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ABSTRACT: S u rrogates a re  m easu res  th a t reflect species-level com m unity  p a tte rn s , bu t can  b e  m ore 
easily  d e term in ed . T he 2 m ain  su rrogacy  m ethods (low ering the  reso lu tion  of taxonom ic iden tifica­
tions an d  selection  of su rro g a te  taxonom ic groups) w ere  first dev e lo p ed  an d  w idely  te s te d  in  p o llu ­
tion  im pact studies. T he perfo rm ance  of su rro g a tes  in  na tu ra l b en th ic  variab ility  stud ies rem ains 
la rge ly  unexp lo red . T he aim  of the  p re se n t study  w as to test bo th  su rrogacy  m ethods (taxonom ic 
sufficiency an d  se lec ted  taxa) in  p red ic tin g  ben th ic  response  (both d iversity  an d  d istribu tional 
pattern s) to a na tu ra l d is tu rb an ce  g rad ien t p ro d u ced  by g lacia l sed im en ta tion  in  an  A rctic fjord. 
T here  w as a strong  corre la tion  b e tw e en  b en th ic  d iversity  an d  d istribu tion  p a tte rn s  o bse rved  at the 
level of species, genus, an d  family. Little inform ation w as lost w h en  th e  o rganism s w ere  iden tified  to 
th e  o rd er level only. A dditionally, po lychaetes ex trac ted  from  th e  basic  d a ta se t an d  ana lyzed  s e p a ­
ra te ly  w ere  good p red ic to rs of variability  th ro u g h o u t th e  m acroben th ic  com m unity. T he species 
d istribu tion  an d  diversity  p a tte rn s  ob se rv ed  along  the  g lacia l d is tu rb an ce  g rad ie n t d id  not persist 
w h en  taxonom ic reso lu tion  w as low ered  to th e  class or phy lum  level or w h en  only m olluscs or 
c ru stacean s w ere  analyzed . C om parison  of th e  cu rren t resu lts  to a n u m b er of o the r m arine  ben th ic  
stud ies show s th a t the  taxonom ic sufficiency of fam ilies is very  h ig h  an d  consisten t across d iffe ren t 
com m unities, hab ita ts , an d  s tress-g en era tin g  factors; thus, fam ilies can  b e  reco m m en d ed  as a re li­
ab le  m easu re  of ben th ic  response  to env ironm en ta l g rad ien ts  w h en  species iden tifications a re  not 
available.
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INTRODUCTION

Soft bo ttom  b en th ic  com m unities a re  p robab ly  the 
m ost w idely  u se d  ind icators of bo th  na tu ra l an d  
an th ropogen ic  en v ironm en ta l ch an g es as they  are 
com posed  of rela tively  im m obile o rganism s an d  the ir 
q u an tita tiv e  sam pling  is qu ite  easy  (W arwick 1993). 
T he m ost com m only u se d  responsive  variab les include 
species com position an d  d istribution , exp lo red  w ith  
m ultivaria te  tools an d  un ivaria te  m easu res  of diversity  
(C larke & W arw ick 1994). T raditionally, the  analysis of 
bo th  d istribu tion  an d  diversity  p a tte rn s  req u ired  a d a ta  
m atrix  con tain ing  species ab u n d a n ce s  in  sam ples. 
H ow ever, th e  iden tification  of all sam pled  an im als to

th e  species level is very  expensive  as it is tim e co n su m ­
ing, labor in tensive , an d  req u ires  a considerab le  level 
of taxonom ic expertise . Pollution m onitoring  an d  rap id  
assessm en t p ro jects req u ire  ea s ie r an d  ch e ap e r m e th ­
ods; th is has  fueled  the  sea rch  for su rro g a tes  in  ben th ic  
investigations. S u rrogates a re  d efined  as quan titie s 
th a t reflect species-level com m unity  pa tte rn s, bu t can  
b e  m ore easily  d e te rm in ed  (O lsgard  & Som erfield  
2000). Basically, su rro g a te  analysis req u ires  less tax o ­
nom ic expertise  an d  is less tim e-consum ing  an d  thus 
less expensive  th a n  th e  species-level iden tification  of 
all an im als found  in  sam pled  m aterial. Two d iffe ren t 
ap p ro ach es w ere  u se d  in  th e  q u es t for a  perfec t su rro ­
g a te  in  m arine  ben th ic  im pact studies: (1) low ering  the

’ Email: m aria@ iopan .gda.p l © In ter-R esearch  2007 • w w w .in t-res.com

mailto:maria@iopan.gda.pl
http://www.int-res.com


54 M ar Ecol P rog  Ser 351: 5 3 -6 3 , 2007

taxonom ic reso lu tion  of th e  iden tification  of anim als 
an d  (2) se lec ting  a su rro g a te  taxonom ic g roup  th a t is 
an  ind icato r of the  en tire  com m unity 's variability.

Ellis (1985) in tro d u ced  the  te rm  'taxonom ic suffi­
ciency ' for the  low est level of taxonom ic reso lu tion  
req u ire d  to d e tec t po llu tion -re la ted  ch an g es in  ben th ic  
com m unities. T he effects of pollu tion  w ere  ev id en t in 
th e  h ig h e r taxon  d istribu tion  in  the  ben th ic  com m uni­
ties of soft bottom s (W arwick 1988a,b, F erraro  & Cole 
1990, Som erfield  & C larke 1995, V anderk lift e t al. 
1996) as w ell as ke lp -assoc ia ted  fau n a  (Smith & S im p­
son 1993). G aston  (2000) claim ed  th a t the  n u m b ers  of 
h ig h e r tax a  m ay b e  a good  p red ic to r of species n u m ­
bers and, as such, a re  a valid  m easu re  of biodiversity. 
O lsgard  e t al. (2003), T hom pson et al. (2003), an d  F er­
raro  & Cole (1990) te s ted  th e  applicab ility  of G aston 's 
hypo thesis  to m arine  pollu tion  im pact studies, em p loy ­
ing  ben th ic  d iversity  as a responsive  variab le. O ther 
ben th ic  re se a rch e rs  p o stu la ted  trea tin g  the  p a tte rn s  
o bse rved  for a se lec ted  taxonom ic g roup  as a  proxy of 
p a tte rn s  of the  w hole ben th ic  com m unity  (O lsgard  & 
Som erfield  2000, O lsgard  e t al. 2003).

