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Abstract

This p ap er p resen ts  a su rvey  of th e  m ollusc fau n a  in  K ongsfjorden, a n  Arctic 
glacial fjord in  Spitsbergen, Svalbard, based  o n  197 sam ples collected w ith  van  
Veen grabs, dredges, scuba-div ing collections an d  baited  traps at dep ths rang ing  
from  5 to  390 m . E igh ty -seven  m ollusc species w ere  recorded . The species 
d is tribu tion  accords w ell w ith  th e  d is tribu tion  of th e  m a in  substrata: b a rren  
rock, kelp bed, g ravel a n d  soft bo ttom . For th e  m ost com m on  substrate  type, 
th e  soft bo ttom , th e  d is tribu tion  an d  diversity  of m olluscs w ere  analysed  in  
re la tio n  to  e n v iro n m en ta l factors. Glacial activ ity  (particu larly  th e  in flow  of 
glacial m e ltw a te r loaded  w ith  m in era l solids) is responsible for th e  m ain  
g rad ien ts of e n v iro n m en ta l variables in  th e  fjord. Silt co n cen tra tio n  in  sed i­
m en ts, th e  w a te r  tem p e ra tu re  n e a r th e  b o tto m  an d  ino rgan ic  suspensions in  
th e  surface w a te r  best p red ict th e  species d is tribu tion  of th e  soft bo ttom . Two 
fau n a l associations located  in  glacial bays an d  th ree  fau n a l associations in  th e  
cen tra l basin  of th e  fjord can be  d is tingu ished  for th e  fau n a  of th e  soft bo ttom . 
M olluscs are  m u ch  m ore  a b u n d a n t in  glacial bays (20 0 -3 0 0  ind iv iduals (ind.)
0 .1 m 2) th a n  in  th e  cen tra l basin  assem blages (3 0 -4 0  ind ./0 .1  m 2). Yoldiid 
(Yoldiella solidula, Y. lenticula an d  Yoldia hyperborea) an d  thyasirid  bivalves (Thya­
sira dunbari, T. gouldi a n d  Axinopsida orbiculata) cope p articu la rly  w ell w ith  
glacial sed im en ta tio n  an d  occur in  h igh  quan tities in  glacial bays. A lthough  
th e re  is no  effect of glacial d is tu rbance  o n  th e  m olluscan  sam ple species 
richness a n d  species diversity, th e re  a re  significant clines of evenness and  
taxonom ic  d is tinctness in  areas n e a r to  th e  glacier. The p a tte rn s  of m olluscan  
diversity  are  n o t fu lly  consisten t w ith  th e  p a tte rn s  described for com plete 
m acroben th ic  com m unities.

K ongsfjorden is s itua ted  o n  th e  w est coast of Spitsbergen, 
w h ich  is th e  largest island  of th e  Svalbard archipelago. 
D espite its h igh  la titude  location  (79 °N) th e  fjord has a 
sub-A rctic ch aracter (Hop et al. 2002). The o u te r an d  
cen tra l basins of K ongsfjorden a re  in fluenced  by  th e  
w a rm  A tlan tic  w ate rs  of th e  W est Spitsbergen C u rren t 
(Svendsen  et al. 2002). T hree tidal glaciers te rm in a te  in  
th e  fjord. K ongsbreen , s itua ted  in  th e  in n e rm o st p a r t of 
th e  fjord, is th e  m ost active glacier in  th e  Svalbard a rch i­
pelago (L efauconnier et al. 1994). T here is a n  in te rn a ­
tiona l research  cen tre  in  th e  se ttlem en t of N y-À lesund, 
w h ich  m akes K ongsfjo rden  one  of th e  m ost in tensively  
stud ied  h igh  la titu d e  fjords. The physical a n d  biological 
settings of th e  fjord h av e  b een  rev iew ed  by  Svendsen  
et al. (2002) an d  H op et al. (2002). The Im p lem en ta tio n

an d  N etw ork ing  of Large-scale L ong-term  M arine  B iodi­
versity  in  E u rope  (BIOMARE) p ro ject selected Kongs- 
fj o rd en  as one  of th e  E u ro p ean  M arine  B iodiversity  
R esearch  Sites, w h ich  p rov ide re ference  localities for 
large-scale E u ro p ean  b iod iversity  studies (W arw ick et al.
2003).

The b io ta  in v en to ry  in  selected  sites is a  crucial starting  
p o in t for large-scale studies of tem p o ra l an d  spatial 
changes of coastal b iod iversity  (S tork  et al. 1996). Species 
richness records a re  largely d ep en d en t o n  th e  sam pling 
effort (M agurran  2004). The assessm ent of species r ic h ­
ness of a  m arin e  bay, an  in le t o r a n  island  requ ires in te n ­
sive sam pling using  a varie ty  of sam pling techn iques, an d  
preferab ly  covering several sam pling seasons (B ouchet 
et al. 2002).
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M olluscs are  w idely  d is tribu ted  a n d  can  be ab u n d a n t in 
a  varie ty  of m arin e  hab ita ts  rang ing  from  rocky  shores to 
abyssal m u d d y  plains. M olluscs can  be h igh ly  responsive 
to  local h u m a n  activities (Terlizzi et al. 2005) as w ell as to 
e ith e r lo n g -te rm  or large-scale clim atic changes (M iesz- 
kow ska et al. 2006), a n d  h ave  b een  p roposed  as possible 
surrogates for th e  study  of th e  d is tribu tion  an d  diversity  
of th e  w h o le  m acroben th ic  co m m u n ity  (A nderson  et al. 
2005; Sm ith  2005). In  Arctic fjords m olluscs exh ib it th e  
h ighest p reserva tion  p o ten tia l am o n g  th e  m arin e  m ac ­
ro b en th ic  b io ta  (A itken 1990). B e tw een  30 a n d  60%  of 
th e  m o d e rn  Arctic m ollusc fau n a  is rep resen ted  in  Q u a ­
te rn a ry  m arin e  Arctic m acrofossils, an d  u n d ers tan d in g  
th e  e n v iro n m en ta l factors con tro lling  th e  d is tribu tion  of 
living com m unities is crucial for reconstruc ting  th e  palae- 
oecology of Q u a te rn a ry  glaciations an d  in terg laciations 
(G ordillo 8- A itken  2000).

The m acroben th ic  com m unities of K ongsfjo rden  have 
b een  described in  several publications. K endall et al. 
(2003), W lodarska-K ow alczuk  8  P earson  (2004), W lo­
darska-K ow alczuk  et al. (2005) a n d  Som erfleld  et al. 
(2006) stud ied  th e  d is tribu tion  a n d  d iversity  of subtidal 
com m unities of th e  soft b o tto m  a t dep th s rang ing  from  
30 to  300 m . The shallow  sub tidal m acro fau n a  has b een  
described by  K aczm arek  et al. (2005) an d  Bick 8  Arlt 
(2005). L ippert et al. (2001) stud ied  th e  ph y to p h y lo u s 
m acro fau n a  a t a  single location  close to  th e  island  of 
B lom strandhalvoya. Jo rg en sen  8  G ulliksen (2001) 
investiga ted  th e  fau n a  of th e  h a rd  b o tto m  a t th e  K vade- 
h u k e n  a t a  dep th  of 2 0 -3 0  m  using  a  suction  sam pler 
a n d  u n d e rw a te r  pho tography . Rozycki (1991) pub lished  
a  list of m olluscs fo u n d  a t 12 stations sam pled  w ith  
grabs an d  dredges. Those studies w ere  lim ited  in  scope 
to  a  single location , h ab ita t o r d ep th  range w ith in  th e  
fjord.

The pub lished  in fo rm atio n  on  m ollusc d iversity  and  
d is tribu tion  in  K ongsfjorden is sca ttered  a n d  incom plete . 
In  th e  p resen t study  I b ring  to g e th e r ex tensive d is tribu ­
tio n a l da ta  of m olluscs collected in  several b en th ic  su r­
veys carried  o u t in  K ongsfjorden by  th e  In s titu te  of 
O ceanology, Polish A cadem y of Sciences, in  1996-2000 . 
The m ateria l con ta ins 197 sam ples ta k e n  w ith  a varie ty  of 
sam pling  gear a t a  range of dep th s a n d  hab itats , an d  is 
likely to  give a reliable assessm ent of th e  m ollusc diversity  
a n d  d is tribu tion  p a tte rn s  in  th e  fjord. The aim s of th e  
p ap e r a re  to ( 1 ) p re sen t a m ollusc species list for Kongsf- 
j orden; (2) iden tify  th e  e n v iro n m en ta l p red ictors of 
th e  m ollusc species d istribu tion ; (3) iden tify  th e  species 
characteristic  for fjord h ab ita ts /m o llu sc  associations; (4) 
quan tify  th e  response  of m olluscs a t th e  soft b o tto m  to 
glacial d is tu rbance  a n d  com pare it w ith  th e  p e rtu rb a tio n  
signal in  th e  w h o le  m acroben th ic  co m m u n ity  (as 
described by  W lodarska-K ow alczuk  et al. 2005).

Study area

K ongsfjorden  is a n  open  fjord located  o n  th e  n o rth -w es t 
coast of Spitsbergen in  th e  Svalbard archipelago (12°E , 
79 °N; Fig. 1). The fjord is 26 km  long, w ith  a n  a rea  of 
231 k m 2. D epths ra re ly  exceed  400  m . Two tidal glaciers 
(K ongsbreen  an d  C onw aybreen) te rm in a te  in  th e  in n e r 
basin , w h ereas a  th ird  one, B lom strandb reen , is situa ted  
on  th e  n o r th e rn  m id-fjo rd  coast.

The hydro logy  of K ongsfjorden is shaped  by  th e  in te r­
p lay  am ong: ( 1 ) w a rm  saline A tlan tic  w ate rs  en te ring  th e  
fjord from  th e  shelf [tem p era tu re  (T ) > 1 °C, salinity  
(S) > 34.7]; (2) local fjord w ate rs  ( r < l ° C ,  salinity  
S > 34.4); (3) fresh w ater in p u t from  th e  glaciers (S vend ­
sen  et al. 2002). In  th e  in n e r  basin  th e re  a re  deep  d ep res­
sions in  w h ich  very  cold w in te r  w ate rs  ( T < - 0.5 °C, 
S > 34.4), w h ich  are  th e  rem n an ts  of w in te r  cooling and  
deep  convection , can  be also observed  (S vendsen  et al. 
2 0 0 2 ) .

Fairly u n ifo rm  fine sed im ents cover m u ch  of th e  
K ongsfjorden  sub tida l region, p articu la rly  in  th e  in n e r 
basin  w h e re  h igh  sed im en t deposition  ra tes are 
accom pan ied  by  re latively  w eak  cu rren ts  (W lodarska- 
K ow alczuk 8  P earson  2004). G ravel beds occur in 
som e parts  of th e  o u te r fjord w h e re  strong  b o tto m  cu r­
ren ts  w in n o w  o u t fine sed im ents. Ice rafted  pebbles and  
stones (d rop-stones), typical of Arctic glaciated fjords 
(Dale et al. 1989), a re  d is tribu ted  all over th e  fjord. At 
th e  edge of th e  fjord th e re  are  rocky  shelves (Jo rgensen  
8  G ulliksen 2001) th a t g radually  change in to  m ixed  
b o tto m  (hard  b o tto m  w ith  m acroalgae a n d  bed rock  w ith  
pockets of soft sed im ent) in  th e  shallow  subtidal reg ion  
in  th e  m iddle  of th e  fjord (K aczm arek et al. 2005). Kelp 
forests (Alaria esculenta. Laminaria saccharina a n d  L. digi­
tata) a re  restric ted  to  sites sh e lte red  from  drifting  ice­
bergs an d  w ith  lim ited  grazing by  sea u rch in s (Lippert 
et al. 2001; H op et al. 2002).

