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A bstrac t Sam ples o f  th e  m acro b en th ic  fauna o f soft 
sed im ents w ere collected from  a ro u n d  S valbard  during  
the 1991 Arctic E P O S  cru ise  o f  RW Polarstern. Al­
th o u g h  faunal variab ility  cou ld  be related  to  sedim ent 
g ran u lo m etry  an d  dep th , a ll s ta tio n s  to  the  sou th  and  
e a s t o f  th e  A rchipelago  lay  w ith in  th e  b road ly  defined 
cen tra l B arents Sea com m unity . In  th is com m unity , 
«-diversity  was variable a n d  sam pled  betw een 77 and  
337 m  show ed no  clear re la tio n sh ip  to  dep th . D iversity 
in  the a re a  close to  th e  p o la r  f ro n t was n o tab ly  high, 
ra re faction  p red ic ting  th a t  43 ±  5.5 species m igh t occur 
in  a sam ple o f  201 individuals. /c-D om inance plots 
suggested th a t m uddy  sa n d  com m unities a ro u n d  Sval­
b a rd  w ere n o  less d iverse  th a n  sim ilar assem blages in 
th e  N o rth  Sea.

Introduction

It is generally  accepted  th a t  h igh -la titu d e  com m unities 
a re  less diverse th an  th o se  c loser to  th e  equa to r. W hile 
such  la titud ina l g rad ien ts  have  been identified in a l­
m ost all com m unities th a t h av e  been investigated on 
lan d  a n d  in th e  sea (R ohde 1992), it is no t clear if such 
a p a tte rn  of varia tion  exists in th e  soft sedim ent m acro­
ben thos o f  shelf w aters (C larke  1992). T h orson  (1957) 
claim ed tha t there were ap p ro x im ate ly  the sam e num ­
b er o f  species in the  soft sed im en ts o f  tro p ica l an d  po lar 
regions an d  th is conclusion  w as su p p o rted  by R ichar­
dson  an d  H edgepeth  (1977). H ow ever, S anders (1968) 
asserted  th a t he could  detect a  c lear la titud inal diver-

T h e  d a ta  p re se n te d  w ere  co llec ted  d u r in g  th e  E u ro p e a n  "P o la rs te rn "  
S tu d y  (A rc tic  E P O S ) sp o n s o re d  by  th e  E u ro p e a n  Science  F o u n d a ­
tio n
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sity  g ra d ie n t o ff th e  eastern  co as t o f  N o r th  A m erica. 
U nfo rtuna te ly , th e  orig inal d a ta  on  w hich these  co n ­
c lusions a re  based  a re  unsu itab le  fo r re -eva luation  in  
view o f th e  lack  o f  consistency in th e  sam pling  m eth o d s 
th a t w ere used to  collect them  (Abele an d  W alters 
1979a, 1979b; W arw ick an d  R usw ahyuni 1987; C larke
1992). As a resu lt, W arw ick an d  R usw ahyuni (1987) 
ad v o ca ted  th e  collection o f a  new, fully co m p arab le  
d a ta  set a n d  began th e  process by co n tra s tin g  d a ta  
from  th e  N o r th  Sea a n d  Java . P ly m o u th  M arin e  
L a b o ra to ry  (P M L ) has u n d ertak en  to  fu rth e r the 
co m p ariso n  by  collecting such info rm ation  w henever 
su itab le  o p p o rtu n itie s  arise.

D u rin g  1990, as p a r t  of th is P M L  study, a  d a ta  set 
was collected  from  a  fjord on  th e  w est co as t o f  S p its­
bergen (K endall an d  A schan 1993). T he diversity  o f  the 
assem blages encoun tered  did  n o t differ significantly  
from  those  in h ab iting  sim ilar su b stra ta  a t  s im ilar 
d ep ths in Jav a  (7: S) o r  the N o rth  Sea (55°N). This 
observa tion  ap p ea red  to  su p p o rt the a rg u m en t th a t 
m a in ta in s  th a t h igh -la titude  assem blages a re  n o t im ­
poverished . H ow ever, a s  sam pling  was only from  a 
single fjord  o n  th e  w arm er coast o f  Spitsbergen, som e 
concern  was raised  concern ing  how  represen ta tive  th e  
resu lts w ere o f  th e  A rctic in general. T h is  em phasised  
the need to  rep lica te  sam ple sites long itud inally  in  an y  
la titu d in a l d iversity  study. A chance to  carry  o u t  such  
rep lica tion  w ith in  th e  w aters a ro u n d  S valbard  in  the 
w estern B aren ts Sea cam e w ith the A rctic  E P O S  cru ise  
o f  RV Polarstern.

