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ABSTRACT: Local spec ies  d iversity  m ay b e  d e te rm in e d  by  p ro cesses  o p e ra tin g  locally, such  as d is ­
tu rb an ce , p re d a tio n  an d  com petition , o r by  reg io n a l p rocesses, such  as en v iro n m en ta l s tru c tu rin g  
or h istory. C lassica l th e o ry  focusing  on  com petition  p red ic ts  th a t th e  species com b in in g  to form  
com m unities w ill b e  less sim ilar to ea ch  o th e r  th a n  th ey  w o u ld  b e  if th ey  w e re  a ssem b led  at r a n ­
dom  from  a reg io n a l spec ies  pool. T h eo ry  focusing  on  en v iro n m en ta l s tru c tu rin g  p red ic ts  th a t s p e ­
cies w ill b e  m ore sim ilar to e a c h  o th e r  th a n  e x p e c te d  by ch an ce . A ran d o m isa tio n  te s t th a t d e te r ­
m ines th e  e x ten t to w h ich  local spec ies  lists re p re se n t ran d o m  se lec tions from  a reg io n a l list, b a se d  
on th e  av e rag e  re la te d n e ss  b e tw e e n  species, w as a p p lied  to d a ta  h e ld  in  th e  M acroB en  d a tab a se . 
L ittle o r no ev id en c e  w as found  for spec ies  lists of w ho le  fau n as at an y  scale b e in g  ran d o m  subse ts  
of species lists a t la rg e r  scales. S pecies te n d  to b e  m ore closely  re la te d  to e a c h  o th e r  th a n  w o u ld  b e  
ex p e c ted  if th e y  w ere  a ssem b led  at random . T hus m arine  so ft-sed im en t m acro fau n a  a re  no t locally  
assem b led  at ran d o m  from  reg io n a l spec ies  pools an d  it is likely  th a t reg io n a l p ro cesses  d e te rm in e  
th e  assem bly  of com m unities. F ocusing  on  th e  m ost a b u n d a n t class w ith in  th e  m acro fauna , a d if­
fe ren t p a tte rn  em erg es , in  th a t th e re  is a m u ch  s tro n g e r te n d en c y  for local p o ly ch ae te  com position  
to b e  a ran d o m  su b se t from  reg io n a l pools at all scales. T hus it is no t possib le  to d e te rm in e  w h e th e r  
local p o ly ch ae te  d iversity  is in d e p e n d e n t of bo th  local an d  reg io n a l p rocesses , or d e te rm in e d  by  a 
com bination  of b o th  ac tin g  an tagon istica lly .
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INTRODUCTION

T he id e a  th a t species occurring  in  a p articu la r p lace 
at a  p articu la r tim e are  not sim ply a random  collection 
is not n ew  (R aunkiæ r 1934, W illiams 1947) an d  th e re  
have  b e e n  a n u m b er of a ttem p ts  to m odel th e  w ay  in 
w hich  ac tua l com m unities com e to b e  (D iam ond 1975, 
Tofts & S ilvertow n 2000). In essence, stud ies focus on 
th e  re la tionsh ip  b e tw e e n  local (how ever defined) sp e ­
cies com position an d  species pools reflec ting  species 
w hich  could  occur in  the  local assem blage  (regional 
pools). A ssem bly is cons idered  to b e  a  fundam en ta l