The m e ltw a te r inflow s from  th e  K ongsfjorden glaciers 
resu lt in  a steep  g rad ien t in  b o th  th e  concen tra tio n  of 
m in e ra l suspensions a n d  th e  sed im en ta tion  rates in  th e  
w a te r  co lum n  (S vendsen  et al. 2002). The sed im en t accu ­
m u la tio n  ra te  decreases by  ab o u t one  o rder of m agn itude  
from  th e  K ongsbreen  glacial bay  (20 000 g n f 2 a-1) to  th e  
cen tra l p a rt of th e  fjord ( 1800-3800  g n r 2 a-1) and , again, 
by  a n o th e r  o rder of m ag n itu d e  tow ards th e  o u te r fjord 
(200 g n r 2 a-1; S vendsen  et al. 2002). In tensive  sed im en ­
ta tio n  resu lts in  th e  fo rm ation  of unco n so lid a ted  labile 
sed im ents (Syvitski et al. 1987). N ear-glacier sed im ents 
m ay  be  scoured  by  icebergs (of u p  to  10 m  in  heigh t) th a t 
e ith e r c irculate or stay  an ch o red  in  th e  in n e r  basin  
(D ow desw ell 8  Forsberg 1992).

The organic  m a tte r  supply  to  ben th ic  b io ta  decreases 
tow ards th e  in n e r  basin , w h e re  p rim ary  p roduc tiv ity  is
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H epibenthic sledges (30-390 m)
Ö  scuba diving (10 m)

HH transects - shallow water dredging (5-50 m) 
D baited traps (5-60 m) 

glacier front

Figure 1 Location o f sam pling stations.

lim ited  by  h igh  levels of w a te r tu rb id ity  a n d  w h e re  th e  
available organic m a tte r  is d ilu ted  by  th e  huge  m in era l 
sed im en ta tion  (G orlich et al. 1987). The o u te r fjord an d  
shelf w ate rs  a re  in fluenced  by  A tlan tic  w ate rs  an d  have  
an  e n h an ced  m arin e  organic m a tte r  supply  (W inkelm an 
& K nies 2005). The p articu la te  organ ic  carbon  (POC) 
concen tra tio n  in  K ongsfjo rden  sed im ents increases along 
th e  fjord axis from  0 .1 -0 .2  m g g_1 in  th e  K ongsbreen  g la­
cial bay  a n d  0 .3 -0 .5  m g g_1 in  B lom strandb reen  glacial 
bay  to  1 .1 -2 .4  m g g 4  in  th e  o u te r fjord an d  shelf 
sed im ents (Fetzer et al. 2002; W lodarska-K ow alczuk  & 
P earson  2004).

M aterials and methods

M ateria l w as collected d u ring  cruises w ith  th e  RV Oce­
ania  an d  land  expeditions based  a t th e  N orw egian  Polar 
In s titu te  sta tion  in  N y-À lesund d u ring  th e  su m m er 
seasons from  1996 to  2000. Sam ples w ere  collected 
th ro u g h o u t th e  fjord (Fig. 1) u sing  a range of techn iques 
(Table 1). E igh ty  q u an tita tiv e  sam ples w ere  ta k e n  using 
v an  Veen grabs, 117 sam ples w ere  collected using  qu a li­
ta tive m eth o d s (dredges, scuba-d iv ing  a n d  b a ited  traps). 
T hree replicate  sam ples w ere  collected at v an  Veen grab 
a n d  scuba-diving stations (w ith  th e  excep tion  of a  few  
v an  Veen grab stations w h e re  on ly  one  replicate  w as 
ta k e n  because  of nav igational difficulties). O ne replicate 
w as ta k e n  a t each  sta tion  sam pled  using  e ith e r an  
ep iben th ic  sledge o r ba ited  traps. E ither five o r six sam ­
ples from  sites s itua ted  a long  th e  d ep th  tran sect (5, 10, 
15, 20, 30 an d  50 m ) w ere  ta k e n  a t six stations using  a

sm all rec tan g u la r dredge. The sm all dredge, ep iben th ic  
sledge an d  ba ited  traps w ere  construc ted  w ith  1 m m  
m esh  size nets. Sam ples w ere  sieved on  e ith e r 0.5 m m  
m esh  (van  Veen grabs an d  sam ples collected by  a  diver) 
o r 1 m m  m esh  (all sam ples from  dredges a n d  baited  
traps). All an im als w ere  sorted, iden tified  to  th e  low est 
possible taxonom ic  level a n d  coun ted . Som e individuals 
could n o t be iden tified  to  species level as e ith e r th e  
shells w ere  dam aged  or th e  organ ism s w ere  ju v en ile  an d  
specific traits w ere  n o t fully developed. The species 
nam es a n d  tax o n o m ic  affiliations a re  consisten t w ith  
th e  E u ro p ean  R egister of M arine  Species (available at 
w w w .m arb ef .o rg /d a ta /e rm s.p h p ).

The n u m b e r of observed  species (Sobs) w as p lo tted  as 
a fu n c tio n  of th e  sam pling effort. A species a ccu m u la ­
tion  curve w ith  95%  confidence in tervals w as com ­
p u te d  using th e  fo rm u lae  of C olw ell et al. (2004). Two 
a lte rna tive  approaches can  be applied  to  estim ate  tru e  
species richness: th e  ex trap o la tio n  of th e  accu m u la tio n  
curve (to p red ict a n  asym pto te); n o n -p a ram e tric  te c h ­
n iques based  on  th e  concept th a t ra re  an d  u n co m m o n  
species carry  in fo rm a tio n  ab o u t th e  n u m b e r of species 
m issing in  sam ples. The M ichaelis-M en ten  (MM) fu n c ­
tion  w as u sed  to  g en era te  an  asym pto tic  curve th a t fit­
ted  th e  species accu m u la tio n  cu rve (M agurran  2004). 
Chao2, a  n o n -p a ram e tric  estim ato r based  on  species 
occurrence data  (Chao2 = Sobs + Qi2I2Q2, w h e re  Q! is th e  
n u m b e r of species th a t occur in  ju s t one  sam ple an d  Q2 
is th e  n u m b e r of species th a t occur in  exactly  tw o  sam ­
ples) w as also calcu lated  (C hao 2004). The M M  a sym p­
to te  estim ation  an d  Chao2, a long  w ith  log-linear 95%
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Table 1 S am p l in g  e ffort  a n d  b as ic  In format ion  on  s a m p l e s  u s e d  In t h e  Kongsf jo rden  m o l lu sc  study. The t a b le  Includes  r e f e r e n c e s  t o  p a p e r s  with  detai l s  

of s am p l in g  m e t h o d s  a n d  t h e  lo ca t ions  of s ta t io ns .

S a m p l ln g y e a r Sam p l in g  g e a r

N u m b e r  of 

s ta t io ns

N u m b e r  of 

s a m p le s D e p th s  (m) R efe re n ce

1997 van Veen grab , c a tc h in g  a re a  of 0.1 n r 14 33 3 8 - 3 8 0 W lodarska-Kow alczuk & P e a rs o n  2 0 0 4

1998 16 47 4 0 - 3 5 5

1996 E piben th ic  s le d g e 9 9 3 0 - 3 0 0 —
1997 8 8 3 5 - 3 9 0

1999 12 12 3 5 - 3 0 0

20 0 0 5 5 1 4 0 - 3 3 0

1999 Small r e c t a n g u la r  d r e d g e  (80 x  3 0  cm) 6 32 5 - 5 0 Kaczm arek  e t  al. 2 00 5

2001 Collect ion by diver, f r a m e  0 .2 5  m 2 9 27 10 Ku kl In ski & P o r te r  20 0 4

1 9 9 8 - 2 0 0 0 Bai ted t r a p s 24 24 5 - 6 0 Legezynska  2001,  2002

confidence in tervals as suggested  by  C hao (1987), w ere  
co m pu ted  using  E s t i m a t e s  (C olw ell 2 0 0 5 ) .

C onstra ined  o rd in a tio n  techn iques w ere  used  to  explore 
th e  re la tionsh ip  b e tw een  m ollusc species d is tribu tion  
a n d  e n v iro n m en ta l settings (ter B raak  & S m ilauer 2 0 0 2 ) .  

The data  collected using  qu an tita tiv e  (van  Veen grabs) 
a n d  qualita tive  (dredges an d  scuba-diving) m e th o d s  w ere  
tre a ted  separately. The m a te ria l o b ta ined  w ith  baited  traps 
differed m u ch  from  o th e r sam ples a n d  w as n o t considered 
in  th e  analyses. O nly  p resence /absence  data  w ere  used  
for qualita tive  m ateria l. The q u an tita tiv e  data  (van Veen 
grabs) w ere  sq u are -ro o t tran sfo rm ed  p rio r to  analyses. 
The set of e n v iro n m en ta l variables u sed  in  th e  analyses 
of qualita tive  m ollusc sam ples inc luded  dep th , long itude 
(as a p ro x y  for d istance to  th e  glacier) an d  six no m in a l 
variables, nam ely, p resence  of rock, m ud , sand, gravel, 
kelp  an d  d rop  stones. The analyses of th e  grab da ta  w ere  
pe rfo rm ed  on ly  w ith  da ta  from  a 1998 ben th ic  cruise. The 
fo llow ing en v iro n m en ta l variables w ere  recorded: dep th , 
long itude  (as a p ro x y  for d istance to  th e  glacier), te m p e r­
a tu re  an d  salin ity  of th e  w a te r n e a r th e  bo ttom , co n cen ­
tra tio n  of m in e ra l an d  organic suspensions in  surface 
w aters , occurrence of d rop stones, p e rcen tage  of gravel, 
sand, silt a n d  clay, m e a n  g ra in  size an d  th e  co ncen tra tion  
of POC a n d  th e  POC : p articu la te  organic n itro g en  co n cen ­
tra tio n  in  sed im en t (PON) ratio  in  sedim ents.

The resu lts of a p re lim in a ry  d e -tren d ed  correspondence  
analysis (DCA) p o in ted  to  canonical correspondence  
analyses (CCA) as th e  m ost app rop ria te  for th e  qualita tive 
data, an d  to  re d u n d an cy  analyses (RDA) as th e  best 
su ited  for th e  grab da ta  (ter B raak  & Sm ilauer 2 0 0 2 ) .  The 
fo rw ard  selection  of e n v iro n m en ta l variables w as u sed  to 
iden tify  a n d  ra n k  th e ir  im portance  of variables in  d e te r­
m in ing  th e  species d is tribu tion  (ter B raak  & Sm ilauer 
2 0 0 2 ) .  The fo rw ard  selection  m e th o d  perfo rm s th e  fo l­
low ing  functionsfit estim ates th e  fit of each  variable sepa­
ra te ly  (m arg inal effects); it selects th e  best variable; a n d  it 
ranks all th e  rem ain in g  variables on  th e  basis of th e  fit 
th a t each  variable gives in  co n ju n c tio n  w ith  th e  selected

variable(s) (cond itional effects). In  th e  case of grab data, a 
subset of best fitted  variables w as selected. The selection 
of best fitted  variables w as pe rfo rm ed  via rep ea ted  fo r­
w a rd  selection  analyses an d  th e  progressive e lim ination  
of variables w ith  non -sign ifican t cond itiona l effects u n til 
a  set of variables w ith  on ly  significant effects w as 
a tta in ed . The significance of th e  o rd in a tio n  axis in  CCA 
a n d  in  RDA, a n d  th e  effects of e n v iro n m en ta l variables, 
w ere  tes ted  em ploying  M o n te  Carlo p e rm u ta tio n  tests 
using  499 u n res tric ted  p e rm u ta tio n s . The analyses w ere  
carried  ou t using  C a n o c o  v .  4.5 softw are (ter B raak  & 
S m ilauer 2002).

C lustering  (using g roup -average  linking) of Bray- 
C urtis sim ilarities w as u sed  to  visualize th e  p a tte rn s  of 
m ollusc d istribu tion . A gain p resen ce /ab sen ce  qualita tive 
data  an d  square  roo t tran sfo rm ed  q u an tita tiv e  data  w ere  
used . B ased on  th e  resu lting  dendrogram s, groups of sam ­
ples of sim ilar com position  (m ollusc associations) w ere  
d istinguished.