M ost su rrogacy  stud ies co n d u c ted  in  the  m arine 
rea lm  h av e  b e e n  perfo rm ed  along  m inim al en v iro n ­
m en ta l g rad ien ts, w ith  an th ropogen ic  d is tu rbance  
b e in g  the  m ajor extrinsic factor affecting  the  biota. 
W arw ick (1988a) su g g e sted  th a t h ig h e r taxonom ic 
g roup  ana lyses can  b e tte r  describe  the  effects of a n ­
th ropogen ic  po llu tion  th a n  n a tu ra l p a tte rn s  of ben th ic  
d istribution . H e s ta ted  th a t n a tu ra l variab les can  drive 
th e  rep lacem en t of closely re la te d  species ra th e r th an  
ch an g es in  h ig h e r tax a  com position. V anderk lift e t al. 
(1996) sta ted  th a t ben th ic  p a tte rn s  ob se rv ed  along  n a t­
u ral g rad ien ts  m ay b e  less robust th a n  those  p ro d u ced  
by  pollu tion  or o the r an th ropogen ic  d istu rbances. The 
taxonom ic sufficiency of g roups h ig h e r th a n  species, 
how ever, w as d o cu m en ted  for ben th ic  com m unities 
d is trib u ted  along  na tu ra l es tu a rin e  g rad ien ts  (De Biasi 
e t al. 2003, D eth ier & Schoch 2006). V anderk lift e t al. 
(1998) show ed  th a t h ig h e r taxon  d iversity  can  b e  a u se ­
ful tool in  the  conservation  m an ag em en t of na tu ra l 
coasta l ben th ic  system s. H igher taxon  richness m ir­
ro re d  p a tte rn s  of species diversity  in  n a tu ra l ben th ic  
com m unities of d e e p -se a  chem osyn thetic  system s 
(Doerries & V an D over 2003) or la rg e -sca le  g rad ien ts 
of e a s te rn  Pacific sha llow -w ater m olluscs (Roy e t al. 
1996). S e lected  tax a  m ay also perform  w ell in  investi­
gations of na tu ra l p a tte rn s  (e.g. the  n u m b er of m ollusc 
species is a good p red ic to r of the  in v e rteb ra te  diversity  
on  A ustralian  rocky shores; Sm ith 2005).

M ost su rrogacy  pub lications to d a te  h av e  focused  e i­
th e r only on taxonom ic sufficiency or only on se lec ted  
tax a  perfo rm ance. T he cu rren t study  differs in  th a t it 
tests  an d  com pares the  perfo rm ance of bo th  su rrogacy  
m ethods, an d  the  applicab ility  of the  2 ap p ro ach es for

th e  study  of b o th  d iversity  an d  d istribu tional p a tte rn s  is 
com pared . A sim ilar com parative study  w as u n d e r ­
ta k e n  by O lsgard  e t al. (2003), b u t th e ir  study  w as 
lim ited  only to po lychaetes an d  d id  not encom pass the 
w hole  m acroben th ic  com m unity. M oreover, th e  m ajo r­
ity of the  su rrogacy  tests  w ere  perfo rm ed  on d a ta  
from  severe  an th ropogen ic  d is tu rb an ce  im pact studies. 
T h ere  a re  still only a few  pub lications on  the  effec tive­
ness of su rro g a te -b a sed  ana lyses in  the  d e tec tio n  of 
n a tu ra l p a tte rn s  in  ben th ic  com m unities.

T he cu rren t study  w as co n d u c ted  in  Kongsfjord, 
w h ich  is an  A rctic g lacia l fjord situ a ted  in  the  S valbard  
arch ipelago . G lacier activity  p roduces c lear en v iro n ­
m en ta l g rad ien ts  of salinity, turbidity , sed im entation , 
o rgan ic  m a tte r supply, an d  sed im en t stability  (Hop et 
al. 2002, S vendsen  et al. 2002). P revious ana lyses of a 
full set of ben th ic  d a ta  iden tified  to th e  species level 
d em o n stra ted  gross ch an g es of ben th ic  com position 
an d  diversity  along  the  g lacia l d is tu rb an ce  g rad ien t 
(W lodarska-K ow alczuk & P earson  2004, W lodarska- 
K ow alczuk et al. 2005). T he objective of th e  cu rren t 
study  w as to exam ine if th ese  c lear p a tte rn s  of n a tu ra l 
b en th ic  d istribu tion  an d  diversity  ev id en ced  at the 
species level can  b e  d e te c te d  w h en  the  level of tax o ­
nom ic reso lu tion  is low ered  or only a se lec ted  g roup  of 
an im als is analyzed . We also a im ed  to com pare  the 
cu rren t resu lts  to p u b lish ed  tests  of perfo rm ance  of 
su rrogacy  ana lyses in  o the r n a tu ra l an d  an th ropogen ic  
b en th ic  p a tte rn s  in  o rd er to d e tec t com m on effects and  
to le a rn  if, as W arw ick (1988a) hypo thesized , analyses 
at low er taxonom ic reso lu tion  w ould  b e  ineffective in 
stud ies of na tu ra l en v ironm en ta l variab ility  in  contrast 
to po llu tion  g rad ien ts.

MATERIALS AND METHODS

K ongsfjord is an  o p en  fjord, 26 km  in leng th , situated  
on th e  n o rth w este rn  coast of S p itsbergen , the  m ain  is ­
lan d  of the  S valbard  arch ipe lago  (79° N, 12° E ; Fig. 1). 
D epths ra re ly  ex ceed  350 m. D espite its location  at a 
h ig h  la titude , the  fjord is sub-A rctic in  character, as its 
hydro logy  is in fluenced  by  th e  w arm  A tlantic w ate rs  of 
th e  W est S p itsb erg en  C u rren t (Svendsen  e t al. 2002). 
T h ree  tida l g laciers te rm in ate  in  the  fjord w aters. 
K ongsbreen , s itu a ted  in  th e  innerm ost p a rt of the  fjord, 
is the  m ost active g lacier in  the  S valbard  arch ipelago  
(Lefauconnier e t al. 1994); ea ch  sum m er its m elt w ate rs  
tran sp o rt abou t 2.6 x IO5 m 3 of m ineral m ateria l into the 
fjord (Elverhoi et al. 1983). C oncen tra tions an d  se d i­
m en ta tion  ra tes  of su sp en d ed  inorgan ic  particles d e ­
c rease  by abou t 2 o rders of m ag n itu d e  from  the  K ongs­
b re e n  g lacia l bay  (300 to 500 m g d n r 3 an d  800 g  n r 2 
d -1, respectively) to th e  cen tra l p a rt of the  fjord (20 m g 
d n r 3 an d  25 g  n r 2 d -1; E lverhoi e t al. 1980, Zajacz-
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kow ski 2000). H igh am ounts of m ineral suspensions 
strongly  d ec rease  th e  p en e tra tio n  of ligh t into the  w ate r 
colum n. T he h ighest w a te r tran sp a ren cy  is o bse rved  at 
th e  m outh  of th e  fjord, w h ere  the  euphotic  zone ex tends 
dow n to a d ep th  of 33.5 m. T he eupho tic  zone th ickness 
d ec reases  to 6 -2 5  m  in th e  cen tra l fjord an d  dow n to 
only 0.3 m  in the  g lacia l b ay  (Svendsen e t al. 2002). The 
sed im en ts in  th e  d e e p e r  sublitto ral zone of th e  fjord 
(below  30 m) are  com posed  of silt, w ith  som e sandy  an d  
clayey  adm ix tu res (W lodarska-K ow alczuk & Pearson  
2004). S ed im en ts of the  in n e r an d  o u te r basins are 
sim ilar in  te rm s of th e ir  granulom etry , b u t differ w ith  
re g a rd  to the ir deposition  ra tes  an d  stability  (Elverhoi 
e t al. 1983). T he sed im en t accum ulation  ra te  dec reases  
by  abou t 1 o rd er of m ag n itu d e  from  th e  g lacia l bay  
(20000 g  n r 2 yr_1) to the  cen tra l p a rt of th e  fjord (1800 to 
3800 g  m -2 yr“1'
tu d e  tow ards th e  ou te r fjord (200 g  m  2 yr '■

and, again , by  an o th er o rd er of m agni-
S vendsen

e t al. 2002). In g lacia l bays, the  deposited  m ateria l is not 
com pac ted  an d  is frequen tly  re su sp e n d ed  by  iceb erg  
scouring, sed im en t slides, an d  gravity  flows (Dowdes- 
w ell 1987, Syvitski e t al. 1987), an d  the  stability  of the 
sed im en ts inc reases tow ards th e  cen tra l p a rts  of the 
fjord. T he biotic characteristics of th e  K ongsfjord 
ecosystem  have  b e e n  sum m arized  by  H op e t al. (2002), 
w hile  its physical fea tu re s  have b e e n  d escrib ed  in  d e ­
tail by S vendsen  e t al. (2002).