process u n d erp in n in g  th e  construction  an d  evolution  
of b iological system s (Drake 1990), an d  th e re  a re  2 
v iew s of how  non-random ness in  species com position 
arises an d  how  it re la tes  to th e  set of po ten tia l 
colonists. M any ecological stud ies focus on in teractions 
b e tw e en  organism s, gen era lly  conclud ing  th a t co m p e­
tition is of p rim ary  im portance in  d e term in in g  species 
com position an d  th a t com petition  is g rea te s t b e tw e en  
those species th a t a re  m ost sim ilar (e.g. Jo h an sso n  & 
K eddy 1991, W ilson & W atkins 1994, W ilson & G itay 
1995), so com m unities a re  m ost stab le  w h en  coexisting  
species a re  dissim ilar an d  traits a re  ov erd isp ersed  w ith
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resp ec t to an  ap p ro p ria te  nu ll m odel. A n alternative  
v iew poin t (e.g. Sch im per 1903, Tofts & S ilvertow n 
2000) is that, g iven  a set of env ironm en ta l conditions, 
only species possessing  ce rta in  subse ts of a ttribu tes 
will b e  ab le  to estab lish  them selves in  a  com m unity, 
lead in g  to an  assem blage  in  w hich  traits a re  u n d e r­
d isp e rsed  w ith  resp ec t to a nu ll m odel.

Issues concern ing  assem bly  ru les, an d  the  a p p ro p ri­
a teness  of nu ll m odels, h av e  b e e n  th e  sub ject of v ig o r­
ous d eb a te  am ongst ecologists for d ecad es  (W eiher & 
K eddy 1999). A lthough  it is possib le to construc t h y p o ­
theses  co ncern ing  the  random ness or o therw ise  of 
local com m unity  assem bly  from  reg iona l species pools, 
in  p rac tice  it is far from  stra igh tfo rw ard  to construct 
sensib le statistical tests  to exam ine such hypotheses. 
Several stud ies h av e  co rre la ted  local species richness 
w ith  reg iona l species richness across d iffe ren t com m u­
nities (e.g. C ornell 1985a,b, Ricklefs 1987, C asw ell & 
C ohen  1993), in te rp re tin g  non-linearities in  th e  re la ­
tionsh ip  b e tw e en  local an d  reg iona l species num bers 
as ev idence  of 'sa tu ra tion ' (Srivastava 1999, Loreau
2000). A no ther ap p ro ach  has b ee n  to m odel assem bly  
explicitly  using, for exam ple , p atch -occupancy  m odels 
(Caswell & C ohen  1991, 1993, H u g u en y  e t al. 2007). A 
p rob lem  w ith  such ap p ro ach es is th a t th ey  te n d  to 
exc lude details of th e  re la tionsh ips b e tw e en  species, or 
at b est to exam ine th em  ra th e r  superficially, focusing 
on num erical d istribu tions ra th e r  th a n  taxonom ic or 
ecological sim ilarities or d iffe rences b e tw e en  o rg a n ­
isms.

O ne ap p ro ach  to investiga ting  com m unity  assem bly 
has b ee n  to exam ine varia tion  in  taxonom ic ratios, 
such as th e  ratio  b e tw e e n  n u m b ers  of species and  
num bers of g e n e ra  (Elton 1946, W illiams 1947). This 
im plies th a t th e  re la ted n e ss  of species in  assem blages 
m ay prov ide usefu l insigh ts into com m unity  assem bly. 
M easu res  b ased  on th e  taxonom ic (W arwick & C larke
2001) or functional (Som erfield e t al. 2008) re la ted n ess  
of species p rov ide an  a lte rna tive  v iew  of b iodiversity  to 
th a t b ased  on n u m b ers  alone. C larke & W arw ick (1998) 
d em o n stra ted  th a t av e rag e  taxonom ic d istinctness (A+), 
th e  m ean  p a th -len g th  b e tw e en  species in  a list th ro u g h  
a taxonom ic tree , has  usefu l sta tistica l p roperties. If all 
species in  a reg iona l list a re  equa lly  likely to a p p e a r  in 
a local assem blage , the  m easu re  is sam ple-size in d e ­
p en d en t, an d  C larke & W arw ick (1998) p re se n t a r a n ­
dom isation  test th a t specifically ad d resses  th e  question  
of w h e th e r  1 species list rep rese n ts  a  random  subse t of 
species from  another. S uch a test p rov ides th e  o p p o r­
tun ity  to ad d ress  re la tionsh ips b e tw e e n  local and  
reg ional species lists explicitly. In add ition  to the  g e n ­
era l ecological in te rest in  assem bly  rules, th e re  is also 
a p rac tica l aspec t to u n d e rs ta n d in g  re la tionsh ips b e ­
tw een  local an d  reg ional species pools. Indices of r e ­
la tedness, an d  the ir associa ted  random isation  tests,