Materials and methods

S am p les  w ere  ta k e n  a t  th e  p o sitio n s  sh o w n  in  F ig . 1; d e ta ils  o f  th e ir  
d e p th s  a n d  se d im e n ts  a re  p ro v id ed  in  T a b le  I. It w as o rig in a lly  
in ten d ed  to  sa m p le  o n ly  m u d d y  s ite s  a t  d e p th s  sh a llo w er th a n  2 0 0  m 
in  o rd e r  to  c o n fo rm  w ith  th e  s tu d y  o f  la titu d in a l d iv e rs ity  in  so ft 
se d im e n ts  b e g u n  b y  W arw ick  a n d  R u sw ah y u n i (1987) a n d  c o n tin u e d  
b y  K e n d a ll  a n d  A sch an  (1993). In  p rac tice , th is  d id  n o t  p ro v e  
p ossib le , a n d  o n ly  s ta tio n s  117 (sa n d y  m u d ) a n d  136 (m u d d y  sa n d )
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Fig . 1 M a p  o f  sites sa m p le d  d u r in g  th e  A rctic  E P O S  cru ise  an d  
refe rred  to  in  th is  s tu d y . T h e  S assen fjo rd  s ite  o f  K en d a ll a n d  A schan  
(1993) is a lso  ind ica ted

T ab le  1 T h e  n u m b e r  o f  re p lic a te s  fro m  e a c h  s ta tio n  an a ly sed , th e ir  
d e p th s  a n d  th e ir  p r in c ip a l se d im e n to lo g ica l ch arac te ris tic s  
(H . G ro b e , p e rso n a l c o m m u n ic a tio n )

S ta tio n #  R eplica tes D e p th %  S an d T O C  %

55 4 122 68.5 1.75
82 4 337 75 1.75

104 1 236 71.2 0.63
117 4 197 23.3 0.89
126 2 339 11.3 1.3
132 2 77 74.2 0.48
136 5 143 60.1 0.81

w ere  su ita b le  to  e x te n d  th e  c o m p a r iso n . F o r  th e  p u rp o se s  o f  th is 
p a p e r  th e  fa u n a  o f  tw o  sa m p le s  fro m  e ach  o f  tw o  a d ja c e n t sha llow  
m u d d y  sa n d  s ta tio n s  (50 a n d  55) in  S to rf jo rd  h av e  been  com b in ed  
a n d  re fe rred  to  a s  s ta tio n  55. T h e  d e p th  g iven  in  T a b le  1 is th e  m ean  
fo r  th ese  tw o  sites. E lsew here , sh a llo w  se d im e n ts  ( <  200  m ) w ere 
e ith er s to n y  o r  o f  ç o a rsc  sa n d . W h e re  sam p les w ere  o b ta in e d  from  
su c h  s ite s  o r  fro m  d e e p e r m u d d y  s ta tio n s  th e ir  fau n as a re  consid ered  
in  th is p ap e r.

B en th ic  se d im e n t sa m p le s  o f  0.1 m 2 w ere  su b -sam p led  from  
a  0.25 m 2 b o x -co re r. M a te r ia l re ta in e d  o n  a  0 .5-m m  ro u n d  m esh  
sc reen  w as fixed in  b o rax -b u ffe re d  8 %  fo rm a lin  before b e in g  re ­
tu rn e d  to  th e  la b o ra to ry  fo r  tra n sfe r  to  7 0 %  a lco h o l, the  ex trac tio n  
o f  th e  m a c ro fa u n a  a n d  its  id e n tif ic a tio n  to  p u ta tiv e  species. A n 
u n a v o id a b ly  lo n g  d e la y  in  th e  sh ip m e n t o f  th e  sam p les ex ten d ed  the  
p e r io d  o f  fix a tio n  to  7  m o n th s . In  th a t  tim e , th e  she lls o f  m a n y  o f  th e  
sm a lles t b ivalves a n d  g a s tro p o d s  d isso lv ed  a n d  h en ce  they  co u ld  n o t 
b e  iden tified . F u ll species lis ts  w ill n o t  b e  p re se n te d  in  th is p a p e r  b u t 
a re  a v a ila b le  o n  a p p lic a tio n  to  th e  au th o r .

B iom ass e s tim a te s  fo r  e a c h  species p re se n t w ere  m a d e  o n  som e 
sa m p le s  from  th e  B a re n ts  S e a  tra n s e c t  o n  th e  basis o f  b lo tte d  w et 
w eigh ts. M o llu scs a n d  e c h in o d e rm s  w ere  decalc ified  in 5 %  form ic 
ac id  before  w eighing. D a ta  o n  s ta n d in g  c ro p  b io m ass a rc  consid ered  
fu rth e r  by  P ie p e n b u rg  e t  al. (1995).

A nalyses o f  th e  d a ta  w ere  p e rfo rm e d  u sin g  th e  P R IM E R  p ack ag e  
(C la rk e  1993). A ll d a ta  w ere  d o u b le  sq u a re - ro o t - tra n s fo rm e d  before 
se ttin g  u p  a  s im ila rity  m a tr ix  b ased  o n  th e  B ray  C u rtis  sim ila rity  
m easu re . O rd in a tio n  w a s  p e rfo rm e d  u sin g  n o n -m e tric  m u ltid im e n ­
s io n a l sca lin g  (M D S ) w hile  c la ss if ica tio n  used  g ro u p  av erag e  so rting . 
D iv e rs ity  is  o n ly  c o n s id e re d  a t  th e  scale  o f  s ing le  sa m p le s  (a-d iver- 
sity ) a s  n o  a d e q u a te  p ro to c o ls  ex is t fo r  sa m p lin g  e i th e r  reg io n a l (•/-)