E ighty  v an  V een  g rab  sam ples (of 0.1 m 2 sam ple 
area) w ere  co llected  at 30 stations located  th roughou t 
th e  fjord at d ep th s ran g in g  from  38 to 380 m  (Fig. 1). 
M ateria l w as co llected  in  Ju ly  of 1997 an d  
1998 du rin g  cru ises of RV 'O cean ia '. The 
sam ples w ere  sieved  th ro u g h  a 0.5 mm  
m esh  an d  fixed in  b u ffe red  4 % fo rm alde­
hyde. T he m acro fauna  w as sorted, counted , 
an d  iden tified  to the  low est possib le ta x o ­
nom ic level. N on-m etric m ultid im ensional 
scaling  (nMDS) of B ray-C urtis sim ilarities 
com pu ted  u sing  th e  species ab u n d a n ce  
d a ta  m atrix  p e rm itted  us to d istingu ish  4 
g roups of sam ples th a t in d ica ted  a 
seq u en ce  of 4 faunal associations located  
along  th e  fjord axis: (1) GLAC, located  in 
th e  K ongsbreen  g lacia l bay; (2) TRANS, at 
th e  ed g e  of th e  K ongsbreen  g lacia l bay  an d  
close to B lom strandbreen ; (3) CENTR, in 
th e  cen tra l basin; (4) ENTR, at th e  fjord 
en tran ce  (Fig. 1; W lodarska-K ow alczuk &
P earson  2004). T he associations w ere  
clearly  se p ara te  at the  level of bo th  d om i­
n an t num bers an d  en tire  species lists; this 
w as d o cu m en ted  by  th e  ana lyses of d a ta  
su b jec ted  to a ran g e  of transform ations 
(from no transfo rm ation  to p re se n ce / 
ab sen ce  data; W lodarska-K ow alczuk &
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P earson  2004). T here  w ere  significant d iffe rences in 
th e  d iversity  of th e  4 associations th a t cou ld  b e  re la ted  
to g lacia l d is tu rb an ce  level (W lodarska-K ow alczuk et 
al. 2005).

E ight SURROGATE d a ta  m atrices w ere  construc ted  
from  the  BASIC m atrix  of species ab u n d a n ce  in  the 
sam ples: 5 ag g reg a tio n  m atrices (species ab u n d a n ce  
a g g re g a te d  to th e  levels of genus, family, order, class, 
an d  phylum ) an d  3 se lec ted  tax a  m atrices (extracted  
d a ta  for Polychaeta, M ollusca, an d  C ru s ta c e a — the 
m ost dom inan t taxa).

B ray-C urtis sim ilarities of sam ples w ere  com puted  
b a se d  on d a ta  su b jec ted  to a seq u en ce  of tran sfo rm a­
tions (gradually  d ec reas in g  th e  in fluence of dom inan t 
taxa): none, sq u a re  root, an d  p rese n ce /ab se n ce . 
T he re la tionsh ips b e tw e en  the  sim ilarities w ith in  the 
BASIC d a ta  m atrix  an d  th e  8 SURROGATE d a ta  m a ­
trices w ere  ex am in ed  u sing  S p earm an 's  ran k  c o rre ­
la tion  coefficient com p u ted  b e tw e en  co rrespond ing  
e lem en ts  of the  re lev an t m atrices. T he sign ificance of 
co rre la tion  w as d e te rm in e d  w ith  th e  M onte Carlo 
p e rm u ta tio n  p ro ced u re  u sing  th e  RELATE rou tine  of 
th e  PRIMER p rog ram  (C larke & W arw ick 1994). The 
m ultivaria te  p a tte rn s  in  th e  sim ilarity m atrices w ere  
co m p ared  u sing  the  m eth o d  by  Som erfield  & C larke 
(1995), w h e re  ran k  correlations, ca lcu la ted  b e tw e en  
pairs  of sim ilarity m atrices, becom e th e  e lem en ts of a 
second-stage  sim ilarity m atrix, w h ich  is th e n  u sed  as 
an  inpu t m atrix  for second -stage  nM DS ord ination . In 
such  ord ination , each  sym bol rep re se n ts  a sim ilarity
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Spitsbergen

T

Fig. 1. Locations of K ongsfjord a n d  sam p lin g  stations. Sym bols re p re se n t 
associations d istin g u ish ed  in  m u ltivaria te  analysis of all species a b u n ­
d an ces in  sam ples as d esc rib ed  by  W lodarska-K ow alczuk  & P earson  
(2004). GLAC: lo ca ted  in  th e  K o n g sb reen  g lacial bay; TRANS: a t th e  ed g e  
of th e  K on g sb reen  g lacial b a y  a n d  close to B lom strandbreen ; CENTR: 

in  th e  cen tra l basin; ENTR: a t th e  fjord  en tran ce
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m atrix  an d  th e  re la tive  d istances b e tw e en  sym bols 
ind icate  how  sim ilar they  are. Thus, th e  p a tte rn s  in  a 
n u m b er of sim ilarity m atrices from  each  investigation  
can  b e  co m p ared  sim ultaneously  (e.g. to study  the  re l­
ative effects of transfo rm ation  or th e  use of a d a ta  su b ­
set on m ultivaria te  patterns).

T he cu rren t study  also te s ted  w h e th e r  th e  basic 
p a tte rn  d o cu m en ted  by  the  analysis of sim ilarities 
w ith in  th e  BASIC d a ta  m atrix  (the sep ara tio n  of 4 
associations: GLAC, TRANS, CENTR, an d  ENTR) can  
b e  p erce iv ed  at th e  h ig h e r taxonom ic levels or w ith in  
se lec ted  taxonom ic groups. Form al sign ificance tests 
for d iffe rences b e tw e e n  g roups of sam ples be long ing  
to th e  4 associations w ere  p erfo rm ed  u sing  th e  1 -w ay 
ANOSIM  p erm u ta tio n  test (C larke & G re en  1988). 
T he AN OSIM  p ro ced u re  w as app lied  to B ray-C urtis 
sim ilarities of sq uare -roo t transfo rm ed  d a ta  of all 
SURROGATE m atrices.