h av e  b e e n  p roposed  as m easu res  of stress in  com m uni­
ties (W arwick & C larke 1995, 1998, 2001); species in 
s tressed  assem blages te n d  to b e  m ore closely re la ted  
to ea ch  o ther th a n  expected . For ind ices of re la ted n ess  
an d  th e ir  associa ted  random isation  tests  to b e  g e n e r­
ally applicab le , w e n e e d  to know  w h at the  ap p ro p ria te  
reg iona l pool m ay b e  aga in st w h ich  to te s t a local sp e ­
cies list.

In th e  p re se n t study  w e app ly  C larke & W arw ick 's 
(1998) test to species occu rrences in  a la rg e  n u m b er of 
sam ples of m acroben th ic  in fau n a  from  across th e  E u ro ­
p e a n  con tinen ta l shelf to ad d ress  2 m ain  issues: (1) Is 
th e re  ev idence  th a t species w ith in  assem blages are 
assem b led  at random  from  reg ional species pools at 
la rg e r spa tia l scales? (2) If so, a re  th e re  ap p ro p ria te  
scales for defin ing  local an d  reg ional species pools? It 
is a rg u ab le  w h e th e r  stud ies of re la ted n e ss  w ith in  
assem blages should  b e  restric ted  to taxonom ically  
co h eren t g roups (C larke & W arw ick 2001, E llingsen  et 
al. 2005). To assess this, ana lyses w ere  conduc ted  
u sing  occu rrence  d a ta  for all m acro -in fauna, an d  th e n  
re p e a te d  u sing  only o ccu rrence  d a ta  for th e  m ost 
ab u n d a n t class, the  polychaetes.

DATA AND METHODS

Data. T he M acroB en d a ta b a se  con tains n early  0.5 
m illion d istribu tion  records of 7203 tax a  at 22 897 s ta ­
tions; a full descrip tion  is g iven  in  V anden  B erghe e t al. 
(2009, this T hem e Section). A m ajor effort w as m ade  to 
harm onise  th e  taxonom y across th e  d iffe ren t d a tase ts  
w ith in  th e  da tab ase : all nam es w ere  m atched , bo th  for 
spe lling  an d  synonym y, w ith  the  E u ro p ean  R egister of 
M arine Species (ERMS; w w w .m arb e f.o rg /d a ta /e rm s. 
php). Raw d a ta  w ere  re ta in ed  w h en e v er possib le to 
allow  m axim um  flexibility d u rin g  analyses. M ost d a ta  
p rov iders also fu rn ished  geo g rap h ica l an d  physical 
data . To w ork  w ith  th e  m ost inclusive, yet m ost co m p a­
rable, d a ta se t possible, w e perfo rm ed  in itial filtering  
on the  d a tab ase . D atasets for w h ich  sub tidal soft-sedi- 
m en t sam ples w ere  co llected  w ith  0.1 m 2 grabs, s ieved  
on 0.5 or 1 m m  m eshes an d  ab u n d an ces reco rd ed  to 
the  species level w ere  se lected . For taxonom ic co n ­
sistency, only d a tase ts  co llected  afte r 1980 w ere  
included , an d  to avoid  confoundm ent, sam ples know n 
to b e  affec ted  by n a tu ra l or an th ropogen ic  stressors 
w ere  excluded . W here possible, d a tase ts  w ith  r e ­
p e a te d  observa tions (e.g. m ultip le  g rabs from  each  
station) w ere  chosen  to allow  tests  at th e  low er levels 
(e.g. ind iv idual g rabs aga in st stations). T he m ain  focus 
of th e  p re se n t study  w as adu lt m acro -in fauna, so taxa 
iden tified  as juven iles  or colonial an im als (e.g. Bryo­
zoa, H ydrozoa, Porifera) w ere  excluded , as w ere  sam ­
ples con tain ing  <5 species, as re la ted n e ss  m easu res
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b ased  on very  few  species a re  too variab le  to b e  of use. 
T he resu lting  da tab ase , on  w hich  the  p rese n t study  is 
based , co n ta in ed  in form ation  on the  d istribu tions of 
2477 species, com prising  63 281 occu rrences d is trib ­
u te d  am ong  1238 sam ples d erived  from  31 orig inal 
d a tase ts  from  con tinen ta l shelf locations d istribu ted  
from  th e  A rctic to the  Black S ea (Table 1).