The frequency, dom inance , average ab u n d an ce  and  
indices of th e  co m m u n ity  fidelity  (Salzw edel et al. 1985) 
of each  species w ere  calcu lated  for m ollusc associations 
defined  by  m u ltivaria te  analyses. The indices of fidelity  
inc luded  DAS (degree of association  regard ing  stations,
i.e. th e  n u m b e r of sta tions w ith in  th e  association  a t w h ich  
th e  species concerned  occurred  as th e  percen tage  of th e  
to ta l n u m b e r of sta tions a t w h ich  th is species occurred) 
a n d  D AI (degree of association  regard ing  individuals, i.e. 
th e  n u m b e r of ind iv iduals of th e  species concerned  
w ith in  th e  g roup  as a  percen tage  of th e  n u m b e r of in d i­
v iduals of th a t species fo u n d  in  th e  w h o le  study  area) 
(Salzw edel et al. 1985). The fo llow ing criteria  h ave  b een  
u sed  to  select th e  species th a t a re  th e  best descriptors 
of th e  associations o n  th e  soft bo ttom : typical species 
(frequency  > 75% , d om inance  > 2% ) a n d  characteristic 
species (typical + e ith e r D AI or DAS > 60% ). In  th e  case of 
qualita tive  data  on ly  freq u en cy  an d  DAS w as considered, 
a n d  species of frequency  > 25%  an d  DAS > 6 0 %  w ere  
regarded  as characteristic species.
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Figure 2 S p ec i e s  ac cu m u la t io n  cu rves  p lo t ted  

for o b s e r v e d  n u m b e r  of s p e c i e s  (S0b.J a n d  th e  

t r u e  n u m b e r  of s p e c i e s  e s t i m a t e d  us in g  C hao2  

a n d  t h e  M lchaell s -M ente n  (MM) eq u a t io n .  Sob, 
a n d  C hao2  a r e  p lo t te d  with  0 .9 5  co n f id en ce  

Intervals.

The differences in  N  (n u m b e r of ind iv iduals p e r  sam ple) 
b e tw een  associations d is tingu ished  based  on  grab sam ples 
w ere  tes ted  using  th e  n o n -p a ram e tric  K ruskal-W allis test, 
as even  a fter tran sfo rm atio n  variances could  n o t be 
hom ogen ized . Post-hoc testing  of differences b e tw een  
pairs of associations w as p e rfo rm ed  using  pair-w ise 
M an n -W h itn e y  U tests. Species richness defined  as th e  
to ta l n u m b e r of species in  a  sam ple (SP), species diversity  
m easu red  using  th e  S han n o n -W ien er in d ex  (H) a n d  th e  
evenness (equitability) of d is tribu tion  of individuals 
b e tw een  species as estim ated  by  th e  P ielou  in d ex  ( J) w ere  
calculated  for q u an tita tiv e  sam ples. The differences in  SP, 
PI a n d  J  b e tw een  th e  associations w ere  tes ted  using  a o n e ­
w ay  A N O V A . The F isher's LSD (least significant difference) 
tests w ere  u sed  for p o st-hoc  m u ltip le  com parisons.

To explore th e  taxonom ic  d iversity  of sam ples, tw o 
m easures of tax o n o m ic  d is tinctness w ere  calculated: avTD 
(average taxonom ic  d istinctness of p resence /absence  
data) a n d  varTD (varia tion  in  tax o n o m ic  distinctness) 
(C larke & W arw ick  2001). The tax o n o m ic  d iversity  m e a ­
sures differ from  o th e r m etrics of species richness an d  
species diversity, because  th e y  inc lude  in fo rm atio n  o n  th e  
taxonom ic  position  of species. avTD describes th e  average 
taxonom ic  d istance (the  "path  leng th" b e tw een  tw o  spe­
cies fo llow ing L innean  taxonom y) of all th e  species in  th e  
association. varTD is defined  as th e  variance  of th e  ta x o ­
nom ic  distances b e tw een  all pairs of species in  th e  associ­
a tion . Five taxonom ic  levels w ere  u sed  in  calculations: 
species, genus, family, o rder a n d  class, an d  equa l step 
levels b e tw een  successive tax o n o m ic  levels w ere  
assum ed. The differences b e tw een  so ft-bo ttom  associa­
tions in  AvTD  a n d  varTD w ere  iden tified  w ith  th e  use  of a 
on e -w ay  a n o v a . The p ost-hoc  testing  w as carried  ou t 
using  F isher's LSD tests.

Results

The m a te ria l co n ta in ed  35 398 ind iv idual m olluscs re p ­
re sen ting  87 species of 56 gen era  a n d  43 fam ilies. O ne

species of C audofoveata , five species of P olyplacophora, 
38 species of G astropoda an d  43 species of Bivalvia 
w ere  recorded . A full tax o n o m ic  list is p re sen ted  in  th e  
A ppendix . The species accu m u la tio n  curves ten d ed  to 
stabilize tow ards a n  asym pto tic  va lue  in  th e  cases of 
b o th  th e  observed  an d  th e  estim ated  n u m b ers  of species 
(Fig. 2). The M M  e s tim ato r of th e  asym pto tic  va lue  of 
to ta l species richness gave 93 species. Chaoi gave an  
estim ate of 99 species (w ith  95%  confidence in tervals 
from  93 to 117).

The shallow  w aters  of th e  K ongsbreen  glacial bay  w ere  
very  p o o r in  th e  n u m b ers  of m olluscs: sam ples collected 
by  scuba-diving a t 10 m  an d  in  b a ited  traps dep loyed  at 
dep ths from  5 to  50 m  yielded no  m ollusc specim ens. 
Sam ples collected w ith  sm all dredges a t 5 -15  m  co n ­
ta in ed  on ly  a few  specim ens. Sam ples from  baited  traps 
located  a long  th e  coast in  th e  cen tra l an d  o u te r parts  of 
th e  fjord co n ta in ed  on ly  scavenging buccin id  gastropods 
(Buccinum glaciale, B. undatum, B. scalariforme, B. polare 
an d  Colus kroeyeri).

Species-environment relationship

In  th e  CCA of qualita tive data  th e  first tw o  o rd in a tio n  
axes exp la ined  ab o u t 50%  of th e  variance  of th e  species- 
e n v iro n m en t re la tionsh ip . The first canonical axis w as 
significant a t P =  0.002, th e  second  axis w as n o t signifi­
can t (P > 0 .05). The occurrence  of rock  a n d  m u d  w as 
significantly  co rre la ted  to  th e  first axis (0.85 a n d  -0 .8 0 , 
respectively, Fig. 3). Five variables w ere  selected  as signif­
ican t p red ictors of species d is tribu tion  by  th e  fo rw ard  
selection  analyses: rock, dep th , m ud , g ravel an d  sand  
(Table 2). Two groups of species can be de linea ted  o n  th e  
CCA diagram : species situa ted  on  th e  le f t-h an d  side of 
th e  d iagram  w ith  a n  occurrence  restric ted  to  m u d d y  sed i­
m en ts  ( Y. solidula, Y. lenticula. Thyasira dunbari. Nuculana  
pernula. Ciliatocardium ciliatum. Frigidoalvania cruenta. 
Ennucula tenuis. Arctinula groenlandica an d  Y. hyperborea); 
species s itua ted  on  r ig h t-h a n d  side of th e  plot, w ith  an
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Figure 3 O rd inat ion  d ia g ram  b a s e d  on  t h e  canon ica l  c o r r e s p o n d e n c e  

an a ly s e s  of  m ol lu sc  s p e c i e s  o c c u r r e n c e s  with  r e s p e c t  to  en v i ron m en ta l  

va r iab les  In Kongsfo rden . Circles r e p r e s e n t  ce n t ro id s  of  d u m m y  variables , 

a r ro w s  a r e  linear va r iab le s  a n d  t r i ang le s  a re  sp ec i e s .  Only s p e c i e s  with  a 

10% m in im u m  fit to  t h e  lo w er  axis a re  p lo t ted .  T h e  s p e c i e s  n a m e s  are  

c o d e d  by t h e  first t h r e e  l e t te rs  of t h e  g e n e r i c  a n d  specific n a m e  (for 

sp e c i e s  n a m e s  c o n s u l t  t h e  Append ix) .

affin ity  to  occurrence at th e  h a rd  bo tto m  (Erginus rubellus. 
Margarites groenlandicus. Tonicella rubra, T. marmorea. Bucci­
num  glaciale. Puncturella noachina. Oenopota pyramidalis. 
Mysella sovaliki a n d  Moelleria costulata). Margarites helicinus 
w as p laced close to  th e  kelp variable centro id . Bathyarca 
glacialis a n d  Frigidoalvania janm ayeni w ere  located  close to 
th e  drop stones centro id .

In  th e  RDA of grab data  th e  first tw o  o rd in a tio n  axes 
w ere  significant (P = 0 .002) an d  exp la ined  ab o u t 89%  of 
th e  variance  of th e  sp ec ie s-en v iro n m en t re la tionsh ip . A 
th ird  axis w as n o t significant (P > 0 .05). The co n cen tra ­
tio n  of silt (0.68) a n d  th e  long itude  (0.62) h a d  th e  h ighest 
positive co rre la tion  to  th e  first axis (Fig. 4a). The salinity  
a t th e  b o tto m  w as negative ly  co rre la ted  to  th e  first axis 
(-0 .6 3 ). The te m p e ra tu re  a t th e  b o tto m  w as negatively  
co rre la ted  to  th e  second  axis (-0 .63 ). F orw ard  selection, 
app lied  to  th e  full set of e n v iro n m en ta l variables consid ­
ered, d iscrim inated  10 variables w ith  significant co n d i­
tio n a l effects (Table 2). The sm all cond itional effect of 
long itude , tem p era tu re , salin ity  an d  sand  com pared  w ith  
th e ir  large m arg ina l effect resu lts from  th e  h igh  co rre la ­
tio n  of these  variables to silt concen tra tion . The ex tra  fit 
of th e  variables m en tio n ed  above is very  sm all, as a  large

Table 2 Marginal a n d  condi tiona l effec ts  o b ta in e d  f ro m  t h e  fo rw ard  

s e lec t io n  of en v i ro n m en ta l  var iab les . X, Is a fit with  an  e igen  value  with 

o n e  var iab le  only, XA Is an  addi tiona l fit with  an I n c rea se  In t h e  e ig en  value, 

P Is t h e  s igni f icance  level o b ta in e d  with  a M o n te  Carlo s im ula tion  us in g  

4 9 9  u n r e s t r i c te d  p e r m u ta t io n s .

Variable

Margina l e ffec ts  

X,

Condit iona l ef fec ts

% P

Q u a lita tiv e  d a ta

Rock 0 .5 2 0 .52 0 .0 0 2

D epth 0.31 0 .26 0 .0 1 2

Mud 0 .4 9 0.21 0 .0 3 4

Gravel 0 .2 5 0.21 0 .0 2 2

Sand 0 .2 5 0.2 0 .0 3 4

Kelp 0 .1 4 0 .1 4 0 .1 0 2

Longi tu de 0.31 0.13 0 .08

Drop s to n e s 0 .23 0 .08 0 .5 7 4

G rab d a ta

Slit 0 .2 9 0 .29 0 .0 0 2

T e m p e r a tu r e 0 .2 8 0 .08 0 .0 0 4

Mineral s u s p e n s i o n s 0 .13 0.13 0 .0 0 2

D epth 0 .1 6 0 .05 0 .0 0 4

POC/PON 0 .0 2 0.03 0 .0 1 8

Organ ic  s u s p e n s i o n s 0 .1 4 0 .0 4 0 .0 0 4

Drop s to n e s 0 .03 0 .02 0 .0 6 6

Salinity 0 .2 2 0.03 0 .0 1 8

Gravel 0 .1 0 0.03 0 .0 2 2

POC 0 .1 9 0 .05 0 .0 0 2

Longi tu de 0 .2 6 0.03 0 .0 0 8

Sand 0 .2 6 0 .02 0 .0 0 2

M ean  grain size 0 .1 0 0.01 0 .0 4

POC, p articu la te  o rganic  ca rb o n  co n cen tra tio n  in sed im en t; PON, p articu la te  

o rganic  co n cen tra tio n  in sed im en t

p a rt of th e  effect is a lready  exp la ined  by  a  strongly  co- 
vary ing  variable: silt. Five en v iro n m en ta l variables w ere  
selected  in  rep ea ted  fo rw ard  selection  analyses by  p ro ­
gressive e lim ina tion  of th e  variables w ith  non-sign ifican t 
cond itional effects: silt, tem p era tu re , m in e ra l a n d  organic 
suspensions an d  PO C/PON  in  sed im ents. T hree groups of 
species can  be d is tingu ished  o n  th e  RDA diagram : ( 1 ) 
species th a t co rre la ted  positively  w ith  silt, m in e ra l su s­
pensions a n d  long itude  (Y. solidula, Y. lenticula an d  T. dun­
bari); (2) species th a t co rre la ted  negatively  w ith  long itude 
(d istance a long  th e  fjord) a n d  its co-variables (Lepeta 
caeca, Margarites costalis an d  Ischnochiton albus); (3) species 
n o t co rre la ted  to  e n v iro n m en ta l variables considered  in 
th e  analyses (Mya truncata, Y. hyperborea an d  T. gouldi).