d iv e rs ity  o r  b e tw e c n -h a b ita t (/?-) d iversity . A  ra n g e  o f  x -d ivers ity  
m e a su re s  w as  ca lcu la ted ; k -d o m in a n ce  c u rv e s  (L a m b sh e a d  e t  aí. 
1983) p e rm it co m p a riso n  w 'ith th e  re su lts  o f  W a rw ic k  a n d  R u s­
w a h y u n i (1987) a n d  K en d a ll a n d  A sch an  (1993) w h ile  th e  S h a n n o n  
d iv e rs ity  in d ex  H ' (using  loge) h a s  been  w idely  u se d . D ifferences 
b e tw een  k -d o m in a n c e  cu rv es w ere  tes te d  fo r s ig n ifican ce  u s in g  th e  
D O M S IG  p ro c e d u re  o f  C la rk e  (1990). Species r ich n ess  w a s  co m ­
p a re d  u s in g  H u rlb e rt (1971) m o d ifica tio n  o f  S a n d e rs  (1968) ra re fa c ­
t io n  m e th o d . T h is  m e th o d  ca lcu la te s  th e  ex p ec ted  n u m b e r  o f  species 
(S„) in  a  sa m p le  o f  n  in d iv id u a ls  se lec ted  a t  r a n d o m  (a n d  w ith o u t 
re p la c e m e n t)  fro m  a  la rg e r  co llec tion .

Results

T h e  n u m b er o f  replicate sam ples a n d  th e  m o re  im p o r­
ta n t  sed im ent p aram eters  (H. G robe, p e rso n a l com ­
m u n ica tio n ) from  each  s ta tio n  a t w hich th e  fau n a  has 
been de te rm ined  are  given in T ab le  1.

Species assem blages

In  th e  M D S  p lo t (Fig. 2), sam ples from  a  single s ta tio n  
alw ays c lu ster to g e th er m ore  closely th a n  sam ples from  
different s ta tions. T h e  single sam ple from  s ta tio n  104 
clu sters  closely to  s ta tio n  136 while th e  rep lica tes from  
sta tio n s  126 an d  117 a p p ea r sim ilar. W hen  th e  M D S  
w as rep lo tted  and  sta tion  num bers rep laced  by sym bols 
w hose size is p ro p o rtio n a l to  e ither the  d e p th  o f  th e  site 
o r  th e  p ercen tage  of sand  in the  sed im ent found  there  
(Fig. 2), it becom es ap p a ren t th a t th e  d is tr ib u tio n  o f  the 
fau n a  is re la ted  to  b o th  variables, w hich a re  p ro b ab ly  
n o t in d ep en d en t o f  each  o ther. T he u p p e rm o st s ta tio n s  
o n  th e  p lo t (132 a n d  55) a re  com parative ly  shallow  
w hile th e  m uddiest s ta tio n s a re  located  to  its  low er 
r ig h t-h an d  side. A lthough the sam ples w ere ta k e n  over 
8° o f  la titude , its influence could  n o t be detected . C lassi­
fica tion  (Fig. 3) suggests th a t there  are  th ree  m a jo r 
g ro u p in g s w ith in  the fauna, rep resen ting  the sandy 
s ta tio n s  (104, 132, 136), the m uddy  s ta tio n s  (55, 117, 
126) a n d  s ta tio n  82 which, a lthough  sandy , h a d  a 
clearly  sep a ra te  fauna.

A t th e  m uddy  sites a layer o f  fine m u d  overlies a stiff 
clay  to  a  d ep th  o f betw een 20 a n d  80 m m . M o st an im als 
w ere co n cen tra ted  in  th is  u p p er layer, on ly  M aldane  
sarsi a n d  A sychis biceps p en e tra tin g  significantly  in to  
th e  clay. T ypical species w ere the po lychaetes L u m ­
brineris m agnidenta, Leitoscoloplos cf. m am m osus and  
C haetozone setosa  a n d  the bivalve Yoldiella  frigida. 
D am ag e  d u rin g  processing prevented  m any  c irra tu lids 
from  being identified to  species. C haetozone  w as the 
clear d o m in an t am ong  those w hich cou ld  be d e te r­
m ined , b u t o thers were a lso  presen t, particu larly  
species o f  T h a ryx  and , a t s ta tio n  55, C audriella. 
Spiochaetopterus typicus w as typical o f  a ll th e  m uddy  
sed im en ts a n d  its characteristic  a n d  pers is ten t tubes 
m ad e  u p  a  significant p ro p o rtio n  o f th e  sed im ent fabric. 
H ow ever, these tubes ac t as a b a rrie r  to  fo rm alin  and ,
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F ig . 2 a  M D S  p lo t  o n  w h ich  e a c h  re p lic a te  sa m p le  is  p lo tte d  se p a r­
ately , num bers  re fe r to  s ta tio n  n u m b e r; b  re p lo t  o f  a  in w hich  circles 
p ro p o r t io n a l  to  th e  p e rc e n ta g e  o f  s a n d  in  th e  se d im e n t replace 
s ta tio n  n u m b ers ; c  rc p lo t o f  a  in  w h ich  vertical lines  p ro p o rtio n a l 
to  th e  s ta tio n  d e p th  rep lace  s ta tio n  n u m b ers. A rro w s  in d ica te  the 
p o s itio n  o f  th e  sa m p le s  from  the  sh a llo w e st site

as a resu lt o f  ind iv iduals decom posing, it w as n o t 
alw ays possib le  to  separa te  em pty  tubes from  those  
th a t h ad  co n ta in ed  living anim als. C onseq u en tly  
Spiochaetopterus typicus  w as p ro b ab ly  u n d e r-rep re ­
sen ted  in coun ts an d  estim ates of biom ass.