Local and regional species lists. T here  is no u n iv e r­
sally a g re ed  or sensib le  defin ition  of w h a t constitu tes a 
location  or a reg ion  for the  p u rposes of com paring  local 
an d  reg iona l diversity, or d e te rm in in g  how  local d iv e r­
sity reflects reg iona l pa tte rn s. All th a t m atte rs for the 
defin ition  is th a t the  reg iona l list is la rg e r th a n  the  local 
list. W e took a h iera rch ical ap p ro ach  to exam in ing  
local/reg ional rela tionsh ips. W ithin th e  d a ta b a se  w e 
defin ed  a n u m b er of h ie ra rch ica l g roup ings of sam ­
ples, reflec ting  how  an  investiga to r m igh t choose to

define  species lists for the  p u rposes of conduc ting  tests: 
ind iv idual sam ples (grabs) w ith in  stations, stations 
w ith in  surveys, surveys w ith in  reg ions an d  reg ions 
w ith in  the  com plete da tab ase . Tests w ere  conduc ted  
for all pairs of levels, excep t sam ples aga in st the  
reg iona l lists an d  the  E u ro p ean  list (being th e  com ­
p le te  list of species from  all of the  sam ples in  the  d a ta ­
base), as th e  com putational d em an d s of such  tests 
w ou ld  h av e  b ee n  very  large . Thus species lists from 
ind iv idual g rabs w ere  te s te d  aga in st th e  com bined  
species list from  th e  sta tion  at w hich  th ey  w ere  co l­
lected . Lists from  each  sam ple an d  com bined  lists from 
each  sta tion  w ere  te s te d  ag a in st the  com bined  list from 
the  survey  at w hich  they  w ere  collected. Lists from 
each  sta tion  an d  each  su rvey  w ere  te s te d  aga in st com ­
b in e d  lists from  a reas  w ith in  reg ions, d efined  u sing  a 
ran g e  of schem es, w ith in  w hich  they  w ere  collected.

Lists from  stations, surveys, an d  reg ions 
(areas w ith in  reg iona l schem es) w ere  
te s ted  ag a in st th e  E u ro p ean  list, the  
com bined  list from  all soft-sed im ent 
sam ples in  the  da tab ase .

Several reg ional schem es w ere  u sed  to 
d iv ide E u ro p ean  w ate rs  into areas, r e ­
flecting d ifferent w ays in  w hich an  inves­
tiga to r m ight a ttem p t to construct 'r e ­
g ional' lists for the  pu rposes of tests of 
re la tedness . T hese  w ere: the  schem e 
p roposed  by Fredj (1974); a reas  defined  
by the  In ternational C ouncil for the  E x­
p loration  of th e  S eas (ICES; w w w .ices. 
dk /abou tus/icesareas.asp ); reg iona l seas 
p roposed  by the  In terna tional H ydro- 
g raph ic  O rgan ization  (IHO 1953); la rge  
m arine  ecosystem s (LMEs; w w w .lm e. 
noaa .gov /P ortal/) rev iew ed  by  S herm an  
(1994); reg ions d efined  by the  Oslo-Paris 
Com m ission (OSPAR) for the Q uality S ta­
tus Report process; an d  b iogeochem ical 
prov inces d esc rib ed  by L onghurst 
(1998). A m ore d e ta iled  descrip tion  of 
th ese  classifications (and the ir re la tive  
m erits) can  b e  found  in  A rvanitid is e t al. 
(2009, th is T hem e Section).