Molluscan associations

F o u r groups of sta tions w ere  d is tingu ished  on  th e  d e n ­
drogram  resu lting  from  clustering  th e  p resence /absence  
data  from  sam ples ta k e n  by  qualita tive m eth o d s (Fig. 5): 
(1) ROCK, sam ples collected a t shallow  stations (5 -2 0  m) 
s itua ted  o n  rocky  shelves a t tw o  K ongsfjorden  capes
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(K vadehuken  an d  K app Guissez); (2) KELP, sam ples 
collected in  th e  shallow  sub litto ral on  d ifferent types of 
bo tto m  covered  w ith  kelp (L. saccharina, L. digitata an d  
A. esculenta)', (3) SEDIMENT, sam ples collected on  soft
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Figure 4 O rdinat ion  d iag ram  b a s e d  on r e d u n d a n c y  ana ly ses  of s q u a r e  

r o o t  t r a n s f o r m e d  m o l lu sc  s p e c i e s  d en s i t ie s  In g rab  s a m p l e s  with  r e s p e c t  

to  en v i ro n m en ta l  var iables . Circles r e p r e s e n t  ce n t ro id s  of d u m m y  vari­

ab les , smal l a r r o w h e a d s  Ind ic a te  s p e c i e s  a n d  la rge a r r o w h e a d s  Indic a te  

linear va ri ab le s . Only s p e c i e s  with  a 5% m in im u m  fit to  t h e  lower  axis a re  

p lo t ted .  T he  s p e c i e s  n a m e s  a re  c o d e d  by t h e  first t h r e e  le tte rs  of t h e  

g e n e r i c  an d  specific n a m e  (for sp e c i e s  n a m e s  co n s u l t t h e A p p e n d l x ) .  POC, 

p a r t i cu l a te  o rgan ic  c a rb o n  c o n c e n t r a t io n  In se d im e n ts ;  POC/PON, p ar t ic ­

u la te  o rg an ic  c a r b o n /p a r t l c u la te  o rg an ic  n i t rog en  ratio; Mz, m e a n  grain 

size In s ed im en ts .

bo tto m  a t dep ths rang ing  from  5 to  300 m; an d  (4) 
GRAVEL, sam ples collected o n  g ravel/stones a t th e  
en tran ce  of th e  fjord (dep ths below  150 m ).

T here w ere  six species characteristic  for th e  ROCK asso ­
ciation: th e  ch itons T. rubra a n d  T. marmorea', th e  g astro ­
pods M. costulata, P. noachina an d  M. groenlandicus', an d  th e  
bivalves Crenella decussata a n d  M. sovaliki (Table 3). O nly 
th e  gastropod  M. helicinus could  be classified as cha rac te r­
istic for th e  g roup  of sam ples collected a t sites w ith  kelp. 
The gastropods Lepeta caeca, Margarites costalis a n d  Trophon 
clathratus an d  th e  ch ito n  Ischnochiton albus w ere  cha rac te r­
istic for th e  GRAVEL association. T h irteen  species could be 
iden tified  as characteristic  for th e  SEDIMENT  association  
(Table 3).

Five groups of sam ples could  be  d is tingu ished  o n  th e  
d end rog ram  of B ray-C urtis sim ilarities of square -roo t 
tran sfo rm ed  qu an tita tiv e  data  (Fig. 6): (1) G l, sam ples 
collected in  th e  K ongsbreen  glacial bay; (2) G2, sam ples 
collected in  th e  B lom strandb reen  glacial bay; (3) CB, sam ­
ples collected in  th e  cen tra l basin; (4) CD, a  sm all n u m b e r 
of sta tions in  th e  cen tra l basin  w h e re  drop stones w ere  
com m on; (5) CE, sam ples from  th re e  stations s itua ted  at 
th e  m o u th  of th e  fjord.

The m olluscs of th e  K ongsbreen  glacial bay  (Gl)  w ere  
d o m in a ted  by  th e  bivalves Y. solidula, Y. lenticula an d  T. 
dunbari (Table 4). B o th  species of Yoldiella w ere  also 
n u m ero u s  in  th e  glacial bay  of th e  B lom stranb reen  (G2), 
b u t th e  characteristic  species of th is association  inc luded  
on ly  Y. hyperborea, A. orbiculata an d  Thyasira gouldi. All th e  
species a lready  m en tio n ed  w ere  also p resen t, a lth o u g h  
m u ch  less n u m ero u s , in  th e  CB association , w h e re  Chaeto­
derma nitidulum  w as th e  characteristic  species. B. glacialis

O

-se d im e n t

-g ra v e l

-  rock
-  kelp

40  80
Bray-Curtls similarity

(% )

O sediment

gravel

■ kelp

# rock

O  (7
Figure 5 Distribu tion  of a s s o c ia t io n s  d is tin­

g u is h ed  on  a d e n d r o g r a m ,  p lo t ted  us in g  th e  

g r o u p  a v e ra g e  linking of  Bray-Curtls similarities 

of p r e s e n c e / a b s e n c e  d a t a  of s p e c i e s  o cc u r ­

r e n c e s  In s a m p l e s  taken  us in g  qual ita tive  m e t h ­

o d s  (d red g es  an d  scuba-div ing).  Th e  simplified 

d e n d r o g r a m  Is p r e s e n t e d .

5 4 Polar R esearch  2 6  (2007) 4 8 - 6 3  © 2007 The A uthor



M . W lod a rska -K ow a lczuk M olluscs In K ongsfjo rden  (Spitsbergen, Svalbard)

Table 3 The m o s t  c o m m o n  s p e c i e s  in as s o c ia t io n s  d is t in gu ish ed  in mult ivariat e ana ly ses  of qual ita tive da ta .  F is f r e q u e n c y  (%), N l is n u m b e r  of  all 

individuals. S p e c i e s  with  f r e q u e n c y  e x c e e d in g  25% a re  p r e s e n t e d .  C harac te r i s t ic  s p e c i e s  [ d eg ree  of a s so c ia t io n  reg a rd in g  s ta t io n s  (DAS) e x c e e d in g  50%] 

a r e  in bold face .

ROCK KELP GRAVEL SEDIMENT

N l F N l F N l F N l F

Tonicella rubra 113 78 1 5 1 17 1 3

Crenella decussata 92 33 2 3

Moelleria costulata 48 33 1 3

M ysella sovaliki 51 33
Puncturella noachina 8 33
Margarites groenlandicus 14 78 12 25 32 3

A s ta r te  b o re a lis 34 33 35 15

C ingu la  ca s ta n e a 11 33 3 5 3 5

Erg inus ru b e llu s 90 89 19 35 2 3

H ia te lla  a rc tic a 45 89 18 35 29 67 4 4 28

Tonicella marmorea 39 56 5 5 48 33

Margarites helicinus 11 22 3316 95 15 10

Lepeta caeca 16 83
A s ta r te  m o n ta g u i 6 50 69 20

Margarites costalis 2 33
Ischnochiton albus 13 22 13 17
Trophon clathratus 2 33 1 3

Yoldiella solidula 1 17 2479 68
Yoldiella lenticula 7333 73
Nuculana pernula 1837 78
Arctinula groenlandica 869 63
Mya truncata 34 33 7 20 351 60
Ennucula tenuis 1 11 1 5 1448 55
Ciliatocardium ciliatum 219 50
Thyasira dunbari 418 43
Frigidoalvania cruenta 6 17 344 40
Axinopsida orbiculata 15 22 1129 38
Bathyarca glacialis 5 17 304 38
M acoma calcarea 2 11 12 17 302 33
Cuspidaria subtorta 381 28

Figure 6 Dis tribu tion of a s s o c ia t io n s  dis tin­

g u i s h e d  on  a d e n d r o g r a m ,  p lo t ted  u s in g  th e  

g r o u p  a v e ra g e  linking of Bray-Curtis similarities 

of s q u a r e  r o o t  t r a n s f o r m e d  d en s i t i e s  of  sp ec i e s  

in q u a n t i ta t iv e  s a m p l e s  fr om  th e  so f t  b o t t o m .  

T he  simplified d e n d r o g r a m  is p r e s e n t e d .

40

G1 G2 CB CE CD

glacial bays associations 
♦  G1 4 G2

central basin associations 
O  CD CB 9  C E
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Table 4 The  d o m i n a n t  s p e c i e s  In m ol lu sc  as s o c ia t io n s  a t  t h e  so f t  b o t t o m .  D Is d o m i n a n c e  (%), a vN  Is av e ra g e  den s i t y  (Ind./0.1 n r ) .  Th e  five m o s t  a b u n d a n t  

s p e c i e s  a re  p r e s e n t e d  for ea c h  assoc ia t ion . C h arac te r i s t ic  sp e c i e s  [e ithe r d e g r e e  of as so c ia t io n  r e g a r d in g  Individuals (DAI) o r  DAS > 60%] a re  In bold fa ce .

G1 G2 CB CD CE

avN D avN D a v N D avN D avN D

Yoldiella solidula 116.0 54 24 .2 6 5.2 16 0.3 1 0.3 1

Yoldiella lenticula 53.0 25 9.0 2 7.7 2 4 0.5 2 0.1 1

Thyasira dunbari 24.7 12 1.0 0 0.2 1 0.3 1 0.1 1

E n nucu la  tenu is 8.7 4 29 .0 8 2.3 7 1.1 4

N u cu la n a  p e rn u la 3 .6 2 15.8 4 2.7 8 0.9 3

Axinopsida orbiculata 1.0 1 177.2 46 0.6 2 0.5 2

Yoldia hyperborea 0.1 0 48.3 13 0.2 1

Thyasira gouldi 48.2 12 0.1 0 2.8 10

M a c o m a  ca lca re a 0.1 0 8.7 2 0.2 1 8.3 30

F rig id o a lv a n ia  c ru e n ta 0.5 0 6.3 2 2.0 6

Chaetoderma nitidulum 0.9 0 0.7 0 3.7 11 1.8 6 1.1 4

Bathyarca glacialis 0.1 0 2.3 7 23.3 78
F rig id o a lv a n ia  ja n m a y e n i 1.4 4 2.0 7

O e n o p o ta  sp. 0.0 0 0.4 1 1.5 5

Lepeta caeca 0.7 2 8.0 29

glacial bays central basin glacial bays central basin
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o
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Figure 7 Density  (N, n u m b e r  of Individuals  p e r  0.1 n r )  a n d  diversi ty (SP, 

n u m b e r  of s p e c i e s  p e r  sam ple ;  H, S h a n n o n -W ie n e r  Index; J, Plelou Index; 

avTD, av e ra g e  t a x o n o m ic  d is t inc tn ess ;  varTD, va r ian ce  of t a x o n o m ic  

d is tinc tn ess )  In m ol lu sc  a s s e m b l a g e s  of t h e  so f t  b o t t o m  (m ean  a n d  95% 

co n f id en ce  Intervals).

w as b o th  th e  m ost ab u n d a n t an d  characteristic  species in  
th e  CD association, w h ereas th e  gastropod  L. caeca w as 
characteristic  for th e  CE association. E. tenuis, N. pernula  
an d  Macoma calcarea w ere  n o t characteristic  for an y  of th e  
associations— th e y  w ere  com m on  in  soft sed im ents all 
over th e  fjord.