M aldane  an d  Asychis  dom inated  the b iom ass of 
m o s t m u d d y  sta tions. In  som e instances o th e r  species 
m ad e  la rg e r co n trib u tio n s, b u t they w ere rep resen ted  
by sm all n u m b ers  o f  large-bodied  ind iv iduals an d  
hence it w ou ld  be  difficult to  ex trapo la te  th e ir  b iom ass 
to  a la rg e r area. In  th is category  Ctenodiscus crispatus, 
T ridon ta  m ontagui an d  N eph tys ciliata  w ere typical.

O f  th e  san d ie r sites, th e  single sam ple th a t  w as p ro ­
cessed from  s ta tio n  104 h a d  a  fau n a  sim ilar to  th a t  from  
s ta tio n  136, 100 m  shallow er an d  m ore th an  4° fu rth e r 
to  th e  sou th . S ta tio n  132, the shallow est sam pled  
(77 m), w as clearly  different to  the o ther san d y  S tations. 
S ta tio n s 104 an d  136 h a d  faunas d o m in a ted  by p o ly ­
chaetes an d  w hich overlapped  in species com po sitio n  
w ith  the m o re  m uddy  sites. H ow ever, th ere  w ere signifi­
c an t differences in p a tte rn s  of abundance . In  p articu la r, 
th e  cum acean  L eucon acutirostris  was m uch  m o re  com ­
m o n  a t  san d ie r sites, as w ere the sm all sabellid  p o ly ­
chaete  Chone sp. an d  th e  spionid  Spiophanes kroyeri. 
H ow ever, Leitoscoloplos cf. mammosus, Lum brineris 
m agnidenta  an d  the c irra tu iid  species w ere far less fre­
qu en t. In  the co arser sedim ent of sta tion  132 th e re  was 
a  fu rth e r red u c tio n  in  the  abundance  of deposit-feeding 
p o lychaetes (including  Spiophanes)-, bivalves, how ever, 
w ere a b u n d an t. N um erically , Dacrydium vitreum  
d o m in a ted  a t  th is site bu t th ere  were also  su b s tan tia l 
n u m b ers  o f  Yoldiella  an d  N ucula pernula. B iom ass 
was d o m in a ted  by larger, bu t less n um erous, bivalve 
species: H iatella  arctica. Tridonta  m ontagui, M usculus  
niger a n d  M ya  truncata.
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F ig . 3  D e n d ro g ra m  sh o w in g  s im ila rity  be tw een  sam p les w ith in  an d  
betw een  sta tio n s

C o m m u n ity  stru c tu re

A t an y  single s ta tio n  b o th  the n u m b er o f  species an d  
th e  n u m b e r o f  ind iv iduals p er sam ple w ere unusually  
v ariab le  (T able  2), reflecting local patch iness in  the 
com p o sitio n  o f  th e  sed im ent a n d /o r  the d is tan ce  drifted  
by  th e  sh ip  betw een sam pling points. B o th  the num ber 
o f  species an d  the n u m b er o f  individuals w ere low est a t 
the deepest s ta tio n  (82) an d  highest a t th e  shallow est 
(132), b u t th ere  w as no  tren d  a t  the in te rm ed ia te  
sta tions.

T h ree  m easures of d iversity  have been considered. 
H u rlb e rt rarefactions w ere perform ed on  th e  raw  d a ta  
a n d  on  th e  basis o f  these, estim ates o f  the n u m b er of 
species th a t  w ould  be expected in a sam ple  o f  201 
ind iv iduals (ES(201)) have been ca lcu la ted  an d  hence 
an y  effect o f sam ple  size d iscounted. T o  co n sid e r spe­
cies a lone , how ever, ignores the  d is trib u tio n  o f  in d i­
v iduals  betw een  them  and hence /c-dom inance curves 
a n d  the S h an n o n  diversity  sta tis tic  H ' have a lso  been 
ca lcu la ted . F igu re  4 presents /c-dom inance curves based



T ab le  2. T h e  m ax im u m  a n d  m in im u m  v a lu e s  o f  co m m u n ity  m easu res b ased  o n  0.1 m 2 sa m p le s  from  each  s ta tio n

