with depth.

Abb. 16 Faunendiversität, ausgedrückt durch Rarefaction-Kurven. Die Diversität ist generell 
hoch und nim m t nur gering mit der Tiefe ab.

5. W ater d e p th  and  spatia l v ic in ity  seem s to  be  equal im p o r ta n t  fo r g ro u p in g  o f 
th e  sam ples in  A sso c ia tio n s 1 to  3. In  th e  case o f A sso c ia tio n s  4 an d  5 spatia l 
v ic in ity  seem s m o re  im p o r ta n t  th e n  th e  w ater d e p th . T h is  la te ra l v a riab ility  m ost 
p ro b a b ly  re flec ts  reg io n a l v a ria tio n s  o f physical facto rs, e.g. te rr ig en o u s  sed im en t 
in p u t,  p la n k to n  flu x  fro m  surface w aters a n d  c u rre n ts . I n p u t  o f te rr ig en o u s  
s e d im e n ta tio n  fro m  th e  large area o f  th e  N o rw e g ia n  Shelf an d  V oring  P la teau  is 
m u c h  h ig h e r  in  co m p ariso n  to  in p u t  from  th e  sm a ll a rea  o f th e  Jan  M ayen  R idge 
an d  Ja n  M ayen  S h e lf and  Is land . Surface w a ter te m p e ra tu re s  decrease fro m  10° C  
o ff  N o rw a y  to  4° C  a t Jan  M ayen  (e.g. D i e t r i c h  e t al 1975; S w i f t  1986), an d  c o n ­
c o m ita n tly  th e  p la n k to n  p ro d u c tiv ity . T h is  re su lts  in  a low er ra te  o f flux  to  th e  
b e n th ic  en v iro n m en ts , w h ich  is fu r th e r  d im in ish e d  by  th e  m u ch  g reater w ater 
d e p th  o f  th e  basinal en v iro n m en ts .

Conclusions.

1. D ead  sh e lly  m a c ro b en th o s  (m ain ly  m olluscs) tak en  as b u lk  sam ples fro m  box 
co res  o ccu rs  th ro u g h o u t  at th e  N o rw eg ian  Sea f lo o r  fro m  580 m  to  3222 m  d ep th .

2. S ize-freq u en cy  d is tr ib u tio n s  o f  so m e  tax a  sh o w  a lo g a rith m ic  re la tio n sh ip  
an d  fav o u r a u to c h th o n y  of th e  fauna. T h e  taxa  a re  very  sm all (50%  < 2  m m ) b u t 
sh o w  a h ig h  n u m b e r  o f  g ro w th  bands and  are th e re fo re  th o u g h t  to  be re la tiv e ly  o ld .

3. F au n a l d e n s ity  and  species d iv ers ity  decrease  re m a rk a b ly  w ith  d e p th . T h e  
m a c ro b e n th o s  (m a in ly  m olluscs) -  m e io b e n th o s  (b e n th ic  fo ram in ife rs) ra tio  sh ifts  
fro m  4 0 /6 0  a t 580 m to  1 0 /9 0  and  even low er a t 1000 m  and  g rea te r d e p th .

4. U n ifo rm  tem p e ra tu re s  (-0 .5 °  to  -0 .9 °  C ) be low  400 m  suggest th a t 
h y d ro sta tic  p re ssu re  as th e  d o m in a tin g  physical fac to r c o n tro lls  th e  d e p th  range
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o f  taxa. T h e  u p p e r range lim its o f  m ost ta x a  are  shallow er th a n  580 m ; th e  lower 
ran g e  lim its , how ever, are well defined. O u t  o f  36 taxa, 10 a re  e u ry b a th ic  o ccu rrin g  
fro m  580 m  to  3222 m .

5. F ive la rge ly  d e p th  re la ted  asso c ia tio n s o f  sh e lly  m a c ro b en th o s  have been 
d e te rm in e d  by  c luste r analysis. T h ey  also  o c c u r  co n secu tiv e ly  a lo n g  th e  sam pling  
traverse  f ro m  th e  N o rw eg ian  sh e lfb reak  to  Ja n  M ayen.