Density and diversity in the quantitative samples 
from the soft bottom

The n u m b e r of indiv iduals (N) w as significantly  h ig h er in  
th e  glacial bays (214 ind ./O .l m 2 on  average in  Gl, 
387 ind ./O .l m 2 in  G2) th a n  in  th e  cen tra l basin  associa­
tions (32 ind ./O .l m 2 in  CB, 40 ind ./O .l m 2 in  CD, 27 ind ./ 
0.1 m 2 in  CE; Fig. 7). SP w as a t th e  h ighest level an d  
significantly  d ifferen t from  m ost o th e r assem blages in  G2 
(Fig. 7; Table 5). 77 w as h ig h e r in  G2, CB an d  CD th a n  in  
Gl an d  CE. J  w as low er in  glacial bays (Gl an d  G2) th a n  in  
th e  cen tra l basin  assem blages, CB, CD a n d  CE. avTD  w as 
significantly  low er in  glacial bays (Gl an d  G2) th a n  in  th e  
cen tra l basin  assem blages (CB, CD an d  CE; Fig. 7; Table 5 ). 
T here w as no  significant difference in  varTD  a t P < 0.05 
(one-w ay  a n o v a ) .

Discussion

The survey  of K ongsfjorden m olluscs y ielded 87 m ollusc 
species. Rozycki (1991) rep o rted  39 m ollusc species in  
18 sam ples collected in  K ongsfjorden in  1988. His list 
inc luded  n in e  species (Littorina saxatilis. Nucella lapillus.
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Table 5 Results  of Kruskal-Wallls t e s t  c o m p a r in g  den s i ty  (N, n u m b e r  of 

Individuals p e r  0.1 n r )  a n d  a n o v a  c o m p a r in g  diversi ty m e a s u r e s  (SP Is th e  

n u m b e r  of s p e c i e s  p e r  s am p le ,  H  Is S h an n o n -W ien e r  Index, J Is Plelou 

Index, avTD  Is av e ra g e  t a x o n o m ic  d is t in c tn e ss ,  varTD  Is v a r i an ce  of ta x o ­

no m ic  d is t inc tness )  of m ol lu sc  a s s o c ia t io n s  a t  t h e  so f t  b o t t o m .  Pairwise 

co n t r a s t s  d e t e r m i n e d  by M ann-W hltn ey  U t e s t s  for  N  an d  p o s t - h o c  

F is her ’s LSD t e s t s  for SP, H ,J  an d  avTD. G1 an d  G2 a r e  glacial b ay  as s o c i a ­

tions,  CB, CE a n d  CD a r e  ce ntra l bas in  a s so c ia t io n s .

F o r H P

Significant c o n t r a s t s  In pai rs  of 

a s s e m b l a g e s  ( a t P  < 0.05)

N 4 7 .5  (H) 0 .0 0 0 G l, G2 >  CB, CD, Ce; G 2 > G 1

SP 13.0 (F) 0 .0 0 0 G2 >  G1, Cb, Cd, Ce; G1 ,Cd >  CE; CD > CB

H 9 .4  (F) 0 .0 0 0 G1 <  Cb, Cd, G2; Cb <  CD', CD, G2 > Ce

J 13.9 (F) 0 .0 0 0 G l, G2 <  Cb,Cd, Ce

avTD 17.2 (F) 0 .0 0 0 G1,G2 < C b,C d, Ce

varTD 1.1 (F) 0 .3 8 2 —

Buccinum hydrophanum, Colus latericus. Turbonilla inter­
rupta, Thyasira ferruginea. Macoma loveni. Kellyella miliaris 
a n d  Poromya subtorta) th a t w ere  absen t in  m a teria l I have  
stud ied  here . C om bin ing  th e  data, th e re  have  b een  96 
species reco rded  in  K ongsfjorden to  date. This n u m b e r of 
species lies w ith in  th e  confidence in te rv a l of th e  Chaoi 
estim ate  of th e  tru e  species richness in  th e  fjord, an d  is a 
q u a rte r  of all th e  Arctic species (436 species of m olluscs, 
exclud ing  N ud ib ranch ia  a n d  C ephalopoda) listed by 
S irenko (2001). It is difficult to  com pare th e  assessm ent 
of K onsfjorden  m olluscan  species richness to  o th e r Arctic 
localities as th e re  are  few  studies of com parative sam pling 
effort covering  th e  full range  of fjordic hab ita ts  and  
dep ths. S eventy  n in e  m ollusc species w ere  iden tified  in 
106 b en th ic  sam ples collected w ith  th e  use  of grabs and  
dredges at dep th s from  2 to  190 m  in  Jo rg en  B ron lund  
Fjord, N orth  G reen land  (Schiotte 1989). O nly 26 m ollusc 
species w ere  fo u n d  in  27 dredge sam ples in  E xpedition  
Fiord, N orthw est Territories, C anada (A itken & G ilbert 
1996). O d h n er (1915) reco rded  130 m ollusc species 
(cephalopods an d  n u d ib ran ch s excluded) in  a  co m p re­
hensive  study  of Isfjorden (w est Spitsbergen) based  on  
130 stations sam pled  w ith  various dredges a t dep th s ra n g ­
ing  from  2 to  406 m . Rozycki (1993) added  a n o th e r  n in e  
b ivalve species to  O d hner's  list. Isfjorden is ab o u t fou r 
tim es longer an d  m u ch  larger in  a rea  th a n  K ongsfjorden, 
so it can  host a h ig h e r n u m b e r of species, b u t its species 
richness is neverthe less  dram atically  low er th a n  th a t 
fo u n d  in  low er la titude  sites of a sim ilar area. A species 
in v en to ry  of a  trop ical coastal site w ith  an  a rea  of 
295 k m 2 off th e  coast of N ew  C aledonia  reco rded  as m an y  
as 2738 species of m arin e  m olluscs (B ouchet et al. 2002). 
The d ifferences b e tw e e n  th e  m ollusc species richness in 
p o la r an d  trop ical sites are  eno rm ous. The h u g e  la titu d i­
n a l cline of diversity, m ore  p ro n o u n ced  in  m olluscs th a n  
in  som e o th e r taxa, m ay  be re la ted  to  th e  increased  cost of

calcification in  low  tem p era tu res , as suggested b y  C larke 
(1992).

The m ajo rity  of m ollusc species in  K ongsfjorden 
show ed  strong  p references tow ards a single su b stra tu m  
type; on ly  a few  (e.g. Hiatella arctica a n d  Mya truncata) 
w ere  a b u n d a n t b o th  on  soft a n d  h a rd  substrata . The 
m a jo r d iscon tinu ity  in  m ollusc species d is tribu tions sepa­
ra ted  th e  b io ta  of rocky  shelves, g ravel beds an d  th e  soft 
bo ttom . M ultivaria te  analyses d is tingu ished  th e  kelp 
associated  fau n a  as th e  fo u r th  association, b u t kelp bed  
sam ples differed from  th e  rocky  shelf m a teria l m ostly  in 
th e  com m on  occurrence  a n d  d om inance  of M. helicinus, a 
w e ll-k n o w n  dw eller of kelp cauloids an d  phyllo ids in  th e  
shallow  w aters  of Spitsbergen (Rozycki & G ruszczynski 
1986). The substrate  d ictates th e  tax o n o m ic  an d  fu n c ­
tio n a l o rgan iza tion  of m ollusc associations. The rocky 
shelf fau n a  is d o m in a ted  by  grazing ch itons (Tonicella) an d  
gastropods (Erginus an d  Margarites), a n d  suspension  
feed ing  sed en ta ry  bivalves (Crenella, Astarte an d  Hiatella), 
th e  gravel beds are  in h ab ited  b y  grazers, surface deposit 
feeders an d  su spension  feeders (Ischnochiton, Lepeta an d  
Astarte), w h e rea s  m obile deposit feed ing  bivalves (Yoldi­
ella, Yoldia, Nuculana, Ennucula  a n d  Axinopxida) dom ina te  
in  soft sed im ents. Such d is tribu tion  of func tiona l g roups 
agrees w ell w ith  th e  m odel p a tte rn s  described for 
B oreal coastal m acro b en th ic  com m unities by  P earson  & 
R osenberg  (1987).

Five separate  assem blages d is tingu ished  in  soft sedi­
m en ts  could  be regarded  as d ifferent expressions of th e  
sam e species pool, as an y  differences w ere  largely a  resu lt 
of th e  vary ing  p a tte rn s  of dom inance  of th e  sam e set of 
species. The changes in  th e  relative dom inance  of th e  
in fau n a l m olluscs could  be largely  exp la ined  in  term s of 
th e  distance th a t an y  particu la r assem blage lies from  th e  
h ead  of th e  fjord an d  from  th e  m ost active glacier, K ongs­
b reen . A lth o u g h  RDA analysis show ed  th a t th e re  are 
m an y  factors th a t w ere  re la ted  to  th e  d is tribu tion  of fa u ­
n a l assem blages, th e  significant factors w ere  co-variable 
a n d  th e  overall in fluence  of th e  glacier w as p red o m in an t. 
The g ran u lo m etric  characteristics, th e  q u an tity  of organic 
carbon  an d  th e  stability  of sed im en ts all reflect th e  glacial 
sed im en ta tio n  g rad ien ts in  a n  Arctic glacial fjord (G oriich 
et al. 1987; Syvitski et al. 1987; W lodarska-K ow alczuk  & 
P earson  2004). S im ilarly th e  salin ity  an d  tem p e ra tu re  
grad ien ts a re  p ro d u ced  b y  th e  in flow  of fresh  a n d  cold 
glacial m eltw aters, a n d  a re  con tro lled  by  th e  glacier 
activ ity  (S vendsen  et al. 2002).

H igh levels of m in era l sed im en ta tio n  a n d  sed im en t 
deposition  h ave  b een  sh o w n  to be an  acu te  d is tu rbance 
ag en t causing a d ram atic  decrease in  b en th ic  densities 
a n d  d iversity  (e.g. A iroldi 2003; A nderson  et al. 2004; 
T h ru sh  et al. 2004; W lodarska-K ow alczuk  et al. 2005). 
A rctic m olluscs cope surprisingly  w ell w ith  th e  glacial
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Table 6 D o m in a n t  m o l lu sc  t a x a  In sub tida l s e d im e n t s  In Inner (ei ther  glacial or  glaclofluvlal s e d im e n ta t i o n  Influenced) b as in s  v e r s u s  o u t e r  p a r t s  of 

Arctic fjords.

Location Inner  fjord O u te r  fjord

Expedi tion  Fiord, N o r th w e s te r n  Territor ies, C an a da  

(Aitken & Gilbert 1996)

McBeth  an d  Itlrbllung fiords (Syvltskl e t  al. 1989, 

Altken& Fournie r  1993)

C am b r id g e  Fiord (Aitken & Fournie r  1993)

Yoldlabukta,  Is fjorden, S p i t s b e rg e n  (Wlodarska- 

Kowalczuk e t  al. 1999)

H o rn sun d ,  u n p u b l i sh e d  d a ta  

van Mljenf jorden , S valbard  (Gulliksen e t  al. 1985, 

Ren a u d  e t  al. 2007)

Jo rg en  Bron lu nd  Fjord, N orth  G reen land  (Sch lo t te  1989) 

S c o r e s b y  Sund,  G reen lan d  (Thorson  1934)

Young S ound ,  East G reen land  ( S e j r e ta l .  2000)

P o rt la n d ia  a rc tic a , Thyas ira  g o u ld i

P o rt la n d ia  a rc tica , H ia te lla  a rc tica , A x in o p s id a  

o rb ic u la ta  

Y o ld ie lla  in te rm e d ia , Y o ld ie lla  le n ticu la , 

A x in o p s id a  o rb ic u la ta  

Y o ld ie lla  fra te rn a

P o rt la n d ia  a rc tic a

P o rt la n d ia  a rc tica , Y o ld ie lla  s o lid u la

P o rt la n d ia  a rc tic a  

P o rt la n d ia  a rc tic a

A s ta r te  bo re a lis , A s ta r te  w a rh a m i, H ia te lla  

a rc tica , M ya  sp., T r ich o tro p is  sp. 

A x in o p s id a  o rb ic u la ta , B a th ya rca  g lac ia lis , 

A s ta r te  spp.