S ta t io n  no. 55 82 104 117 126 132 136

N o . in d iv id u a ls 3 43-405 7 8 -1 9 4 289 293-835 71 9 -8 8 8 1910-2490 191-295
N o . species 4 2 -4 8 16-26 50 5 2 -5 5 5 3 -6 3 52-70 4 0 -5 4
ES(201) 34.3-40.8 NA 42.7 35.2-45.2 34.4-42.1 22.6-25.3 33.6-47.5
S h a n n o n
d iv e rs ity  H ' 2 .87-3 .16 2 .17-2 .65 3.11 2 .99-3 .27 2 .85-3 .14 1.71-1.75 2.86-3 .39
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F ig . 4  A -D om inance  p lo ts , based  o n  av e ra g e d  d a ta ,  fo r  a ll sha llow  
b en th ic  s ta tio n s  sa m p le d  d u r in g  A rc tic  ep o s

on  m ean  d a ta  from  each  sam pling sta tion . In  such 
rep resen ta tio n s th e  low er a curve is, the  h igher the 
diversity  o f  th e  sam ple  it represents. In  Fig. 4, only 
s ta tio n  132 s tan d s  o u t as being of different d iversity  to  
the  o th e r sites. F o rm a l testing  o f the difference betw een 
th e  curves, using  the D O M S IG  procedure, is on ly  p o s­
sible using sites w ith  four o r  m ore replicates; it c an n o t 
be  perfo rm ed  o n  d a ta  from  this s ta tion . D O M S IG , 
how ever, does suggest th a t s ta tio n  55 was m ore  diverse 
(at 5%  level o f  significance) th an  s ta tio n  82 bu t less so 
th an  136; s ta tio n  136 was a lso  m ore  diverse th an  e ither 
sta tio n s 82 o r  117. U sing  th e  S han n o n  index H ', s ta ­
tions 82 an d  132 ap p eared  less diverse th an  the o thers 
b u t s ta tio n  136 d id  n o t s tan d  o u t above th e  o ther 
sta tions. S im ilar conclusions were reached using ra re ­
faction, a lth o u g h  there  w ere no t sufficient an im als pres­
en t for a  value o f  ES(201) to  be calcu lated  a t  s ta tio n  82. 
In  the  evaluation  o f  these results, it should be rem em ­
bered th a t because o f the d issolution in form alin o f  som e 
small m olluscs a n d  the difficulty of identifying dam aged 
c irratu lid  polychaetes, the estim ates of diversity presen t­
ed here m ay  be low er th an  is actually  the case.

F ig . 5  T h e  d iv e rs ity  o f  m u d  o r  m u d d y  s a n d  sites sh a llo w er th an  
200 m  in  th e  A rctic , N o r th  S ea  a n d  Ja v a . S h a d ed  areas  rep resen t the 
m a x im u m  a n d  m in im u m  d iv e rs ity  in e ach  a rc a . Ja v a n e se  d a ta  a re  
rep re sen ted  by  a  sing le  curve  (cen tra l line)

L atitu d in a l com parisons

In  m ak in g  la titu d in a l com parisons, only those m ud  
an d  m u d d y  sa n d  s ta tio n s  shallow er than  200 m have 
been considered . M ean  values for p red ictions of 
ES(201) (T able 2) a t  s ta tio n s 55, 117 an d  136 were 
h igher th a n  th o se  for physically  sim ilar sites to  the west 
of Spitsbergen, in the  cen tra l N o rth  Sea an d  Java. T he 
la tte r  2 d a ta  sets a re  those  analysed  by W arw ick and  
R usw ahyuni (1987) bu t as there  is no  replication  for the 
N o rth  Sea set, d a ta  from  30 m uddy  san d  s ta tio n s sam ­
pled in th e  sam e a rea  in 1989 (K endall; unpub lished  
d a ta ) are  a lso  considered . S ta tions 117 a n d  136 were 
m ore diverse th a n  sites in  west Spitsbergen o r  Jav a  bu t 
d id  n o t differ from  the 1989 N orth  Sea sites.

F igu re  5 p resen ts  /c-dom inance curves for the sites 
from  the cen tra l N o r th  Sea (1989 data) and  Jav a  an d  
com pares them  w ith  a n  und istu rbed  m uddy  sand  site at 
123-m d ep th  from  the west o f  Spitsbergen sam pled  in 
1990 (K endall a n d  A schan 1993) an d  sta tio n s 55,
117 an d  136 sam pled  du ring  the A rctic epos cruise. F o r  
convenience, on ly  th e  m ost an d  least diverse site in each 
area  have been p lo tte d  an d  the a rca  betw een them

S a s s e n f j o r d  9 5 m  

J a v a

N o r th  S e a  

S a s s e n f j o r d  1 2 3 m  

P o l a r s t e m  C r u i s e  

S t a t i o n  1 3 2
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T a b le  3  A co m p a riso n  o f  th e  e x p ec ted  n u m b e r  o f  species fo r a  sa m p le  o f  201 in d iv id u a ls  fro m  s ta tio n s  sam p led  a ro u n d  S v a lb a rd  (th is study; 
K en d a ll a n d  A sch an  1993) a n d  a t  lo w e r  la titu d e s  (W arw ick  an d  R u sw ah y u n i 1987; K e n d a ll, u n p u b lish e d  d a ta )

Ja v a N o r th  Sea N o r th  Sea W .S p itsb erg en S ta tio n  no . S ta tio n  no. S ta t io n  no.
(W arw ick) (K endall) 123 m 55 117 136