Richness, d efined  as th e  n u m b er of ta x a  in  a  sam ple 
(S), taxonom ic d iversity  m e asu red  w ith  the  Shannon- 
W iener diversity  loge b ased  index  (H), an d  the  Hurl- 
b e rt rarefac tion  index  for 50 ind iv iduals (ES[50])r as 
w ell as the  ev en n ess  of d istribu tion  of ind iv iduals 
b e tw e en  ta x a  ex p ressed  by  th e  Pielou index  (J), w ere  
ca lcu la ted  for BASIC an d  all SURROGATE d a ta  m a tri­
ces. R elationships b e tw e en  values of diversity  m etrics 
ca lcu la ted  u sing  BASIC an d  all SURROGATE d a ta  
m atrices w ere  exp lo red  u sing  non -param etric  S p ea r­
m an  R ran k  correlation , since, ev en  afte r d a ta  transfo r­
m ation, the  norm ality  of th e  d a ta  d istribu tion  could  not 
b e  assessed .
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Sp/Gn Sp/Fm  Sp/Or Sp/CI Sp/Ph

Fig. 2. Ratio of n u m b ers  of species (Sp) to  n u m b ers of g en era  
(Gn), fam ilies (Fm), o rders (Or), c lasses (Cl), a n d  p h y la  (Ph). 
•  : ra tio  of to ta l n u m b er of spec ies to to ta l n u m b er  of re lev an t 
tax a  fo u n d  in  all s tu d ied  m ateria l; □ : m e a n  (± 0.95 confidence 

in tervals) ra tio  in  sam ples

T he persis ten ce  of p a tte rn s  of richness d e tec ted  at 
th e  species level (differences b e tw e e n  th e  4 faunal 
associations) w ith  low ering  levels of taxonom ic reso lu ­
tion  or w ith in  se lec ted  g roups w as exam ined . O ne-w ay 
analyses of v ariance  (ANOVA) w ere  u se d  to check  for 
significant d iffe rences in  th e  num bers of tax a  p e r  sam ­
ple b e tw e en  associations s tud ied  u sing  d a ta  a g g re ­
g a te d  to fam ily an d  o rd er levels an d  u sing  th e  M ol­
lusca  d a ta  set. T he nu m b ers  of fam ilies w ere  log 
transfo rm ed  prior to ana lyses to assess the  h o m o g e n e­
ity of variance . T he non -param etric  K ruskal-W allis test 
w as u sed  in  all o th e r cases, since, ev e n  afte r tran sfo r­
m ations, th e  norm ality  of d a ta  d istribu tions or the 
hom ogeneity  of variance could  not b e  assessed.

T he d a ta  ana lyses w ere  perfo rm ed  u sing  the  Prim er 
p a c k ag e  V. 6 (C larke & G reen  1988) an d  th e  StatSoft 
softw are S tatistica V. 6.

RESULTS

T he fau n a  w as re p re se n te d  by 38397 ind iv iduals 
be lo n g in g  to 221 species, 159 g en e ra , 90 fam ilies, 41 
orders, 13 classes, an d  9 phyla. T he 108 po lychaete 
species w ere  the  m ost p reva len t, com prising  alm ost 
50%  of all the  species an d  w ere  follow ed by  c ru s­
tacean s  (46 species) an d  m olluscs (39 species). T hese  3 
g roups also d om ina ted  num erically , w ith  P olychaeta 
com prising  from  20 to 95 % of all the  ind iv iduals in  the 
sam ples, M ollusca com prising from  3 to 66% , and  
C ru stacea  com prising  from  1 to 15% . T he ratio  of the 
n u m b er of species to th e  n u m b er of h ig h e r ta x a  in  the 
sam ples w as very  low  for g e n e ra  (m ean ± SD: 1.1 ± 
0.1), fam ilies (1.4 ± 0.2), an d  o rders (2.0 ± 0.4) and  
m uch  h ig h e r for classes (6.7 ± 1.9) an d  phy la  (8.9 ± 2.8) 
(Fig. 2).

Patterns of distribution

T he low  stress va lues on  all th e  2 -s tag e  ord ination  
plo ts ind icate  th e  excellen t b id im ensional re p re se n ta ­
tion  of m ultid im ensional space (Figs. 3 & 4). T he g en u s 
a g g re g a te d  m atrix  w as m ost sim ilar to th e  BASIC 
m atrix, especially  w h en  th e  square -roo t-transfo rm ed  
or p re se n ce /ab se n ce  d a ta  w ere  co nsidered  (Fig. 3B,C). 
W hen all the  possib le com binations of h ig h e r taxon  
a g g re g a tio n s /d a ta  transform ations w ere  tre a te d  to ­
gether, 2 very  tigh t g roups of m atrices w ere  form ed: 
(1) m atrices for p re se n ce /ab se n ce  d a ta  of species, g e n ­
era , an d  fam ilies an d  (2) m atrices for un transfo rm ed  
an d  doub le -roo t-transfo rm ed  d a ta  of species, genera , 
fam ilies, an d  o rders (Fig. 3D). No m a tte r w h ich  d a ta  
transfo rm ation  w as applied , bo th  the  class an d  phylum  
level of iden tification  w ere  w ell se p a ra te d  from
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Fig. 3. 'S eco n d -s tag e ' n o n -m etric  m ultid im ensional scaling  
(nMDS) o rd ination  of in te r-m atrix  ra n k  corre lations b e tw ee n  
BASIC d a ta  m atrix  (S: all tax a  id en tified  to spec ies level) and  
SURROGATE m atrices co n stru c ted  by  th e  ag g reg a tio n  of sp e ­
cies d a ta  in to  h ig h e r taxonom ic levels: g e n e ra  (G ),fam ilies (F), 
o rders (O), c lasses (C), a n d  p h y la  (P). (A) U n tran sfo rm ed  d a ta  
(no), (B) square-roo t transform ed d a ta  (2), (C) p re sen ce /ab sen ce  
d a ta  (PA), an d  (D) all com binations of m atrices/transfo rm ations

th e  d a ta  ana lyzed  at a  h ig h e r taxonom ic resolution. 
P o lychaete -based -un transfo rm ed  an d  double-root- 
transfo rm ed  SURROGATE m atrices g ro u p ed  most 
tigh tly  w ith  th e  BASIC m atrix  w h en  the  se lec ted  g roup  
m atrices w ere  co n sid ered  (Fig. 4). T he sim ilarity of 
po lychae te  an d  BASIC m atrices w as low er in  the  case 
of p re se n ce /ab se n ce  d a ta  (Fig. 4C,D).

T he S p earm an  ran k  correla tions w ere  significant for 
all s tud ied  SURROGATE m atrices, b u t ex c ee d ed  0.8 
only for m atrices b ased  on ex trac ted  po lychae tes or 
species a g g re g a te d  to genus, family, an d  o rd er levels 
(with the  excep tion  of p re se n ce /ab se n ce  o rd er level 
data) (Fig. 5).