A x in o p s id a  o rb ic u la ta , B a th ya rca  g lac ia lis , 

A s ta r te  spp.

E nnucu la  tenu is , C ilia to c a rd iu m  c il ia tu m  

M a c o m a  ca lca re a

H ia te lla  a rc tic a

A s ta r te  c re n a ta , B a th ya rca  g la c ia lis  

A s ta r te  spp.,  H ia te lla  a rc tica

Sedim entation  d istu rbance . In  K ongsfjorden, th e  m ollusc 
n u m b ers  a re  te n  tim es h ig h er in  glacial bays th a n  in  th e  
stable sed im ents of th e  cen tra l basin  because of th e  h igh  
ab u n d an ce  of a few  species of Yoldiella an d  Thyasira. P ro ­
to b ran ch  bivalves are  th e  m ost com m on  d o m in an ts  in  
th e  sed im en ts in fluenced  by  e ith e r glacial o r glaciofluvial 
inpu ts  in  several o th e r Arctic a n d  sub-A rctic sites, 
w h ereas suspension  feeding bivalves Astarte, Hiatella an d  
Bathyarca seem  to  p re fe r th e  o u te r basins of fjords of h igh  
la titude  (Table 6). Several Yoldiella species (Y. intermedia, 
Y. fraterna  an d  Y. lenticula) w ere  also rep o rted  as p io n ee r 
species p o p u la ting  d e fau n a ted  sed im ents in  succession 
follow ing th e  onset of deglaciacion in  la te  Pleistocene 
shelf sed im ents off th e  coast of n o r th e rn  N orw ay (T hom ­
sen & V orren 1986). This p io n ee r co m m u n ity  w as la te r 
rep laced  by  a n  "estab lished  low -A rctic com m un ity " com ­
prising  B. glacialis. Astarte crenata. Frigidoalvania janm ay­
eni, T. gouldi an d  A. groenlandica (T hom sen  & V orren 
1986). The com m on  fea tu res of yoldiid  an d  thyasirid  
bivalves successful in  glacial bays inc lude  small, simple, 
sm oo th  an d  th in  shells w ith  n o  ex te rn a l o rn am en ta tio n , 
w h ich  facilitate m o v em en t a n d  th e  m a in ten an ce  of th e  
p ro p e r position  in  unstab le  quickly  accum ula ting  sed i­
m en ts  (R hoads 1974). Yoldiid bivalves possess a  large an d  
m uscu la r foot an d  a re  k n o w n  to m ove in to  an d  th ro u g h  
a soft su b stra tu m  (Yonge 1939). T hey collect de tritu s 
particles from  th e  sed im en t surface w ith  th e  use of long 
palp  proboscides, a n d  can very  efficiently  sort th e  p a r ti­
cles (S tasek 1965). The efficient m echan ism  of e lim in a­
tion  of pseudofaeces p ro tec ts th e  resp ira to ry  organs of 
p ro to b ran ch  bivalves from  being  clogged by  m in era l p a r­
ticles accum ula ting  in  th e  m an tle  cavity (R hoads 1974). 
All of these  tra its of yoldiid  bivalves (sm all size, h igh  
mobility, selective deposit feed ing  a n d  th e  efficient e lim i­
n a tio n  of m in era l particles) obviously  facilitate th e ir  su r­

vival in  glacial bays. W h a t m akes thyasirids w ell-su ited  to 
h igh  sed im en ta tion  an d  instab le  sed im en ts is less clear. 
Som e Thyasira species construct a com plicated  system  of 
m ucu s-lin ed  tu n n e ls , h o st sym biotic chem o au to tro p h ic  
bacte ria  an d  a re  n u tr itio n a lly  d ep en d en t on  h y d rogen  
su lphides in  sed im ents (D ando & S o u th w ard  1986; 
D ando & Spiro 1993). The Spitsbergen fjordic sed im ents 
a re  w ell oxygena ted  (Jo rgensen  et al. 2005), a n d  th e  local 
thyasirids m u s t d epend  o n  energy  sources o th e r th a n  
energy  derived  from  th e  ox idation  of su lp h u r com ­
p ounds. The h igh  sed im en ta tio n  does n o t favour th e  
construc tion  of stable tu n n e ls . The life hab its of th e  
K ongsfjorden thyasirid  d o m in an t species m u s t differ from  
those  of th e  tem p era te  A tlan tic  species described by 
D ando 8- S o u th w ard  (1986) a n d  D ando  8  Spiro (1993).

The d o m in an ts  in  tw o  K ongsfjorden  glacial bays are  
different, a lth o u g h  closely related: Y. solidula an d  T. dun­
bari in  K ongsbreen  glacial bay  (Gl)  an d  Y. hyperborea, A. 
orbiculata a n d  T. gouldi in  B lom strandb reen  glacial bay  
(G2). The B lom strandb reen  glacial bay  is located  closer to 
th e  fjord m o u th  an d  has a  m u ch  h ig h e r co n cen tra tio n  of 
organic m a tte r  in  th e  sed im ents th a n  th e  sed im ents of 
K ongsbreen  glacial bay  (W lodarska-K ow alczuk 8  P ear­
son 2004). W lodarska-K ow alczuk  et al. (1998) rep o rted  
th e  sim ilar separa tion  of p ro to b rach  bivalves in  a  survey  
of six w est Sp itsbergen glacial bays— Y. hyperborea d o m i­
n a tio n  in  tw o  locations s itua ted  at e ith e r th e  open  coast 
o r close to  th e  fjord m o u th  a n d  Yoldiella solidula (e r ro n e ­
ously iden tified  as Yoldiella fraterna) in  fou r sites s itua ted  
in  in n e r  fjord basins. O ckelm ann  (1958) suggested  th a t Y. 
hyperborea has fairly h igh  energetic  dem ands an d  th e re ­
fore occurs p rim arily  a t e ith e r th e  open  coast o r in  th e  
o u te r parts  of th e  fjords, w h e re  th e  supply  of organic 
m a tte r  is larger th a n  in  th e  in n e r  fjord basins. D om ination  
by  Y. hyperborea w as rep o rted  for o p en  shelf w ate rs  influ-
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enced  by  th e  te rrigenous inflow s off Svalbard (W lodarska 
et al. 1996), as w ell as off so u th e rn  G reen land  an d  Ice­
lan d  (Peres 1982). Similarly, T. gouldi w as rep o rted  to 
occur in  large n u m b ers  in  C hukch i Sea shelf sed im ents 
(Feder et al. 1994), a n d  m ay  be less su ited  to survival in 
in n e r  basin  glacial bay  sed im ents th a t a re  p o o r in  organic 
m atter.

The yoldiid  an d  thyasirid  bivalves occurred  a t m ost 
s ta tions w ith  soft bo ttom s in  K ongsfjorden, b u t it w as 
o n ly  in  glacial bays th a t these  species w ere  fo u n d  in  large 
n u m b ers . In  cen tra l basins, in  stable conditions w ith  
low  inorgan ic  sed im en ta tion , th e  bivalves a re  rep laced  by 
n u m e ro u s  tu be-bu ild ing  po lychae tes (Maldane sarsi an d  
Spiochaetopterus typicus; W lodarska-K ow alczuk  & Pearson
2004). The sam e p a tte rn  is observed in  C anad ian  fjords: 
Portlandia arctica is p resen t in  large n u m b ers  on ly  n ea r 
glaciers a n d  is m u ch  less n u m ero u s  in  cen tra l a n d  o u te r 
fjord basins in h ab ited  by  M aldan id  association  (Syvitski 
e t al. 1989; A itken  & F o u rn ie r 1993). The dense p o p u la ­
tions of tu be-bu ild ing  po lychae tes can  d im in ish  th e  n u m ­
bers of m obile b u rro w ers  as a resu lt of th e  com petition  for 
space an d  food (W ilson 1991). The ex p erim en ta l rem oval 
of tu b e  bu ilders resu lts in  th e  dram atic  increase in  n u m ­
bers of m obile de tritu s feeders (W oodin 1974). The h igh  
densities of p ro to b ran ch  a n d  thyasirid  bivalves in  glacial 
bays m ay  resu lt from  th e  com petitive release, as th e  tube  
bu ilders a re  n a tu ra lly  e lim ina ted  by  h ig h  sed im en ta tion  
a n d  th e  deposition  of m in e ra l m ateria l. The w eak  com ­
petitive  capabilities of P ro tob ranch ia  w ere  expressed in 
th e  evo lu tio n ary  h is to ry  of th e  group . P ro tob ranch ia  are 
num erica lly  d o m in an t an d  are  th e  m ost diverse deep sea 
bivalves k n o w n  a t p resen t (A llen & S anders 1996). D u r­
ing  th e  M esozoic th e  A tlan tic  P ro tob ranch ia  m ig ra ted  to 
th e  deep sea as a  consequence  of com petitive exclusion 
by  th e  eu lam ellib ranch  bivalves rad ia ting  at th a t tim e  in 
shallow  w aters  (A llen 1978).

The p a tte rn s  of m ollusc d is tribu tion  a t th e  soft b o tto m  
a n d  diversity  in  K ongsfjorden are  n o t fu lly  consisten t 
w ith  those  of th e  w h o le  m acroben th ic  co m m u n ity  
described b y  W lodarska-K ow alczuk  et al. (2005). The 
m a in  d iscon tinu ity  in  p a tte rn s  of b o th  com plete  m acro b ­
en th o s  a n d  m ollusc species d is tribu tion  separates th e  
glacial bays a n d  cen tra l basin  stable sed im ents, b u t th e  
dram atic  species d iversity  cline tow ards th e  glaciers 
described for th e  w h o le  m acro fau n a  w as n o t observed  in 
m ollusc assem blages. The h igh  increase of n u m b ers  of 
ind iv iduals in  assem blages n e a r  glaciers w as also a p a tte rn  
u n iq u e  to  m olluscs. The tax o n o m ic  d is tinctness show ed 
th e  con trasting  p a tte rn s  a long  th e  glacial sed im en ta tion  
grad ien t. avTD  drops for m olluscs, b u t increases for th e  
w h o le  m acro b en th ic  co m m u n ity  th e  closer one  gets to 
th e  glacier. It is n o te w o rth y  th a t th e  d iscrepancies in 
tax o n o m ic  d istinctness p a tte rn s  for d ifferent taxonom ic

groups m ay  resu lt from  differen t responses to  en v iro n ­
m e n ta l gradien ts, b u t also from  differences in  th e  h ie ra r­
chical tax o n o m ic  system s of d ifferen t ph y la  (E llingsen 
et al. 2005). Sm ith  (2005) observed  th e  h igh  co rrelation  
of m ollusc d iversity  a n d  th e  overall b en th ic  co m m u n ity  
diversity  o n  rocky  shores, a n d  reco m m en d ed  using  m o l­
luscs as su rrogates for com plete  m acroben th ic  co m m u n i­
ties in  b en th ic  d iversity  an d  im pact assessm ent studies. 
H ow ever, th e  m olluscs of th e  soft b o tto m  seem  to  react to 
glacial d is tu rbance  in  a d ifferen t w ay  th a n  do o th e r 
b en th ic  p h y la  a n d  I w o u ld  n o t reco m m en d  m olluscs as a 
usefu l su rrogate  for th e  w ho le  m acroben th ic  co m m u n ity  
in  surveys of sed im en tary  hab ita ts .