ES(201) 33.2 ±  1.9 34.6 43.6  ±  2.6 32.9 ±  1.4 36.8 +  2.9 40.5 ±  4.5 43  +  5.5

shaded. T he range  of S va lbard  d a ta  has been overlaid 
by th e  range from  the N o r th  Sea and , as Fig. 5 shows, 
the  tw o alm ost com pletely overlap . D a ta  from  Java  lie 
w ith in  the sam e range. W h en  the curves for individual 
s ta tio n s w ere exam ined using  D O M S IG  there  w ere few 
significant differences; s ta tio n  136 was m ore  diverse 
th a n  any  o ther location  s tu d ied  except s ta tio n  117 and 
th e  123-m Sassenfjord site (sam pled  in 1990); s ta tio n  55 
w as m ore  diverse th an  th e  Ja v a  site.

Discussion

S tröm berg  (1989) po in ted  o u t th a t  a lth o u g h  the m acro ­
fauna of th e  B arents Sea w as described  by Zenkevitch 
(1963), he p resen ted  very little  d a ta  from  n o rth e rn  Sval­
b a rd  w aters. W hile th is is true , th ere  is a descrip tion  of 
a  “m idd le  B arents Sea co m m u n ity ”, w hich occurs on 
silt, sandy  silt an d  silty  san d  a t  d ep ths of 100-350 m. 
A m ong the d o m in an t species th a t w ere said  to  charac­
terise th is assem blage w ere Tridonta  montagui, Spio­
chaetopterus typicus, M yriochele oculata and  Ophiocantha 
bidentata, all o f w hich w ere clearly  evident in  the sam ­
ples tak en  during  the A rctic  E P O S  cruise. A lthough 
som e of the species th a t w ere ch aracteristic  o f the 
various faunal g ro u p s detec ted  d u rin g  A rctic E P O S  
w ere no t recorded  by Z enkev itch  (1963), these tended 
to  be  of sm all body  size a n d  hence m ight have been 
overlooked  if sam ples h ad  been processed using a m esh 
o f  m ore  th an  0.5 m m . Z enkev itch  considered tha t this 
assem blage could  be subdiv ided  in to  ten  varian ts  on 
th e  basis of the relative ab u n d a n c e  o f  the  com ponent 
species. T h is observa tion  acco rd s well w ith  the separ­
a tio n  of m uddy  san d  a n d  san d y  m u d  assem blages in the 
classification a n d  o rd in a tio n  p lo ts p resen ted  above. 
S IM P E R  analysis (C larke 1993) suggested th a t these 
species g roup ings have a fundam en ta lly  sim ilar fauna 
b u t th a t p a tte rn s  of do m in an ce  differed as a response to 
sedim ent. T he fauna  o f s ta tio n  132 m ight be considered 
as a n  extrem e form  o f Z e n k e v itc h i cen tra l B arents Sea 
com m unity . The fact th a t such  extrem es can  be accom ­
m o d a ted  w ith a w ell-defined co m m u n ity  type poin ts 
ou t th e  difficulties to  be en co u n te red  in determ ining 
reg ional p a tte rn s  o f  diversity. F o r  this reason, in the 
d iscussion th a t follows no  a ttem p t will be m ade to 
exam ine d a ta  collected d u rin g  A rctic epos in the  con­
text o f  y-diversity; only variab ility  in «-diversity will be 
considered.

Sufficient evidence exists in  th e  lite ra tu re  to  indicate 
the existence o f  b road-scale  p a tte rn s  of species richness 
in A rctic shelf w aters, a lthough  there  is su bstan tia l 
geograph ica l v ariab ility  in  th e  quan tity  a n d  q u a lity  of 
in fo rm ation  available. T he seas to  the  n o r th  of Russia 
have been th e  o b jec t of a considerab le  research  effort 
over m any  years (Z enkevitch 1963); extensive species 
lists exist an d , a lth o u g h  th e  q u an tita tiv e  basis o f  their 
co llection  is n o t alw ays explicit, d istinct p a tte rn s  in 
diversity  have  been identified. H ow ever, in a review  of 
th e  co n tin en ta l shelf ben thos of the N o r th  A m erican 
A rctic, C arey  (1991) sta ted  th a t th e  q u an tity  an d  tax o ­
nom ic  com p o sitio n  o f th e  ben thos in th is area  h ad  not 
been ad eq u a te ly  described. Sum m arising  th e  lite ra tu re  
on  the A rctic  m acro b en th o s up  to  the early  1970s, 
C urtis  (1975) acknow ledged  th a t d iversity  w as variab le  
and sta ted  th a t th e  largest n u m b er o f  species is found 
in  areas o f  m ix ing  betw een cold p o la r and w arm er 
n o n -p o la r w ater. In  such  areas, there  is usually  som e 
en h an cem en t o f  p rim ary  production . T h is linkage is 
a recu rrin g  them e o f the A rctic ben th ic  lite ra tu re  and , 
m ore  recently , C arey  (1991) an d  G rcbm eier (1993) have 
also d o cu m en ted  such  a  relationship . W hile th e  e n ­
hancem ent o f  species richness m ay sim ply be th e  result 
o f  an im als from  different b iogeographic  areas m ixing, 
such  o b serv a tio n s also  acco rd  well w ith the predictions 
o f  H u sto n  (1979) th a t species num bers shou ld  be  h igh­
est u n d er co n d itio n s  of high p o pu la tion  g row th  rates 
(such as a re  n o rm ally  associated  w ith h igh  p ro d u c tiv ­
ity) a n d  a  low  incidence o f  d istu rbance. D iversity  tends 
to  be low est in shallow er coastal areas, influenced by 
the outflow  o f large rivers d u ring  th e  sum m er m o n ths 
(C urtis 1975; W acasey e t al. 1977). Such areas of 
low ered salin ity  m ig h t have only half th e  n u m b er of 
species found  in sub-A rctic  seas. K endall a n d  A schan 
(1993) found  th a t localised d istu rbance  influenced the 
d iversity  o f  an  A rctic ben th ic  faunal com m unity . In  this 
case, sed im en ta tio n  from  a glacial s tream  du ring  the 
sum m er d is tu rb ed  the assem blage occupying shallow  
sites, reducing  diversity  a n d  leading to  dom in a tio n  by 
large n u m b ers  of ind iv iduals of a sm all b o d y  size. In 
o th e r shallow  areas th e  g ro u n d in g  o f  ice will resu lt in 
scouring  (D ay to n  e t al. 1970) an d  hence influence local 
p a tte rn s  o f  diversity . H ow ever, th e  sites sam pled during  
A rctic E P O S  w ere sufficiently deep an d  far enough 
offshore to  be th o u g h t to  be unaffected by such physical 
d istu rbances.