T he d istribu tion  of sam ples b e lo n g in g  to th e  4 asso ­
ciations is visually  alm ost iden tical on  nM DS plots 
c re a te d  for d a ta  ana lyzed  at the  species, genus, an d  
fam ily levels (Fig. 6). H igh values of th e  A NOSIM  R 
statistic confirm ed clear sep ara tio n  of th e  associations 
(.R = 0.90 for species data , 0.89 for g en e ra , an d  0.87 for 
fam ilies). T he ANOSIM  test se p a ra te d  the  associations 
in  po lychae tes (R = 0.89) an d  d a ta  a g g re g a te d  to the 
o rd er level (R = 0.83) m atrices equally  w ell, b u t the 
p a tte rn s  of sam ple d istribu tion  on th e  re lev an t nM DS

stress: 0.04stress: 0 mPAmpa

Fig. 4. 'S econd-stage ' nM D S ordination  of in ter-m atrix  ran k  cor­
re la tio n s b e tw e e n  BASIC d a ta  m atrix  (S: all ta x a  iden tified  to 
species level) an d  SURROGATE m atrices constructed  by  th e  ex­
trac tion  of d a ta  from  se lec ted  taxonom ic groups: Polychaeta  (P), 
M ollusca (M), a n d  C ru stacea  (C). (A) U ntransfo rm ed  d a ta  (no), 
(B) sq u a re-ro o t tran sfo rm ed  d a ta  (2), (C) p re sen c e /a b se n ce  
d a ta  (PA), an d  (D) all com binations of m atrices/transfo rm ations

plots w ere  slightly  d is tu rb ed  w h en  co m p ared  to a plot 
com p u ted  for th e  BASIC d a ta  m atrix  (Fig. 6). T he low 
v alues of th e  ANOSIM  R statistic (and a v isual in sp e c ­
tion  of th e  nM DS plots) in d ica ted  th a t the  associations 
w ere  not sep arab le  w h en  d a ta  w ere  a g g re g a te d  to

se lec ted  groups
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Fig. 5. S p ea rm an  ra n k  co rre la tion  b e tw e e n  a  m atrix  of sim i­
larity  of th e  BASIC d a ta se t com prising  all tax a  id en tified  to 
th e  spec ies leve l (Sp) a n d  SURROGATE m atrices constru c ted  
for se lec ted  groups: C ru stacea  (Cr), M ollusca  (Mol), an d  Poly­
c h ae ta  (Pol), a n d  for h ig h er taxonom ic levels: g e n e ra  (Gn), 
fam ilies (Fm), o rders (Or), c lasses (Cl), a n d  p h y la  (Ph). All 

corre lations w e re  sign ifican t a t p  < 0.05
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analyses. T he p lo ts w e re  constru c ted  u s in g  th e  BASIC d a ta se t com prising  all tax a  id en tified  to  th e  spec ies lev e l (Sp) a n d  SURRO­
GATE m atrices co n stru c ted  for se lec ted  groups: C ru stacea  (Cr), M ollusca  (Mol), a n d  Po lychaeta  (Pol), a n d  for h ig h e r  taxonom ic 
levels: g e n e ra  (Gn), fam ilies (Fm), o rders (Or), c lasses (Cl), a n d  p h y la  (Ph). Sym bols re p re se n t associations d is tin g u ish ed  in  
th e  an aly ses of th e  BASIC d a ta se t (as d esc rib ed  by  W lodarska-K ow alczuk  & P earso n  2004): (♦) GLAC, (O) TRANS, ( • )  CENTR, 

(O) ENTR. R: A N O SIM  sta tistics for g lobal tes ts  of d ifferences b e tw e e n  associations (p = 0.001 in  all cases)

class or phylum  level or only m olluscs or c ru staceans 
w ere  ana lyzed  (Fig. 6).

Patterns of diversity

All diversity  m easu res  com pu ted  u sing  g e n e ra  an d  
fam ilies w ere  very  strongly  co rre la ted  to those  ca lcu ­
la ted  for species d a ta  (R > 0.95, p < 0.05; Fig. 7). The 
co rrela tions w ere  also h ig h  in  cases of o rders an d  
ex trac ted  anne lid s (R > 0.75, p < 0.05). T he correla tions 
for classes an d  phy la  w ere  still significant for S an d  
ES[50], b u t no significant co rrela tion  at p < 0.05 w as 
d e tec ted  for H  an d  J  (Fig. 7). W hile m ollusc-based  
d iversity  m easu res  w ere  m odera te ly  co rre la ted  to the 
w hole m acroben th ic  com m unity  d iversity  (R ~ 0.5),

c ru s ta ce an  d iversity  variab ility  d id  not m atch  th a t of 
th e  BASIC d a ta se t (Fig. 7).

T he species richness p a tte rn s  ob se rv ed  along  the 
g lacia l d is tu rb an ce  g rad ien t (lowest m ean  d iversity  in 
n e a r  g lacia l sam p les-a sso c ia tio n  GLAC; m axim um  
m ean  diversity  in  the  transitional z o n e — association  
TRANS) pers is ted  w h en  taxonom ic reso lu tion  w as low ­
e re d  to th e  genus, family, an d  o rd er levels (Fig. 8). The 
po lychae te  richness w as th e  low est in  association  
GLAC, bu t it d id  not differ b e tw e en  th e  rem ain ing  
g roups of sam ples. T here  w as no cline of d iversity  of 
m olluscs in  near-g lac ia l areas, w hile  th e  p e a k  of d iv e r­
sity in  th e  transitional zone w as very  pronounced . 
C ru stacean  species nu m b ers  d id  not vary  b e tw e en  the 
4 associations d is tin g u ish ed  by BASIC d a ta se t m u lti­
varia te  ana lyses (Fig. 8).
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Fig. 7. S p ea rm an  ra n k  corre lations b e tw e e n  diversity  m e a ­
su res  (S: n u m b er of tax a  p e r  sam ple; ES[50]: H u rlb e rt index; 
H : S h annon-W iener index; J: P ie lou  index) of BASIC d a ta se t 
com prising  all tax a  id en tified  to spec ies leve l (Sp) a n d  SUR­
ROGATE m atrices co n stru c ted  for se lec ted  groups: C ru stacea  
(Cr), M ollusca (Mol), a n d  Po lychaeta  (Pol), a n d  for h ig h e r ta x ­
onom ic levels: g e n e ra  (Gn), fam ilies (Fm), o rders (Or), classes 
(Cl), a n d  p h y la  (Ph). Solid sym bols in d ica te  sign ifican t co rre ­

lations (at p  < 0.05)

DISCUSSION

T he resu lts of th e  cu rren t study  dem o n stra te  tha t 
th e re  is a strong  correla tion  b e tw e en  the  na tu ra l b e n ­
th ic d iversity  an d  d istribu tion  p a tte rn s  ob se rv ed  at the 
level of species, genus, an d  family. Little in form ation  is 
lost ev en  if th e  o rganism s are  only iden tified  to the 
o rd er level. S im ilarly h ig h  correla tions a re  ob ta in ed  
w h en  an n e lid  species a re  ex trac ted  from  th e  BASIC 
d a ta se t an d  ana lyzed  separate ly . T he cu rren t resu lts 
ind icate  th a t in te rm ed ia te  taxonom ic levels or a se lec ­
tion  of annelids a re  possib le su rroga tes  sufficient to 
docum en t th e  b en th ic  resp o n se  to natu ra lly  p ro d u ced  
d is tu rb an ces or env ironm en ta l change.