Statistical analysis. T he com plete set 
of ana lyses w as co n d u c ted  u sing  all 
m acrofaunal species in  sam ples (with the 
exception of those excluded  using the cri­
te ria  o u tlined  in  'D ata '), an d  ag a in  u sing  
only species w ith in  the  m ost ab u n d a n t 
class, nam ely  th e  polychaetes.

A verage taxonom ic d istinctness (A+), 
a  m easu re  of th e  av e rag e  d e g re e  to 
w hich  species in  an  assem blage  are 
re la ted  to each  other, is defin ed  as:

T able  1. S um m ary  of sources of d a ta  u sed . For de ta ils  see  V an d en  B erghe  et al. 
(2009, th is T hem e Section). Show n are  n u m b ers of sam ples a n d  sta tions u se d  
follow ing d a ta  filtering , a n d  p ro p o rtio n  of th e  to ta l p ro v id ed  b y  th o se  surveys 
co n tribu ting  >1% . P aren th eses: few er sam ples or sta tions u se d  for analyses of 

p o ly ch aete  d a ta  follow ing d a ta  filtering

Survey C ode Sam ples 
No. %

Stations 
No. %

A rctic O cean  an d ar 22 2
B aren ts Sea

Franz Jo sef L and o8 45 2 9 1
K ongsfjord, S p itzb erg en ko 6
H o rnsund , S p itzb erg en hs 34 3
N o rth e rn  B aren ts Sea o2 44 2 10 1
Pech o ra  Sea o7 71 (6 6 ) 3 15 (14) 1
Finm ark 06 275 11 53 4
N o rw eg ian  a n d  B aren ts Seas o4 1146 (1091) 45 183 (129) 15
N o rth  a n d  N o rw eg ian  Seas o3 269 (262) 10 30 (26) 2
Bay of Puck p u 29 2
G ulf of G d an sk g d 13 1
Kiel Bay N3 n3 321 12 1
Kiel Bay in te rca lib ra tio n 70 70 3 1
N o rth  S ea  b en th o s survey ns 231 19
B IO M 0R a o5 51 4
B lanes Bay b l 2
Redit gr 92 7
LBMRev lm 28 2
C esenatico oc 1
C re ta n  shelf k a 199 16
C re te  (Mop) do 56 5
M ytilini M2 71 (70) 3 9 1
Saronikos M3 76 (74) 3 6(5)
Kalam itsi M 6 22 2
K erkyra M7 12 1
K yklades M 8 55 2 14 1
G ialova MO 134 (116) 5 7(6) 1
M egfeod M l 24 2
Strel Bay M4 18 1
Ja ita M5 26 2
Laspi Bay M9 33 3

aD ata  from  M ack ie  et al. (1995)
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A+ = [22:j<jcoJ>]/[,s(,s- l) /2 ] (1)

w h ere  s  is th e  n u m b er of species p resen t, th e  double 
sum m ation  is over {i = j  = l , .. .s , such th a t i < j },
an d  (0j) is th e  'd istinc tness w eig h t' g iven  to th e  p a th  
len g th  link ing  species i an d  j  in  a h ie ra rch ical classifi­
cation  (C larke & W arw ick 1998). As advocated  by 
C larke & W arw ick (1998), va lues  of A+ w ere  b ased  on 
eq u a l s tep -len g th s b e tw e en  taxonom ic levels. For 
m acrofauna, th e  taxonom ic levels u se d  in  th e  p rese n t 
study  w ere  species, genus, family, order, class and  
phylum , accord ing  to th e  classification con tained  
w ith in  the  ERMS. T hus th e  step -len g th  b e tw e e n  a d ja ­
cen t taxonom ic levels w as 16.67, e.g. for d iffe ren t sp e ­
cies in  th e  sam e g en u s co = 16.67, for species in  d iffe r­
en t g en e ra , b u t th e  sam e fam ily co = 33.33, for species 
in  d iffe ren t fam ilies, b u t the  sam e o rd er co = 50, etc., 
an d  co = 100 for species co n n ected  at the  h ig h est (taxo- 
nom ically  coarsest) level. For po lychae tes th e  levels 
w ere  species, genus, o rd er an d  class, an d  s tep -leng ths  
(co = 25) w ere  ad ju sted  accordingly.