6. T h e  life h a b it an d  tro p h ic  s tru c tu re  o f  a ssoc ia tions are ra th e r  u n ifo rm , bu t 
d iffer f ro m  o th e r  deep sea e n v iro n m en ts  by  th e ir  h igh  percen tag e  o f ep ib en th o s 
(p a rtly  m o re  th a n  40% ), and  susp en sio n  feeders (up  to  70% ). T h is  m ay  be due to  
a sh o r t ,  b u t v e ry  p ro n o u n c ed  n u tr ie n t  flu x  fro m  surface w aters in  sum m er, and 
due to  en v iro n m en ta l he terogeneity , caused by  d ro p stones, w h ic h  serve as sm all 
islands o f  h a rd  substra te .
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Appendix 1. List of the bathyal and abyssal taxa of th e  Norwegian Sea, and there  life habit 
and trophic character adapted from  literature.

Anhang 1. Bathyale und abyssale Taxa des Europäischen N ordm eeres und ihre Lebens­
und Ernährungsweise nach L iteraturdaten.

Shelly M acrobenthos 
Schalentragendes M akrobenthos

Bivalvia life trophic G astropoda life trophic
habit group habit group

Astarte crenata end. sus. Am auropsis sp. end. car/sca.
Bathyarca glacialis end. sus. Buccinum  sp. epi. car/sca.
Bentharca sp. epi. sus. Cylichna cf. alba end. dep.
Cuspidaria lamellosa end. car/sca. Cylichnum  cf. africanum end. dep.
Cyclopecten imbrifer epi. sus. Epitonium  sp. epi. car/sca.
Dacrydium ockelmanni end. sus. Oenopotia sp. epi. car/sca.
Heteranomia sp. cpi. sus. Pleurotomella sp. epi. car/sca.
Hiatella arctica end. sus.
Hyalopecten frigidus epi. sus. Scaphopoda
Hyalopecten cf. graui epi. sus. Siphonodentalium  sp. end. dep.
Katadesmia cf. colthofji end. dep. En ialina quinquangularis end. dep.
Kelliella miliaris epi. sus.
Limatula louiseae end. sus. Brachiopoda
Limopsis aurita end. sus. "Terebratula" sp. epi. sus.
Parvicardium m inim um end. sus.
Policordia jeffreysi end. sus. Bryozoa
Poromya granulata end. car/sca. Crisia sp. epi. sus.
Thyasira sp. end. sus. Crisiella cf. producta epi. sus.
Yoldiella fraterna end. dep. Sertella sp. epi. sus.
Yoldiella sp. end. dep. Hornera sp. cpi. sus.

Polyplacophora E chinoderm ata
Leptochiton sp. epi. browser "Echinocardium" sp. end. dep.

key: epi. = epibenthos; end. = endobenthos; sus. = suspension-feeder; 
dep. = deposit-feeder; car/sca. = carnivore/scavenger; browser

F o r a m in if e ra  (o n ly  ta x a  l a r g e r  0 .5  m m  lis te d )

a re n a c e o u s :

Cribrostomoides subglobosum Rhabdam m ina abyssorum
Eggerella sp. Rhizam m ina  sp.
Hyperammina sp. Saccammina  sp.
Reophax nodulosum Saccorhiza ramosa
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c a lc a re o u s :
Cibicides refulgensis 
Cibicidoides wiilleistoift 
Dentalina cuvieri 
Globobulimina  sp. 
Melonis sp.
Nodosaria subsoluta

Pyigo murrhina 
Quinqueloculina sp. 
R obulus sp. 
Rupertina stabilis 
Triloculina frigida 
Uvigerina sp.

Appendix 2. Com position of the  associations (* denotes m em bers of the trophic nucleus) 

Anhang 2. Zusam m ensetzung der Assoziationen (* Taxa der trophischen Kerne)