T he w estern  B aren ts Sea was one of the areas th a t 
C urtis  (1975) p icked  ou t as hav ing  a particu larly  high
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Sassenfjord , p roduc tiv ity  is less th an  in ad jacen t open 
sea a reas , as a  resu lt of h igh  loads o f  suspended  in o r­
gan ic  m ateria l from  th e  ad jacen t glaciers th a t interfere 
w ith p rim ary  productiv ity  (W eslaw ski 1993). Hence, 
a  d irec t m easurem ent of p roductiv ity  itse lf m igh t be 
a  m o re  efficient p red ic to r of local ben th ic  d iversity  than  
sim ple ind ica tio n s o f  m ixing. This is n o t availab le  for 
th e  S to rfjo rd  (sta tion  50/55) w here sam ples w ere co l­
lected  from  a  poo l o f  cold  b o tto m  w ater little  influenced 
by  th e  A tlan tic . T h ere  was n o  evidence o f  high loads of 
suspended  solids, a lthough  the a rea  is fjordic; its  fauna 
was s im ila r to  th a t of Sassenfjord (K endall an d  A schan
1993) b u t m acro b en th ic  d iversity  w as h ig h er a n d  did 
n o t differ significantly from  th a t of th e  B aren ts Sea 
sites. T h e  level o f  diversity a t  th is site a n d  s ta tio n  117, 
a n o th e r  site  w here the influence of A tlan tic  w ater was 
less s tro n g , can only be recorded  ra th e r  th a n  explained.

A t physically  sim ilar sites sam pled a ro u n d  Svalbard , 
rare faction  suggested th a t  th e  n u m b er o f  species th a t
t - n i r r h f  K p  P Y r \ p r * t p H  i n  a  « a r r m l p  p f  9 ,0 1  i n H i v i H i i i i l c  m i c r h t
v aria tio n s m u st fluc tuate  ab o u t a level low er th a n  tha t 
found  fu r th e r  tow ards the equa to r. T h e  ev idence p re­
sen ted  here suggests th a t there  is little  difference be­
tw een the d iversity  o f  sites a ro u n d  Sp itsbergen  and  
physically  s im ila r sites sam pled  in th e  sam e w ay o ff the 
coast o f n o rth eas t E ng land  (55°N) an d  Jav a  (7°S). 
H ow ever, th is ap p a re n t sim ilarity  is o n ly  o f lim ited 
value w hen  m ak in g  b ro ad  la titud ina l com parisons. To 
con so lid a te  th e  im pression th a t th e  v ariab ility  o f  diver­
sity  w ith in  th e  A rctic  overlaps.considerab ly  w ith  th a t at 
low er la titudes, m ore in fo rm ation  is requ ired  from 
o th e r A rctic  areas. U nfortunate ly , there  a re  few studies 
w ith w hich  a  valid  com parison  can  be m ade. A n excep­
tio n  is d a ta  from  shallow  m uddy  san d  a n d  sandy  m ud  
sites in the D avis S tra it (Stew art e t al. 1985). W hen 
analysed  using th e  sam e techniques as w ere em ployed  
in  th e  exam ination  o f  th e  Spitsbergen  sam ples, rarefac­
tio n  ind ica ted  a b o u t 35 species fo r 201 individuals. This

separa te  consideration .
C larke  (1992) p o in ted  o u t th a t  p rev ious studies, 