It is in tu itively  reaso n ab le  th a t th e  h ig h e r taxon  rich ­
n ess m ay b e  a good p red ic to r of the  p a tte rn s  of species 
richness w h en  the  ratio  of th e  n u m b er of species to the 
n u m b er of re lev an t tax a  is close to 1 (D oerries & V an 
Dover 2003). T he low  ratios o bse rved  in  th e  cu rren t 
sam ples for g e n e ra  (1.3) an d  fam ilies (1.9) exp lain  the 
excellen t perfo rm ance  of the  2 tax a  in  the  su rrogacy  
tests. T he p a tte rn s  of o rders (with th e  ratio  of num bers 
of sp ec ies/n u m b ers  of o rders eq u a l to 2.0) w ere  still 
significantly  co rre la ted  to p a tte rn s  of species, a lthough  
w ith  low er precision. For b o th  classes an d  phy la  the 
sp e c ie s/h ig h e r tax a  ratio  in c reased  an d  the  pred ic tive 
po ten tia l d ro p p ed  dram atically . G ian g ran d e  e t al. 
(2005) claim ed  th a t taxonom ic sufficiency can  w ork

only in  b rack ish  w aters, w h ere  very  few  species 
be lo n g in g  to d iffe ren t g roups a re  ab le  to th rive and  
sym patric spécia tion  is red u c ed  or ab sen t d u e  to short 
evo lu tionary  tim e. T hey  u se d  the  sp e c ie s/h ig h e r taxa 
ratio  as a  m easu re  of th e  applicab ility  of taxonom ic suf­
ficiency (TS) to d ifferen t d a tase ts  (w ithout actually  
te s tin g  it) an d  p red ic ted  th a t in  h a rd  substra tes, w h ere  
th e  n u m b er of sp ec ie s/n u m b er of fam ilies ratio  often 
ex ceed s 6, TS canno t w ork. T he h ig h  sp ec ie s/h ig h e r 
ta x a  ratio, how ever, does not d irectly  induce  in e ffec­
tive TS perfo rm ance  (e.g. com pare  the  h ig h  TS p o te n ­
tial of the  phylum  level w ith  the  very  h ig h  spec ies/ 
phy la  ratio  in  several pollu tion stud ies c ited  in 
T able 1).

T he p a tte rn s  of d istribu tion  an d  d iversity  of fam ilies 
m a tch ed  perfec tly  w ith  those  ob se rv ed  at th e  species 
level in  the  cu rren t study. A com parison  of several 
o th e r TS stud ies ind icates th a t the  fam ily level is the 
th resh o ld  level sufficient to d escribe  the  p a tte rn s  of 
b en th ic  d iversity  an d  d istribu tion  in  all rep o rted  com ­
b ina tions of possib le im p acts /h ab ita ts  (Table 1). The 
TS perfo rm ance  of h ig h e r taxonom ic levels (orders, 
classes, an d  phyla) v a ried  in  d iffe ren t stud ies (Table 1). 
As n o ted  by  W arw ick (1993), species variab ility  can  be 
easily  tran s la te d  into fam ily d istribution , as a family 
usually  rep re se n ts  a rela tively  uniform  g roup  of a n i­
m als of consisten t basic  functional traits such as fe e d ­
ing, mobility, or spa tia l behav io r characteristics (as 
described , for exam ple , for po lychaete  w orm s by 
F aucha ld  & Ju m ars  1979) an d  so m ay reac t to en v iro n ­
m en ta l fluctuations in  a sim ilar way.

W arw ick (1988a) su g g es ted  th a t h ig h e r taxonom ic 
levels can  reflect pollu tion  g rad ien ts, b u t not n a tu ra l 
env ironm en ta l variability, the  la tte r d riv ing  species 
rep lacem en t ra th e r  th a n  shifts in  m ajor tax a  com ­
position. The h ie ra rch ica l-response-to -stress theory  
suggests  th a t as stress increases, first adap tab ility  of 
individuals, follow ed by  species, genus, etc. is e x ­
ceed ed . Im pacts resu ltin g  from  in creasin g  stress are 
accum ula ted  at increasing ly  h ig h e r taxononim ic 
levels. As d is tu rb an ce  increases, th e  faunal g rad ien ts  
becom e stro n g er and, therefo re , im pacts can  b e  d e ­
te c te d  w ith  low er taxonom ic resolution . T he few  
p u b lish ed  TS stud ies th a t focused  on  na tu ra l ben th ic  
p a tte rn s  an d  th e  only one th a t ad d re ssed  soft-bottom  
m acro fauna  (De Biasi e t al. 2003) con trast w ith  a 
n u m b er of soft-bottom  an th ropogen ic  im pact stud ies 
(Table 1). In con trast to W arw ick 's (1988a) p re d ic ­
tions, the  good perfo rm ance  of TS w as clearly  ev i­
d e n c e d  by a few  pu b lish ed  stud ies of n a tu ra l ben th ic  
variability , a lthough  the  n a tu ra l p a tte rn s  ob se rv ed  at 
th e  species level h av e  n ev e r persis ted  at th e  coarsest 
taxonom ic level (classes an d  phyla), as h as  b e e n  d o c ­
u m e n ted  in  several an th ropogen ic  d is tu rb an ce  s tu d ­
ies (Table 1).
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Fig. 8. T axonom ie richness (num ber of tax a  p e r  sam ple) in  4 b en th ic  associations d istin g u ish ed  by  m u ltivaria te  analyses of all sp e ­
cies ab u n d an c es  in  sam ples (as d esc rib ed  in  W lodarska-K ow alczuk  & P earso n  2004). G: GLAC; T: TRANS; C: CENTR; E: ENTR. 
M ean s ± 0 .9 5  confidence in te rvals a re  p lo tted . T he p lo ts w e re  constru c ted  u s in g  th e  BASIC d a ta se t com prising  all tax a  iden tified  
to species lev e l (Sp) a n d  SURROGATE m atrices co n stru c ted  for se lec ted  groups: C ru stacea  (Cr), M ollusca (Mol), a n d  Po lychae ta  

(Pol), a n d  for h ig h er taxonom ic levels: g e n e ra  (Gn), fam ilies (Fm), o rders (Or), c lasses (Cl), a n d  p h y la  (Ph)