V alues of A+ ca lcu la ted  for 'local' species lists w ere  
com pared  w ith  the  ex p e c ted  ran g e  of values from  
'reg ional' lists u sing  th e  rou tine  TAXDTEST in the 
PRIMER softw are (C larke & G orley 2006). S ubsets of m  
species, w h ere  m  is th e  nu m b er of species in  the  local 
list, w ere  d raw n  at random  from  the  reg iona l list an d  A+ 
calcu lated . T he value  of A+ w as ca lcu la ted  from  the 
local species list w as com pared  w ith  th e  d istribu tion  of 
A+ values from  a la rg e  n u m b er (1000 in  the  p rese n t 
study) of random  draw s from  th e  reg ional list. If the 
o bserved  A+ fell ou tside th e  cen tra l 95 % of th e  sim u­
la ted  A+ values, it w as co nsidered  to h av e  d e p a r te d  s ig ­
nificantly  from  expectation : a 2 -sided  test w as ap p ro ­
p ria te  since d e p a r tu re  m ay theore tically  b e  in  the 
d irec tion  of e n h a n ce d  as w ell as red u c ed  d istinctness. 
T he resu lt of each  of the  >1000 tests w as tre a te d  as an 
in d e p en d e n t obse rva tion  for the  p u rpose  of ca lcu lating  
confidence in te rvals  abou t th e  m ean  n u m b er of tests 
falling w ith in  95%  probab ility  in te rvals  for tests  at 
each  level. It could  b e  a rg u e d  th a t a series of tests for 
sam ples from  a p articu la r d a ta se t aga in st a  sing le sp e ­
cies list a re  not strictly in d ep en d en t, bu t w e took the 
v iew  th a t any  a p p a re n t d ec rease  in  variab ility  b e tw e en  
observations in tro d u ced  by  such a lack  of in d e p e n ­
d en ce  w ould  b e  co u n te rb a lan ced  by the  ra n g e  of su r­
veys in c lu d ed  at each  level.

RESULTS

Fig. 1 is a h igh ly  co n d en sed  sum m ary  of resu lts  from  
tests a t all spa tia l levels. If species a re  b eh a v in g  as if 
assem b led  at random  from  the  reg iona l species pool, 
th e n  on  av e rag e  95%  of tests should  fall w ith in  the

100 n

♦  Macrofauna a  P o ly c h a e te s  95% Level

Fig. 1. Sum m ary  of ran d o m isa tio n  tests at all sp a tia l levels. 
V alues on  th e  y-axis a re  th e  av era g e  p e rc e n ta g e  of species 
lists (± 95 % Cl) for w h ich  av erag e  taxonom ic d istinc tness (A+), 
ca lcu la ted  from  com bined  lists a t th e  leve l of th e  first ca tegory  
(= 'local' lists) on th e  x-axis labe l, falls w ith in  th e  95 % p ro b a ­
bility  leve ls of A+ ca lcu la ted  from  th e  ap p ro p ria te  com bined  
lists at th e  leve l of th e  seco n d  ca tegory  (= 'reg io n a l' lists). V al­
u es  w e re  a v e ra g ed  across all d a ta se ts  for each  p a ir  of levels. 
V alues w e re  re -a v e ra g e d  across reg io n a l schem es for com ­
parisons involv ing  reg ions. All tes ts  w e re  re p e a te d  for m ac ro ­
fa u n a  a n d  for p o lychaetes. T he 95%  line  in d ica tes  a  lev e l at 
w h ich  it m ig h t b e  re aso n a b le  to assum e th a t th e  h y p o th esis of 