Astarte crenata ¡Heteranomia sp. Association
N % presence

%
m ode of 

life
m ode of 
feeding

*Astarte crenata 61 26.1 100 end. sus.
*Yoldiella fraterna 31 13.7 100 end. dep.
* Heteranomia sp. 17 7.5 100 epi. sus.
*Hyalopecten cf. graui 15 6.6 100 epi. sus.
*Cyclopecten imbrifer 13 5.7 66 epi. sus.
* "Terebratula" sp. 11 4.9 100 epi. sus.
*Parvicardium m inim um 10 4.4 66 end. sus.
*Yoldiella sp. 9 4.0 66 end. dep.
*Dacrydium ockelmanni 8 3.5 66 epi. sus.
*Kelliella miliaris 7 3.1 100 epi. sus.
*Bathyarva glacialis 6 2.6 100 end. sus.
Leptochiton sp. 5 2.2 100 epi. browser
Amauropsis sp. 4 1.8 66 end. car/sca.
Siphonodentalium  sp. 4 1.8 66 end. dep.
Buccinum  sp. 3 1.3 33 epi. car/sca.
Limopsis aurita 3 1.3 66 end. sus.
Pleurotomella sp. 2 0.9 33 epi. car/sca.
Cylichnum  cf africanum 2 0.9 33 end. dep.
Entalina quinquangularis 2 0.9 33 end. dep.
Sertella septentrionalis 2 0.9 66 epi. sus.
Crisiella cf. producta 2 0.9 66 epi. sus.
Hiatella arctica 2 0.9 33 end. sus.
Katadesmia cf. colthoffi 2 0.9 33 end. dep.
Oenopotia sp. 1 0.4 33 epi. car/sca.
Cuspidaria lamellosa 1 0.4 33 end. car/sca.
"Echinocardium" sp. 1 0.4 33 end. dep.
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Hornera sp. 1 0.4 33 epi sus.
Lim atula  louiseae 1 0.4 33 end. sus.
Crisia sp. 1 0.4 33 epi. sus.

226 100.1

epibenthos 38.7%; endobenthos 61.4%; suspension-feeders 70.5%; deposit-fccders 22.6%; 
carnivors/scavengers 4.8%; browsers 2.2%

Astarte crenata/Yoldiella fraterna Association
N % presence

%
m ode of 

life
m ode of 
feeding

*Astarte crenata 194 48.4 100 end. sus.
*Yoldiella fraterna 44 11 100 end. dep.
*Yoldiella sp. 28 6.9 100 end. dep.
* Cyclopecten imbrifer 19 4.7 100 epi. sus.
*Hyalopecten cf. graui 19 4.7 100 epi. sus.
* "Terebratula" sp. 15 3.7 100 epi. sus.
*Kelliella miliaris 12 2.9 50 epi. sus.
Siphonodentalium  sp. 9 2.4 100 end. dep.
Thyasira sp. 8 2 50 end. sus.
Bathyarca glacialis 7 1.7 100 end. sus.
Parvicardium m inim um 7 1.7 50 end. sus.
Leptochiton  sp. 4 1 100 epi. browser
Katadesmia  cf. colthoffi 4 1 50 end. dep.
Cuspidaria lamellosa 3 0.7 50 end. car/sca.
Entalina quinquangularis 3 0.7 50 end. dep.
Dacrydium ockelmanni 3 0.7 50 epi. sus.
Policordia jeffreysi 3 0.7 50 end. sus.
Am auropsis sp. 2 0.5 50 end. car/sca.
Crisiella cf. producta 2 0.5 100 epi. sus.
Poromya granulata 2 0.5 50 end. car/sca.
Bentharca  sp. 2 0.5 50 epi. sus.
Hiatella arctica 2 0.5 50 end. sus.
Lim atula louiseae 2 0.5 50 end. sus.
Epitonium  sp. 1 0.2 50 epi. car/sca.
Pleurotomella sp. 1 0.2 50 epi. car/sca.
Buccinum  sp. 1 0.2 50 epi. car/sca.
"Echinocardium" sp. 1 0.2 50 end. dep.
Cylichna cf. alba 1 0.2 50 end. dep.
Heteranomia sp. 1 0.2 50 epi. sus.
Hornera sp. 1 0.2 50 epi. sus.
Crisia sp. 1

401
0.2

99.5
50 epi. sus.

epibenthos 19.3%; endobenthos 79.6%; suspension-feeders 73.8%; deposit-feeders 22.4%; 
carnivors/scavengers 2.3%; browsers 1%



Katadesmia cf. colthof f i  / Dacrydium ockelmanni Association
N % presence m ode of m ode of