T he taxonom ic sufficiency ap p ro ach  has obvious 
advan tages; th e  cost an d  tim e sav ings m ay b e  tre m e n ­
dous, for exam ple , iden tification  to th e  fam ily or o rder 
can  red u c e  costs by  50 an d  80% , respectively  (Ferraro 
& Cole 1995) an d  sam ple p rocessing  tim e can  be 
re d u c ed  by 40 an d  76% , respectively  (Thom pson et 
al. 2003). In d ee p -sea  surveys, iden tification  to the 
g en u s  level only req u ires  abou t half of the  tim e 
n e e d e d  to identify  ind iv iduals to th e  species level 
(Doerries & V an D over 2003). T here  a re  too few  ta x ­
onom ists to p rocess all th e  w ork  th a t n eed s  to be 
done, especially  w ith in  th e  lesser-know n groups. For 
exam ple , th e re  a re  p resen tly  <10 specialists w orld ­
w ide w ho are  ab le  to identify  sipuncu lan  w orm s p ro p ­
erly  (M urina e t al. 1999). Not only is it ea sie r an d

c h e a p e r  to tra in  personne l to sort to taxonom ic levels 
h ig h e r th a n  species, the  risk of po ten tia l taxonom ic 
classification erro r is also low er at a h ig h e r level of 
iden tification  (Dauvin e t al. 2003). H igher g roups are 
often  m ore clearly  defin ed  th a n  are  species (Gaston 
2000), w h ich  m eans th a t h ig h e r ta x a  identifications 
can  b e  m ore re liab le  an d  consisten t across d iffe ren t 
labora to ries (see e.g. Ellis & C ross [1981] for iden tifi­
ca tion  accuracy  tests  perfo rm ed  at 9 estab lish ed  
m arine  ben th ic  laboratories). Finally, th e  fau n a  in  sev ­
era l rem o te  or poorly in v estig a ted  reg ions across the 
w orld 's oceans has yet to b e  described , an d  species 
level iden tifications a re  not possib le w ithou t the  co n ­
c e rted  effort of a team  of h igh ly  specia lized  taxonom ic 
ex p e rts  (Bouchet e t al. 2002).
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T able  1. T axonom ic sufficiency d o cu m en ted  for n a tu ra l an d  an th ro p o g en ica lly  in d u ce d  b en th ic  p a tte rn s . T he taxonom ic leve l is 
r e g a rd e d  as sufficient (+) w h e n  R > 0.75. In d istribu tion  stud ies , R s tan d s for a  S p ea rm an  ra n k  co rre la tion  of re le v an t sim ilarity  
m atrices. In d iversity  stud ies , R s tan d s for th e  co rre la tion  b e tw e e n  n u m b ers of spec ies a n d  th e  n u m b ers  of re le v an t ta x a  in  th e  
sam ples. W hen  possib le , th e  ra tio  of th e  n u m b er of spec ies to th e  n u m b er of re le v an t h ig h er ta x a  in  a  g iven  s tu d y  is ca lcu la ted  

a n d  p re se n te d  in  p a ren th eses . A dot in d ica tes  no  analysis co n d u cted  at a  re le v an t taxonom ic level

Type of study G enus Fam ily O rder Class Phylum Source

Soft bottom -natural patterns
G lacial sed im en tatio n  g rad ien t + (1.4) + (2.5) + (5.3) -(1 7 .0 ) -  (24.6) P resen t study
E stuarine  g rad ien t + (1.2) + (1.5) -(3 .5 ) -(1 1 .4 ) -  (19.0) De Biasi et al. (2003)
Soft bottom -anthropogenic  disturbance
D redg ings disposal + + + Som erfield  & C larke  (1995)
H eavy  m eta l contam ination + + + Som erfield  & C larke  (1995)
O rganic  po llu tion8 + (2.1) -(1 3 .6 ) W arw ick (1988a)
Oil drilling pollu tion + (1.1) + (1.5) + (3.7) + (8.7) + (15.6) O lsgard  e t al. (1997)
Sew age  d ischarge + + + - T hom pson et al. (2003)
Oil drilling pollu tion + + + /- - - O lsgard  & Som erfield  (2000)
Pulp-m ill effluen t8 + (2.6) + (12.8) W arw ick (1988b)
Sew age  slu d g e8 + (1.8) + (8.3) W arw ick (1988b)
H ydrocarbon  po llu tion8 + W arw ick (1988b)
H eavy  m eta l contam ination + (1.3) + (2.2) + (5.1) -(1 5 .5 ) V anderklift et al. (1996)
Fish fa rm ing  effectsb + + + + + L am padariou  e t al. (2005)
Other habitats
Kelp assoc ia ted  fa u n a -d o m es tic  effluents outfall8 + (1.9) + (5.8) + (12.7) + (21.6) Sm ith & Sim pson (1993)
P eb b le-san d  b e a c h e s -e s tu a r in e  g rad ien t + - - D eth ier & Schoch (2006)
D eep -sea  m usse l b e d s-d iv e rs ity  assessm ent + (1.2) + (1.7) + /- D oerries & V an D over (2003)
H ard  b o tto m -e s tu a r in e  g rad ien t8 + (1.4) U rk iaga-A lberd i et al. (1999)

8O nly v isual inspection  of th e  goodness of fit of MDS plots pe rfo rm ed  at d ifferen t taxonom ic levels
O nly resu lts  for sam ples co llected  w ith  v a n  V een  g rab  a n d  sieved  on 0.5 m m  are  p re sen te d

cPlus sig n  ind ica tes significant discrim ination  b e tw e e n  control a n d  im p ac ted  sites u s in g  A NOSIM

B ased on  th e  ex trac ted  ab u n d an ces of 3 taxonom ic 
g roups (Polychaeta, C rustacea, an d  M ollusca), the  c u r­
ren t ana lyses show ed  th a t po lychae te  diversity  an d  
d istribu tion  p a tte rn s  w ere  b est co rre la ted  to those of 
th e  w hole da tase t. This is certa in ly  lin k ed  d irec tly  to 
th e  h ig h  dom inance of th is group . P olychaetes com ­
p rised  alm ost 70%  of all th e  sam p led  m acroben th ic  
individuals; thus, the  variab ility  of po lychaete  p o p u la ­
tions m ust have strongly  in fluenced  th e  p a tte rn s  
o bse rved  for th e  w hole b en th ic  com m unity. A nnelid  
d iversities an d  ab u n d a n ce s  drop  dram atically  w h en  
th e  w orm s are  exposed  to g lac ier-derived  m ineral se d ­
im en ta tion  (Kendall 1994). T he suspension -feed ing  
w orm s are  e lim ina ted  from  n e a r  g lacia l a reas  as the 
h ig h  m ineral sed im en ta tion  can  clog th e  feed ing  an d  
resp ira to ry  organs. T ube-dw elling  po lychae tes are 
also very  sensitive to sed im en t instab ilities an d  h igh  
sed im entation , as these  can  bu ry  th e  tubes, im pede 
irrigation , an d  resu lt in  suffocation. T he m obile 
dep o sit-feed in g  po lychae tes a re  confron ted  w ith  the 
low  am ount of ava ilab le  o rgan ic  m atter, as the  h igh  
tu rb id ity  red u ces  prim ary  p roduction  in  the  w ate r 
co lum n an d  o rgan ic  m a tte r sed im en ting  to the  bottom  
is d ilu ted  by the  h igh  inorgan ic  sed im en t load  (Wlo­
darska-K ow alczuk  e t al. 2005). M olluscs resp o n d  to