Acknowledgements

The sam ples u sed  in  th is study  cam e from  several sam ­
pling  cam paigns. I w o u ld  like to  th a n k  Dr J. Legezyriska, 
Dr M. Zajqczkow ski an d  all colleagues invo lved  in  th e  
field w ork . Dr J. L egezyriska an d  Dr P. K uklirisk i p rov ided  
sam ples from  baited  traps an d  diving surveys, w h ich  is 
g ratefu lly  acknow ledged . I w ish  to  th a n k  Dr A. W arén  for 
th e  verification  of m ollusc iden tifications an d  for valuab le  
com m ents . M y visits to  th e  Sw edish N atu ra l H istory 
M u seu m  in  S tockholm  an d  th e  Zoological M u seu m  in 
C o penhagen  w ere  su ppo rted  b y  th e  HIGHLAT p ro ject 
(H PRI-CT-2001-0125) an d  th e  COBICE p ro ject (HPRI- 
CT-1999-00021). I w ish  to  th a n k  Dr K. B lachow iak- 
Sam olyk for he lp  w ith  statistical analyses. I am  very  
gra tefu l to  D r M .A. K endall, Prof. J.M . W çslaw ski an d  
th e  tw o  an o n y m o u s referees w hose  com m ents m u ch  
im proved  th e  m anuscrip t. The study  has b een  com pleted  
th an k s  to  funds p rov ided  by  g ran t PB Z-K B N -108/P04/ 
2004  from  th e  Polish N ational C om m ittee  for Scientific 
R esearch. The a u th o r  acknow ledges th e  support by  th e  
M arBEF N etw ork  of E xcellence p ro ject M arine  B iodiver­
sity a n d  Ecosystem  F unction ing , w h ich  is fu n d ed  by  th e  
Sustainab le  D evelopm ent, G lobal C hange an d  Ecosys­
tem s P rogram m e of th e  E u ro p ean  C om m unity 's  Sixth 
F ram ew o rk  P rogram m e (contract no . GOCE-CT-2003- 
505446). This pub lica tion  is co n trib u tio n  n u m b e r M PS- 
06039 of M arBEF a n d  a co n trib u tio n  to  th e  M arBEF 
responsive m ode p ro g ram m e ArctEco.

References

Airoldi L. 2003. The effects of sedimentation on rocky coast 
assemblages. Oceanography and Marine Biology Annual Review 
41, 161-236.

Aitken A.E. 1990. Fossilization potential of Arctic fjord and 
continental shelf benthic macrofaunas. In  J.A. Dowdeswell 
& J.D. Scourse (eds.): Glacimarine environments: processes and 
sediments. Geological Society of London Special Publication No 53. 
Pp. 155-176. London: Geological Society.

Polar R esearch  2 6  (2007) 4 8 - 6 3  © 2007 The A uthor 59



M olluscs in K ongsfjo rden  (Spitsbergen, Svalbard) M. W lod a rska -K ow a lczuk

Aitken A.E. & Fournier J. 1993. Macrobenthos communities of 
Cambridge, McBeth and Itirbilung fiords, Baffin Island, 
Northwest Territories, Canada. Arctic 46, 60-71.

Aitken A.E. & Gilbert R. 1996. Marine Mollusca from Expedi­
tion Fiord, W estern Axel Heiberg Island, Northwest Territo­
ries. Arctic 49, 29-43.

Allen J.A. 1978. Evolution of the deep sea protobranch
bivalves. Philosophical Transactions of the Royal Society of London 
284, 387-401.

Allen J.A. & Sanders H.L. 1996. The zoogeography, diversity 
and origin of the deep-sea protobranch bivalves of the 
Atlantic: the epilogue. Progress in Oceanography 38,
95-153.

Anderson M.J., Diebel C.E., Blom W.M. & Landers T.J. 2005. 
Consistency and variation in kelp holdfast assemblages: spa­
tial patterns of biodiversity for the major phyla at different 
taxonom ic resolutions. Journal of Experimental Marine Biology 
and Ecology 320, 35-56.

Anderson M.J., Ford R.B., Feary D.A. & Honeywill C. 2004. 
Quantitative measures of sedimentation in an estuarine sys­
tem, and its relationship w ith intertidal soft-sediment 
infauna. Marine Ecology Progress Series 272, 33-48.

Bick A. & Arlt G. 2005. Intertidal and subtidal soft-bottom 
m acro-andm eiofauna of the Kongsfjord (Spitsbergen). Polar 
Biology 28, 550-557.

Bouchet P., Louzet P., Maestrati P. & Heros V. 2002. Assessing 
the magnitude of species richness in tropical m arine envi­
ronm ents: exceptionally high num bers of molluscs at a New 
Caledonia site. Biological Journal of the Linnean Society 75, 421- 
436.

Chao A. 1987. Estimating the population size for capture- 
recapture data w ith unequal catchability. Biometrics 43, 783- 
791.

Chao A. 2004. Species richness estimation. In  N. Balakrishnan 
et al. (eds.): Encyclopedia of statistical sciences. Pp. 1-23. New 
York: Wiley.

Clarke A. 1992. Is there a latitudinal diversity dine in the sea? 
Trends in Ecology and Evolution 7, 286-287.

Clarke K.R. & Warwick R.M. 2001. A further biodiversity 
index applicable to spedes lists: variation in taxonomic 
distindness. Marine Ecology Progress Series 216, 265-278.

Colwell R.K. 2005. Estimates: Statistical estimation of spedes 
of richness and shared species from samples. Version 7.5 
Users guide: http://purl.odc.org/estim ates.

Colwell R.K., Mao C.X. & Chang J. 2004. Interpolating, extrap­
olating, and comparing incidence-based spedes accum ula­
tion curves. Ecology 85, 2717-2727.

Dale J.E., Aitken A.E., Gilbert R. & Risk M.J. 1989. Macro­
fauna of Canadian A rdic fjords. Marine Geology 85, 331-358.

Dando P.R. & Southward A.J. 1986. Chemoautotrophy in 
bivalve molluscs of the genus Thyasira. Journal of the Marine 
Biological Association of the United Kingdom 66, 915-929.

Dando P.R. & SpiroB. 1993. Varying nutritional dependence of 
the thyasirid bivalves Thyasira sarsi and T. equalis on 
chemoautotrophic symbiotic baderia, demonstrated by iso­
tope ratios of tissue carbon and shell carbonate. Marine Ecol­
ogy Progress Series 92, 151-158.

Dowdeswell J.A. & Forsberg C.F. 1992. The size and frequency 
of icebergs and bergy bits derived from tidewater gladers in 
Kongsfjorden. northwest spitsberger. Polar Res 11, 81-91.

Ellingsen K.E., Clarke K.R., Somerfield P.J. & Warwick R.M.
2005. Taxonomic distinctness as a measure of diversity 
applied over a large scale: the benthos of the Norwegian 
continental shelf. Journal of Animal Ecology 74, 1069-1079.

Feder H.M., Foster N.R., Jewett S.C., W eingartner T.J. & 
Baxter R. 1994. Mollusks in the northeastern Chukchi Sea. 
Arctic 47, 145-163.

Fetzer I., Lonne O.J. & Pearson T. 2002. The distribution of 
juvenile benthic invertebrates in an A rdic gladal fjord. Polar 
Biology 25, 303-315.

Gordillo S. & Aitken A.E. 2000. Palaeoenvironm ental in terpre­
tation of late quaternary marine molluscan assemblages, 
Canadian A rdic archipelago. Geographie Physique et Quater­
naire 54, 301-315.

Gorlich K., Weslawski J.M. & Zajaczkowski M. 1987. Suspen­
sion settling effect on macrobenthos biomass distribution in 
the Hornsund fjord, Spitsbergen. Polar Research 5, 175-192.

Gulliksen B., Holte B. & Jakola K.J. 1985. The soft-bottom 
fauna in  van Mijenfjord and Raudfjord, Svalbard. In J. Gray 
& M.E. Christiansen ( eds. ) : Marine biology of polar regions and 
effects of stress on marine organisms. Pp. 199-215. Oslo: John 
Wiley and Sons.

Hop H., Pearson T.H., Hegseth E.N., Kovacs K.M., Wiencke C., 
Kwasniewski S., Eiane K., M ehlum F., Gulliksen B., 
Wlodarska-Kowalczuk M., Lydersen C., Weslawski J.M., 
Cochrane S., Gabrielsen G.W., Leakey R., Lonne O.J., 
Zajaczkowski M., Falk-Petersen S., Kendall M.A., Wängberg 
S.-A., Bischof K., Voronkov A., Kovaltchouk N.A., Wiktor J., 
Polterm ann M., di Prisco G., Papucd C. & Gerland S. 2002. 
The marine ecosystem of Kongsfjorden, Svalbard. Polar 
Research 21, 167-208.

Jorgensen B.B., Glud R.N. & Holby O. 2005. Oxygen distribu­
tion and bioirrigation in A rdic fjord sediments ( Svalbard, 
Barents Sea). Marine Ecology-Progress Series 292, 85-95.

Jorgensen L.L. & Gulliksen B. 2001. Rocky bottom  fauna in 
A rdic Kongsfjord (Svalbard) studied by means of sud ion  
sampling and photography. Polar Biology 24, 113-121.

Kaczmarek H., Wlodarska-Kowalczuk, M., Legezynska J. & 
Zajaczkowski M. 2005. Shallow sublittoral macrozoobenthos 
in Kongsfjord, West Spitsbergen, Svalbard. Polish Polar 
Research 26, 137-155.

Kendall M.A., Widdicombe S. & Weslawski J.M. 2003. A m ulti­
scale study of the biodiversity of the benthic infauna of the 
high-latitude Kongsfjord, Svalbard. Polar Biology 26, 383- 
388.

Kuklinski P. & Porter J.S. 2004. Alcyonidium disciforme: an 
exceptional Arctic bryozoan. Journal of the Marine Biological 
Association of the United Kingdom 84, 267-275.

Lefauconnier B., Hagen J.O. & Rudant J.P. 1994. Flow speed 
and calving rate of Kongsbreen glacier, Svalbard, using SPOT 
images. Polar Research 13, 59-65.

Legezynska J. 2001. Distribution patterns and feeding strate­
gies of lyssianassid amphipods in  shallow waters of an Ardic 
fjord. Polish Polar Research 22, 173-186.

6 0 Polar R esearch  2 6  (2007) 4 8 - 6 3  © 2007 The A uthor

http://purl.odc.org/estimates


M . W lod a rska -K ow a lczuk M olluscs in K ongsfjo rden  (Spitsbergen, Svalbard)

Legezynska J. 2002. Ekologia padlinozernych bezkregowcow w 
Arktycznym fiordzie. (Ecology of scavenging invertebrates in an 
Arctic fjord.) PhD Thesis, University of Gdansk, Poland.

Lippert H., IkenK ., RachorE. & Wiencke C. 2001. Macrofauna 
associated w ith macroalgae in the Kongsfjord (Spitsbergen). 
Polar Biology 24, 512-522.

M agurran A.E. 2004. Measuring biological diversity. Malden, MA: 
Blackwell Publishing.

Mieszkowska N., Kendall M.A., Hawkins S.J., Leaper R., 
Williamson P., Hardman-M ountford N.J. & Southward A.J.
2006. Changes in the range of some common rocky shore 
species in  Britain—a response to climate change? Hydrobiolo- 
gia 555, 241-251.

Ockelmann K.W. 1958. Marine Lamellibranchiata. Meddeleiser om 
Grönland 122.

Odhner N.H. 1915. Die Molluskenfauna des Eisfjordes. Kungliga 
Svenska Vetenskapsakasemiens Handligar 54.

Pearson T.H. & Rosenberg R. 1987. Feast and famine: structur­
ing factors in  m arine benthic communities. In J.H.R. Gee & 
P.S. Giller (eds.): Organization of communities. Past and present. 
Pp. 373-95. Oxford, UK: Blackwell Science.

Peres J.M. 1982. Major benthic assemblages. In O. Kinne (ed.): 
Marine ecology. Vol. V. Pp. 373-522. New York: John Wiley 
and Sons.

Renaud P.E., Wlodarska-Kowalczuk, M., Trannum H., Holte 
B., Weslawski J.M., Cochrane S., Dahle S. & Gulliksen B.
2007. Multidecadal stability of benthic comm unity structure 
in a High-Arctic glacial fjord (van Mijenfjord, Spitsbergen). 
Polar Biology 30, 295-305.

Rhoads D.C. 1974. Organism-sediment relations on the muddy 
sea floor. Oceanography and Marine Biology Annual Review 12, 
263-300.

Rozycki O. 1991. Benthic molluscs of Kongsfjorden (Sval­
bard). In J. Repielewska-Pekalowa & K. Pekala (eds.): 
Wypravy geograficzne na Spitsbergen. (Geographic expeditions to 
Spitsbergen.) Pp. 289-295. Lublin, Poland: UMCS.