assem bly  a t ran d o m  can n o t b e  re je c te d

95 % p robab ility  lim its for those tests. Thus th e  confi­
den ce  in te rvals for th e  m ean  n u m b er of tests  falling 
w ith in  those  95%  lim its shou ld  also encom pass the  
95 % line in  Fig. 1. For m acro fauna  th e  p a tte rn  is very  
clear. For no pair of scales (local an d  regional) does the  
local species list re p re se n t a random  subse t of the  
reg iona l list, since in  all cases the  p e rc en ta g e  of local 
sam ples falling  w ith in  95%  probab ility  lim its for A+ 
d erived  from  th e  reg iona l list is < 95% . A lthough  not 
illu stra ted  here , th e  g en e ra l ten d en cy  is for species to 
b e  m ore closely re la ted  to each  o ther (sam ples falling 
below  th e  low er 95%  limit). As th e  a reas  from  w hich  
bo th  local an d  reg iona l species lists a re  derived  
increase , so the  ten d en cy  for A+ va lues to fall below  
expecta tion  (i.e. re jec tin g  the  hypothesis of random  
assem bly) also in c reases  (Fig. 1). Similarly, as the  m is­
m atch  in  spatia l scale b e tw e en  localities an d  reg ions 
increases, th e  hypothesis of assem bly  at random  from 
the  reg iona l pool ap p ears  less likely to b e  true.

C onfin ing  th e  ana lyses to tests of random  assem bly 
w ith in  the  po lychae tes (Fig. 1) p roduces a very  d iffe r­
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en t p a tte rn . W hile a rig id  ad h e ren ce  to th e  id e a  th a t a 
value  of 95%  m ust be ach ieved  in  o rd er to re jec t the 
null hypo thesis  (assem bly is not random ) w ou ld  allow  
th e  conclusion th a t th e re  is no ev idence  th a t the  null 
hypothesis is falsified, it is very  c lea r th a t va lues in 
m any  cases ap p ro ach  th is v a lue  an d  th e  confidence 
in te rvals abou t the  m ean  inc lude the  95%  value. Thus 
a hypo thesis  of random  assem bly  of local com m unities 
from  reg iona l pools is p lausib le  at th e  scales of sam ples 
versus sta tions an d  surveys, stations versus surveys, or 
ev en  stations an d  surveys versus the  w hole E u ropean  
fau n a  co llected  in  all of the  surveys (Fig. 1). All values 
are  very  m uch  h ig h e r th a n  for m acro fauna an d  the 
c lear re la tionsh ips b e tw e en  area , d iffe rences in  scale 
an d  th e  likelihood  of th e  nu ll hypo thesis  b e in g  false, 
w h ich  w ere  ev id en t for th e  m acrofauna, a re  less 
ap p a ren t for ana lyses b a se d  on po lychae tes alone. Of 
all th e  d iffe ren t g roup ings of sam ples it is those associ­
a ted  w ith  th e  reg ional schem es th a t show  ev idence  for 
non-random  assem bly.

DISCUSSION

T he recogn ition  th a t the  num bers of species in  local 
com m unities a re  not g o v ern ed  solely by  p rocesses 
op era tin g  at local scales an d  th a t reg iona l biogeo- 
g raph ica l p rocesses a re  also im portan t (Ricklefs 1987, 
Ricklefs & S chlu ter 1993) re p re se n te d  a parad ig m  shift 
in  com m unity  ecology (Loreau 2000). M ost stud ies 
exam in ing  re la tionsh ips b e tw e en  local an d  reg ional 
species num bers (e.g. C ornell & Law ton 1992, Srivas- 
tav a  1999) h av e  found  ev idence  for local richness 
inc reasing  w ith  reg iona l richness, as if local com m uni­
ties a re  o b ta in ed  by  p roportional sam pling  from  the 
reg ional pool (Loreau 2000). Prior to this, questions 
concern ing  the  d e g re e  to w hich  species w ith in  com ­
m unities a re  assem b led  at random , or if not, th e n  how, 
an d  how  one can  tell, h a d  b ee n  th e  sub ject of vigorous 
d e b a te  (Connor & Sim berloff 1979, D iam ond & G ilpin 
1982, G ilpin & D iam ond 1982) w hich  is by  no m eans 
reso lved  to th is day  (W eiher & K eddy 1999). M ore 
recen t developm ents, such  as th e  un ified  n eu tra l th e ­
ory of b iodiversity  an d  b io g eography  (H ubbell 2001), 
have  lead  to a reexam ina tion  an d  réév alu a tio n  of m any 
of th e  issues involved (Bell e t al. 2006, H olyoak & 
Loreau 2006, H ubbell 2006, M cGill e t al. 2006), still 
w ith  conflicting resu lts an d  in te rp re ta tions.