g lacia l d istu rbances d ifferently , as p ro tob ranch  b i­
valves seem  to cope very  w ell w ith  bo th  sed im en t 
instab ilities an d  th e  d ilu tion  of o rgan ic  m a tte r and  
occur in  la rg e  nu m b ers  in  g lacia l bays (W lodarska- 
K ow alczuk e t al. 1998, W lodarska-K ow alczuk & P e a r­
son 2004). Yoldiid b ivalves a re  w ell su ited  to resis ting  
g lacia l sed im entation , as they  are  re la tive ly  m obile 
th a n k s  to a la rg e  an d  m uscu lar foot, possess an  effi­
c ien t m echan ism  of elim ination  of p seudofaeces from  
th e  m an tle  cavity, an d  can  efficiently  sort the  organic 
partic les co llected  w ith  use of long  palp  proboscides. 
T herefore, m ollusc d iversity  does not decline , an d  its 
ab u n d a n ce  can  ev e n  inc rease  as proxim ity to the  g la c ­
ier in c reases  (W lodarska-K ow alczuk 2007). T he m ax i­
m um  m ollusc richness in  the  TRANS association  w as 
tran s la te d  into a p e a k  of d iversity  for th e  w hole m a c­
roben th ic  com m unity, b u t no sim ilar p a tte rn  w as 
ob se rv ed  w h en  po lychae tes a lone w ere  ana lyzed  
(Fig. 8). C ru s tacean  variab ility  w as least co rre la ted  to 
th e  overall m acroben th ic  com m unity  p a tte rn s  o b ­
se rv ed  in  th e  cu rren t study. T he n u m b ers  of c ru stacean  
species d id  not vary  b e tw e en  th e  4 faunal associations 
iden tified  along the  g lacie r d is tu rb an ce  g rad ien t, 
w h ich  suggests  th a t env ironm en ta l factors o ther th an  
g lacia l sed im en ta tion  drive the  spa tia l variability
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p a tte rn s  of this g roup  of anim als. T he d iffe ren t 
response  of the  cru stacean s m ay also derive  from  the 
h ig h e r re la tive  m obility of this g roup  (as co m p ared  to 
po lychae tes or molluscs).

O lsgard  & Som erfield  (2000) su g g e sted  th a t po ly­
ch ae tes  a re  a po ten tia lly  good su rro g a te  taxon  as they  
exh ib it re la tive ly  la rg e  en v ironm en ta l flexibility an d  
h ig h  d iversity  of feed ing  an d  functional guilds, re p ro ­
ductive stra teg ies, an d  levels of pollu tion  resistance. 
In a  N orth  S ea oil field study, po lychaetes w ere  good 
p red ic to rs of the  m acroben th ic  response  to severe  
pollu tion g rad ien ts, b u t w ere  not co rre la ted  to na tu ra l 
ben th ic  variab ility  at u n im p acted  sites. In a ben th ic  
study  of N ew found land  fjordic sed im ents conduc ted  
by  Q uijon & S nelgrove (2005), po lychae te  diversities 
ex p la in ed  75%  of the  varia tion  in  all m acroben th ic  
species co llected  on m ud, b u t only 22 % in  sam ples col­
lec ted  on  a sandy  bottom . O th er stud ies repo rt ex ce l­
len t su rro g a te  perfo rm ance  of m olluscs (e.g. th e  d iv e r­
sity assessm en t of rocky shore m acro fauna by Sm ith 
[2005] an d  the  study  of kelp  ho ld fast-assoc ia ted  fauna  
by  A nderson  e t al. [2005]). T he p red ic tive  po ten tia l of 
se lec ted  g roups in  m acroben th ic  investiga tions seem s 
to d e p e n d  on  th e  n a tu re  of s tress-g en era tin g  factors 
an d  hab ita t/com m unity  type. This suggests  th a t su rro ­
g a tes  b ased  on se lec ted  taxonom ic g roups should  be 
ap p lied  w ith  m uch  caution , especially  if th e  pred ic tive 
va lue  of a g iven  g roup  in  a s tud ied  locality  has  not 
b e e n  te s ted  in  a  pilot study.

CONCLUSIONS

T he iden tification  of all an im als to the  species level 
ce rta in ly  prov ides the  m ost com prehensive  in fo rm a­
tion  on ben th ic  popu la tion  variability. Thus, it rem ains 
th e  p re fe rre d  approach ; how ever, if it is im possible an d  
a su rro g a te  m ethod  has to b e  chosen, th e n  the  TS 
a p p ro ach  is reco m m en d ed  over ana lyses lim ited  to just 
one taxonom ic group. It h as  b ee n  d em o n stra ted  that, 
a long  a na tu ra l d is tu rb an ce  g rad ien t, po lychaetes m ir­
ro re d  p a tte rn s  of all species d istribu tion  an d  diversity  
as w ell as the  in te rm ed ia te  taxonom ic levels (genera, 
fam ilies, orders). N evertheless, w e co n ten d  th a t m ore 
in form ation  on th e  variab ility  of responses to en v iro n ­
m en ta l factors is lost by  focusing on only a fraction  of 
th e  m acroben th ic  com m unity  th a n  by low ering  the 
taxonom ic resolution . M oreover, th e  perfo rm ance  of 
se lec ted  taxonom ic g roups as su rro g a tes  for the  w hole 
m acroben th ic  com m unity  varies significantly  across 
d iffe ren t h ab ita t an d  env ironm en ta l reg im es. T he TS 
a p p ro ach  seem s to p ro d u ce  far m ore consisten t resu lts 
w h en  ap p lied  to d iffe ren t situations/datase ts . In all of 
th e  stud ies sum m arized  in  T able 1, the  fam ily-level 
p a tte rn s  w ere  good  p red ic to rs of species-level v a ria ­

bility. This suggests  th a t fam ilies could  b e  u sed  as a 
re liab le  m easu re  of ben th ic  response  to env ironm en ta l 
g rad ien ts  w h en  species iden tifications a re  not ava il­
able. C ertainly, w h en  possible, the  m ateria l should  be 
arch ived  so th a t low er level taxonom ic iden tification  
could  b e  conduc ted  in  th e  fu ture . M ore stud ies cover­
ing  a w ide  ran g e  of h ab ita ts  an d  env ironm en ta l drivers 
a re  n e e d e d  to confirm  the  g en e ra l app licab ility  of 
fam ily TS in  m arine ben th ic  ecology. T h ere  m ight be 
several cases in  w hich  TS does not w ork, an d  the 
pub lication  of such exam ples should  b e  en co u rag ed  
v igorously  to en su re  th a t an o th er 'file d raw er p rob lem ' 
(i.e. strong  n eg a tiv e  b ias aga in st p ub lish ing  n o ­
re la tionsh ip  results; C sad a  e t al. 1996, G aston  2000) 
does not occur.

A ck n o w led g e m e n ts .  T he s tudy  w as co m ple ted  th an k s  to 
fu n d in g  p ro v id ed  b y  G ran t N304 034 31/1202 from  th e  S ta te  
C om m ittee  for Scientific R esearch . T he au tho rs ack n o w led g e  
th e  su p p o rt of th e  M arBEF N etw o rk  of E xcellence 'M arine  
B iodiversity  a n d  E cosystem  F u n c tio n in g ', w h ich  is fu n d e d  by  
th e  S u sta in ab le  D evelopm ent, G lobal C h an g e  a n d  Ecosys­
tem s P rogram m e of th e  E u ro p ea n  C om m unity 's Sixth F ram e­
w o rk  Program m e (C ontract No. G O C E-CT-2003-505446). 
This p u b lica tio n  is C on tribu tion  N u m b er M PS-07041 of M ar­
BEF a n d  is a  con tribu tion  to th e  M arBEF resp o n siv e  m ode 
p ro g ram  ArctEco.
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