Rozycki O. 1993. Shallow-water molluscs of Isfjorden (west 
Spitsbergen, Svalbard). Polish Polar Research 14, 55-63.

Rozycki O. & Gruszczynski M. 1986. Macro fauna associated 
w ith laminarians in  the coastal waters of west Spitsbergen. 
Polish Polar Research 7, 337-351.

Salzwedel H., Rachor E. & Gerdes D. 1985. Benthic m acro­
fauna communities in the German Bight. Veröffentlichungen 
des Instuts fur Meeresforschungin Bremerhaven 20, 199-267.

Schiotte T. 1989. Marine Mollusca from Jorgen Bronlund 
Fjord, North Greenland, including the description of 
Diaphana vedelsbyae n. sp. Medde leiser om Grönland 28,
3-24.

Sejr M.K., Jensen K.T. & Rysgaard S. 2000. Macrozoobenthic 
community structure in  a High-Arctic East Greenland fjord.
Polar Biology 23, 792-801.

Sirenko B.I. 2001. List of species of free-living invertebrates o f Eur­
asian Arctic seas and adjacent deep waters. St Petersburg: Zoo­
logical Institute.

Smith S.D.A. 2005. Rapid assessment of invertebrate biodiver­
sity on rocky shores: where there's a w helk there's a way. 
Biodiversity and Conservation 14, 3565-3576.

Somerfield P.J., Cochrane S.J., Dahle S. & Pearson T.H. 2006. 
Free-living nematodes and macrobenthos in  a high-latitude 
glacial fj ord. Journal of Experimental Marine Biology and Ecology 
330, 284-296.

Stasek C.R. 1965. Feeding and particle-sorting in  Yoldia ensifera 
(Bivalvia: Protobranchia) w ith notes on other nuculanids. 
Malacologia 2, 349-366.

Stork N.E., Samways M.J. & Eeley H.A.C. 1996. Inventorying 
and monitoring biodiversity. Trends in Ecology and Evolution 
11, 39-40.

Svendsen H., Beszczynska-Moller A., Hagen J.O., Lefaucon- 
nier B., Tverberg V., Gerland S., Orbaek J.B., Bischof K., 
Papucci C., Zajaczkowski M., Azzolini R., Bruland O., 
Wiencke C., W inther J.G. & Dallmann W. 2002. The physical 
environm ent of Kongsfjorden-Krossfjorden, an Arctic fjord 
system in Svalbard. Polar Research 21, 133-166.

Syvitski J.P.M., Burrell D.C. & Skei J.M. 1987. Fjords. Processes 
and products. New York: Springer-Verlag.

Syvitski J.P.M., Farrow G.E., Atkinson R.J.A., Moore P.G. & 
Andrews J.T. 1989. Baffin Island fjord macrobenthos: bo t­
tom communities and environm ental significance. Arctic 42, 
232-247.

ter Braak C.J.T. & Smilauer P. 2002. CANOCO reference manual 
and CanoDraw for Windows, user's guide. Wageningen and 
Ceske Budejovice: Biometris.

Terlizzi A., Scuderi D., Fraschetti S. & Anderson M.J. 2005. 
Quantifying effects of pollution on biodiversity: a case study 
of highly diverse molluscan assemblages in the M editerra­
nean. Marine Biology 148, 293-305.

Thomsen E. & Vorren Y.O. 1986. Macrofaunal palaeoecology 
and stratigraphy in late quaternary shelf sediments off 
northern Norway. Palaeogeography, Palaeoclimatology, Palaeo­
ecology 56, 103-150.

Thorson G. 1934. Contributions to the animal ecology of the Scoresby 
Sound Fjord complex (East Greenland). Medde leiser om Grönland 
10 0 .

Thrush S.F., Hewitt J.E., Cummings V.J., Ellis J.I., Hatton C., 
Lohrer A. & Norkko A. 2004. M uddy waters: elevating sedi­
m ent input to coastal and estuarine habitats. Frontiers in 
Ecology and Environment 2, 299-306.

Warwick R.M., Emblow C., Feral J.P., Hummel H., van Ave- 
saathP. & Heip C. 2003. European Marine Biodiversity Research 
Sites. Report of the European Concerted Action: BIOMAKE. Imple­
mentation and Networking of large scale, long term marine biodi­
versity research in Europe. Yerseke, Netherlands: Netherlands 
Institute for Ecological research, Centre for Estuarine and 
Marine Research Ecology.

Wilson W.H. 1991. Competition and predation in marine 
soft-sediment communities. Annual Review of Ecology and 
Systematics 21, 221-241.

W inkelman D. & Knies J. 2005. Recent distribution and accu­
mulation of organic carbon on the continental margin west 
of Spitsbergen. Geochemistry Geophysics Geosystems 6, 1-22.

Wlodarska-Kowalczuk M. & Pearson T.H. 2004. Soft-bottom 
macrobenthic faunal associations and factors affecting 
species distributions in  an Arctic glacial fjord (Kongsfjord, 
Spitsbergen). Polar Biology 27, 155-167.

Polar R esearch  2 6  (2007) 4 8 - 6 3  © 2007 The A uthor 61



M olluscs in K ongsfjo rden  (Spitsbergen, Svalbard) M. W lod a rska -K ow a lczuk

Wlodarska-Kowalczuk M., Pearson T.H. & Kendall M.A. 2005. 
Benthic response to chronic natural physical disturbance by 
glacial sedimentation in  an Arctic fjord. Marine Ecology 
Progress Series 303, 31-41.

Wlodarska-Kowalczuk M., Szymelfenig M. & Kotwicki L. 
1999. Macro- and meiobenthic fauna of the Yoldiabukta 
glacial bay (Isfjorden, Spitsbergen). Polish Polar Research 20, 
367-386.

Wlodarska-Kowalczuk M., Weslawski J.M. & Kotwicki L.
1998. Spitsbergen glacial bays macrobenthos—a compara­
tive study. Polar Biology 20, 66-73.

Wlodarska M., Weslawski J.M. & Gromisz S. 1996. A compari­
son of the macrofaunal community structure and diversity 
in two Arctic glacial bays—a "cold" one off Franz Josef Land 
and a "warm" one off Spitsbergen. Oceanología 38,
251-283.

Woodin S.A. 1974. Polychaete abundance patterns in  a marine 
soft-sediment environment: the importance of biological 
interactions. Ecological Monographs 44, 171-187.

Yonge C.M. 1939. The protobranchiate mollusca; a functional 
interpretation of their structure and evolution. Philosophical 
Transactions of the Royal Society of London 230, 79-147.

A ppendix

List of m ollusc species fo u n d  in  m ateria ls collected in  
K ongsfjorden in  1996-2000 .
C A U D O FO V EA TA
CHAETODERMATIDAE
Chaetoderma nitidulum  Lovén, 1844
POLYPL AC O P H O R A
LEPTOCHITONIDAE
Leptochiton arcticus (Sars, G.O. 1878)
Leptochiton aIvelous (Lovén, 1846)
ISCHNOCHITONIDAE
Tonicella marmorea (fabricius, O. 1780)
Tonicella rubra (Linné, 1767)
Ischnochiton albus (Linné, 1767)
G A ST R O P O D A  P R O SO B R A N C H IA  
FISSURELLIDAE
Puncturella noachina (Linné, 1771)
LOTHIDAE
Erginus rubellus (Fabricius, O. 1780)
LEPETIDAE
Lepeta caeca (M üller, 1776)
TROCHIDAE
Margarites costalis (G ould, 1841)
Margarites groenlandicus (G m elin, 1791)
Margarites helicinus (Phipps, 1774)
Margarites olivaceus B row n, 1827 
Solariella varicosa (M ighels & A dam s, 1842)
TURBINIDAE
Moelleria costulata (M oller, 1842)

RISSOIDAE
Frigidoalvania janm ayeni (Friele, 1878) 
Frigidoalvania cruenta (O dhner, 1915)
Boreocingula castanea (M oller, 1842) 
ELACHISIMIDAE
Elachisina globuloides (W arén, 1972) 
TURRITELLIDAE
Tachyrhynchus reticulatus (M ighels & A dam s, 1842) 
NATICIDAE
Euspira pallida (B roderip & Sowerby, G.B. 1829) 
Ciyptonatica affinis (G m elin, 1791)
MURICIDAE
Trophon clathratus (L inné, 1767)
Boreotrophon truncatus (S trom , 1767)
BUCCINIDAE
Buccinum undatum  (Linné, 1758)
Buccinum scalariforme, M oller, 1842 
Buccinum glaciale L inné, 1761 
Buccinum polare G ray J.E., 1839 
Colus kroeyeri ( M oller, 1842)
Colus sabini (Gray, 1824)
CANCELLARIDAE
Admete viridula (Fabricius, O. 1780)
CONIDAE
Oenopota pyramidalis (S trom , 1788)
Oenopota exarata (M oller, 1842)
Oenopota impressa (M orch, 1969)
Oenopota nobilis (M oller, 1842)
Oenopota sp
G A ST R O P O D A  H E T E R O B R A N C H IA
MATHILDIDAE
Turitellopsis stimpsoni (S tim pson, 1851)
PYRAMIDELLIDAE
Menestho albula (Fabricius, O. 1780)
Menestho truncatula O dhner, 1915
G A ST R O P O D A  O P IST H O B R A N C H IA
DIAPHANIDAE
Diaphana sp
RETUSIDAE
Retusa sp.
PHILINIDAE 
Philine sp.
CYLICHNIDAE
Cylichna cf alba (B row n, 1827)
Cylichna cf occulta (M ighels & A dam s, 1842)
BIV ALVIA
NUCULIDAE
Ennucula tenuis (M ontagu, 1808)
NUCULANIDAE
Nuculana pernula  M üller, 1779
Nuculana m inuta  (M üller, 1776)
YOLDIIDAE
Yoldia hyperborea Torell, 1859
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Yoldiella solidula W arén, 1989 
Yoldiella lucida (Lovén, 1846)
Yoldiella lenticula (M oller, 1842)
Yoldiella frigida (Toreil, 1859)
Yoldiella intermedia (Sars, M. 1865) 
Portlandia arctica (Gray, 1824)
MYTILIDAE
Crenella decussata (M ontagu , 1808)
Musculus corrugatus (S tim pson, 1851) 
Musculus discors (L inné, 1767)
Dacrydium vitreum  (M oller, 1842)
ARCIDAE
Bathyarca glacialis (Gray, J.E. 1824) 
PECTINIDAE
Chlamys islandica (M üller, O.F. 1776) 
PROPEAMUSSIIDAE
Arctinula groenlandica (Sow  erby, G.B. 1842) 
THYASIRIDAE
Axinopsida orbiculata (Sars, G.O. 1878) 
Thyasira gouldi (Philippi, 1845)
Thyasira dunbari Lubinsky, 1976
Thyasira sp. n . (B ouchet & W arén, 1979)
UNGULINIDAE
Diplodonta torelli Jeffreys, 1847
KELLIDAE
Kellia sp.
MONTACUTIDAE
Montacuta maltzani V erkrüzen  1876 
Montacuta spitzbergensis Knipowitschi, 1901

Mysella sovaliki M acG initie, 1959
ASTARTIDAE
Astarte crenata (Gray, 1824)
Astarte borealis (Schum acher, 1817)
Astarte elliptica (B row n, 1827)
Astarte montagui (D illwyn, 1817)
CARD ID AE
Ciliatocardium ciliatum  (Fabricius, O. 1780) 
Serripes groenlandicus (B ruguière, 1789) 
TELLINIDAE
Macoma moesta D eshayes, 1855 
Macoma calcarea (G m elin, 1791) 
VENERIDAE
Liocyma fluctuosa (G ould, 1841)
MYIDAE
Mya truncata L inné, 1758
HIATELLIDAE
Hiatella arctica (Linné, 1767)
THRACIIDAE
Thracia myopsis M oller, 1842 
Thracia devexa Sars, G.O. 1878 
LYONSIIDAE
Lyonsia arenosa (M oller, 1842)
PANDORIDAE
Pandora glacialis Leach, 1819
CUSPIDARIIDAE
Cuspidaria subtorta (Sars, G.O. 1878) 
Cuspidaria arctica (Sars, M . 1859)
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