w hich trea ted  th e  A rctic  a n d  A n ta rc tic  to g e th er as 
being  essentially  s im ila r areas w ith  co ld  seas a n d  an 
im poverished fauna, failed to  ap p rec ia te  th e  b iogeo­
graphic  im plications o f  th e  g rea te r age a n d  longer iso ­
la tion  of th e  la tte r. In  view o f th e  differences in the 
geological h isto ry  o f  th e  p o la r  reg ions it is unrealistic  to 
expect g rad ien ts  o f  d iversity  to  be  sym m etrical in the 
tw o hem ispheres. I t  is c lear th a t som e (b u t no t all) 
phyla  in th e  S o u th ern  O cean  a p p ea r particu larly  spe­
cies rich  w ith h igh  degrees o f  endem ism  suggesting 
spéciation  to  have o ccu rred  a fte r iso lation. As an  
exam ple, m any species o f  th e  po lychaete  fauna are  
un ique  to  the  S o u th e rn  O cean  (K nox  1977). In  the 
A rctic how ever (B ilyard a n d  C arey  1980; K endall
1994), po lychaete endem ism  is low  a s  th e  fauna m ay 
still be recovering from  recen t g laciation . D espite this 
difference in  the b io geograph ic  orig ins o f  th e  fauna a t
h n t h  nnlpQ i t  t*pty)pins t h a t  i n ç t  a e  i n  t h p  A  r p t i c  f h p  s h p l f
the  fauna of shallow  sed im ents, a m ore  com plex situ- 
a tio n  ob ta ins in the deep sea. R ex e t al. (1993) dem on­
stra ted  a decline in th e  species richness o f  gastropods, 
isopods an d  bivalves to w ard s  h igh  la titudes in the  
no rth e rn  hem isphere. T h ere  w as less evidence for a  sim ­
ilar p a tte rn  to  th e  so u th  a lth o u g h  s tro n g  in ter-regional 
p a tte rn s  w ere repo rted . Brey e t al. (1994) w ere unab le  to  
find a  la titud inal cline in th e  d iversity  of ben thos sam ­
ples tak en  from  th e  deep sea in th e  so u th e rn  hem i­
sphere by th e  use o f  an  A gassiz traw l. T hey  found tha t 
the diversity o f  species in th e  W eddell Sea was in the 
upper range  o f  values fo r  s im ila r trop ica l locations.

T he varia tion  betw een su ch  stud ies serves to  dem on­
stra te  the need to  exam ine all th e  com ponen ts o f  the 
ben th ic  fauna  separa te ly  if a n  u n d erstan d in g  o f la titu d i­
nal variab ility  in its  species richness is to  be  reached. 
W hile som e tax a  clearly  show  a  la titu d in a l g rad ien t in 
species richness (e.g. S anders 1968; Rex e t al. 1993),
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o th e rs  d o  n o t necessarily com ply. T he annelids d o m in ­
ate  in  th e  m a jo rity  of ben th ic  soft sedim ents bu t little 
a tten tio n  h ad  been accorded to  th e ir  la titu d in a l v a ria ­
bility. T o  p artia lly  rectify th is s itu a tio n , D auv in  et al. 
(1995) com bined  som e of the  d a ta  p resen ted  in this 
p a p e r  w ith  in fo rm ation  from  co m p arab le  sites in  the  
E nglish  C hannel an d  w ere unab le  to  d em o n stra te  any 
la titu d in a l g rad ien t in annelid  d iversity  betw een  48°N  
an d  81°N. If  the  annelids do  no t respond  to  la titude  
then  th e  m a jo rity  of soft sedim ent assem blages w ill not 
show  a  la titu d in a l diversity g rad ien t. I t  is ev iden t th a t 
in  fu rth e r stud ies a considerab le  effort m u st be m ad e  to 
ad d ress  an ne lid  diversity an d  to  a tte m p t to  elucidate 
th e  physio logical and  ecological differences betw een 
th o se  tax a  th a t conform  to  la titu d in a l g rad ien ts  and 
th o se  th a t do  not. If differences betw een tax a  in their 
response  to  la titude  can  be show n to  exist, th is m ight 
go som e w ay to  explain ing the d ifferent la titud inal 
p a tte rn s  o f  diversity on  h a rd  su b s tra ta  an d  in  soft 
sed im ents. Any fu rther studies m u st co n sid e r lo n g itu ­
d in a l v a ria tio n  a t  all latitudes, bu t p a rticu la rly  in 
th e  tro p ic s  w here extrem e variab ility  in species richness 
has long  been app recia ted  (V alantine a n d  M oores 
1974).

A cknow ledgem en ts I w ould  like to  ex p ress m y a p p re c ia t io n  fo r  all 
th e  h e lp  g iven  to  m e by  th e  o th e r  m em b ers o f  th e  A rc tic  epos 
b e n th o s  a n d  fishes g ro u p , b o th  a b o a rd  RV  P olarstern  a n d  s u b ­
se q u en tly ; p a r t ic u la r  th a n k s  g o  to  E ik e  R a c h o r, Ju lia n  G u t t  an d  
D ie te r  P ie p e n b u rg . E ike  R a ch o r, A n d rew  C la rk e , R ic h a rd  W arw ick  
a n d  S tev e  W id d ic o m b e  a ll p ro v id e d  v a lu a b le  c o m m e n ts  o n  the  
m an u sc rip t.
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