% life feeding
*Katadesmia cf. colthoffi 34 24.9 100 end. dep.
h a c ry d iu m  ockelmanni 17 12.3 66 epi. sus.
P olicord ia  jeffreysi 13 9.5 100 end. sus.
*Cyclopecten imbrifer 11 7.9 100 epi. sus.
* Astarte crenata 9 6.4 66 end. sus.
h ya lo p ecten  ci. graui 7 5.2 100 epi. sus.
*Yoldiella fraterna 6 4.4 66 end. dep.
*Bathyarca glacialis 6 4.4 66 end. sus.
h o rn e ra  sp. 5 3.6 100 epi. sus.
h e te ra n o m ia  sp. 5 3.6 100 epi. sus.
Lim atula louiseae 4 2.8 66 end. sus.
Hiatella arctica 4 2.8 100 end. sus.
Siphonodentalium  sp. 3 2.1 33 end. dep.
Echinocardium  sp. 3 2.1 66 end. dep.
Sertella septentrionalis 3 2.1 66 epi. sus.
Crisia sp. 2 1.4 66 epi. sus.
Crisiella ci. producta 2 1.4 66 epi. sus.
Am auropsis sp. 1 0.7 33 end. car/sca.
Yoldiella sp. 1 0.7 33 end. dep.
Cylichna cf. alba 1 0.7 33 end. dep.
"Terebratula" sp. 1 0.7 33 epi. sus.

138 99.7

epibenthos 38.2%; endobenthos 61.5%; suspension-feeders 64.1%; deposit-feeders 34.9%; 
carnivors/scavengers 0.7%

Hyalopecten cf. graui/ Limopsis aurita Association
N % presence m ode of m ode of

% life feeding
hya lo p ecten  ci. graui 21 19.3 100 epi. sus.
*Lim opsis aurita 19 17.4 100 end. sus.
h a ta d esm ia  cf. colthoffi 18 16.5 100 end. dep.
*Kelliella miliaris 9 8.3 75 epi. sus.
h a c ty d iu m  ockelmanni 8 7.3 100 epi. sus.
*Bathyarca glacialis 6 5.5 75 end. sus.
*Policordia jeffreysi 5 4.6 50 end. sus.
*Cuspidaria lamellosa 5 4.6 75 end. car/sca.
Amauropsis sp. 4 3.6 50 end. car/sca.
Hornera sp. 2 1.8 50 epi. sus.
Hyalopecten frigidus 2 1.8 50 epi. sus.
Cyclopecten imbrifer 2 1.8 25 epi. sus.
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"Terabmtula" sp. 2 1.8 25 epi. sus.
Leptochiton sp. 2 1.8 50 epi. car/sca.
Astcu1 e crenata 1 0.9 25 end, sus.
Hiatella arctica 1 0.9 25 end. sus.
Limatula louiseae 1 0.9 25 end. sus.
Dentalium  sp. 1 0.9 25 end. dep.

109 99.7

epibenthos 43.9%; endobenthos 55.8%; suspension-feeders 72.3%; deposit-feeders 17.4%; 
carnivors/scavengers 10%

Katadesmia cf. colthoffi/ Hyalopecten cf. graui Association
N % presence m ode of m ode of

% life feeding
*Katadesmia cf. colthoffi 27 29.6 100 end. dep.
*Hyalopecten ci. graui 14 15.3 100 epi. sus.
*Bathyarca glacialis 12 13.2 100 end. sus.
*Kelliella miliaris 8 8.7 66 epi. sus.
*Buccinum  sp. 6 6.5 100 epi. car/sca.
P olicordia  jeffreysi 5 5.4 100 end. sus.
*Parvicardium m inim um 4 4.3 100 end. sus.
Hyalopecten frigidus 3 3.3 66 epi. sus.
Thyasira sp, 2 2.2 66 end. sus.
Sertella septentrionalis 2 2.2 66 epi. sus.
"Terebratula" sp. 2 2.2 33 epi. sus.
Dacrydium ockelmanni 1 1.1 33 end. sus.
Astarte crenata sp. 1 1.1 33 end. sus.
Limopsis aurita 1 1.1 33 end. sus.
Hornera sp. 1 1.1 33 epi. sus.
Echinocardium  sp. 1 1.1 33 end. dep.
Siphonodentalium  sp. 1 1.1 33 end. dep.
Amauropsis sp. 1 1.1 33 end. car/sca.

92 100.6

epibenthos 39.6%; endobenthos 60.5%; suspension-feeders 60.9%; deposit-feeders 31.9%; 
carnivors/scavengers 7.7%