C oup led  w ith  this, an d  re lev an t to the  p re se n t w ork, 
a re  deve lopm en ts in  th e  incorporation  of phy logenetic  
in form ation into com m unity  ecology (e.g. W ebb e t al. 
2002, H elm us e t al. 2007), often  u sing  m easu res  th a t 
are  sim ple m athem atical transform ations of C larke & 
W arw ick 's taxonom ic diversity  an d  taxonom ic d is tin c t­
ness (W arwick & C larke 1995, C larke & W arw ick

1998), w hich  in  tu rn  a re  closely re la ted  to Rao's q u a ­
dratic  en tro p y  (Rao 1982). Species w hich  are  closely 
re la te d  m ight have  sim ilar to le rances to env ironm en ta l 
stressors, an d  w ould  th u s b e  ex p ec ted  to occur w ith in  
the  sam e com m unities (W ebb 2000) or, conversely, 
closely re la ted  species m ay have sim ilar resou rce  
req u irem en ts , lead in g  to in ter-specific com petition  an d  
exclusion from  com m unities (Elton 1946). T he e m p h a ­
sis h e re  is on re la ted n ess , w h ich  m ay b e  reflec ted  in 
taxonom ic similarity, ra th e r  th a n  on traits, th e  a ssu m p ­
tion b e in g  th a t closely re la te d  species will te n d  to 
sh a re  m any  traits. W hile th is d istinction  is im portant, 
the  resu lting  hypo theses, th a t in ter-specific in te rac ­
tions will te n d  to d ec rease  re la ted n e ss  w hile  en v iro n ­
m en ta l or evo lu tionary  factors will te n d  to le ad  to com ­
m unities w hich  a re  m ore closely re la ted , a re  exactly  
ana logous to those ou tlined  in  our 'In troduction '.

A gainst a b ac k g ro u n d  of sh ifting  ev id en ce  an d  o p in ­
ion, a lte rna tive  m ethods, an d  con tinu ing  d eb a te  about 
the  ex ten t to w hich  local com m unities a re  assem bled  
at random  from  reg iona l species pools, a  fu n d am en ta l 
issue has to b e  rem em bered . 'Local' an d  'reg ional' a re  
re la tive  term s. L oreau (2000) show ed th a t th e  form  of 
local-reg ional richness cu rves is d e te rm in e d  by  the  
w ay  to ta l diversity  is p a rtitio n ed  b e tw e en  its a  an d  ß 
com ponents, w h ich  itself is a m a tte r of scale. A lthough  
a few  stud ies exist w h ich  h av e  com bined  'p h y lo g e­
netic ' re la ted n e ss  ap p ro ach es w ith  scale issues (e.g. 
K em bel & H ubbell 2006, S w enson  e t al. 2006), none 
has  ap p ro ach ed  th is study  in  te rm s of varia tion  in  sp a ­
tial scales.

W e show  th a t species w ith in  m arine  m acroben th ic  
com m unities te n d  to b e  m ore closely re la te d  to each  
o ther th a n  w ou ld  b e  ex p ec ted  if species b eh av e  as 
th o u g h  assem bled  at random  from  reg iona l species 
pools. This non -random ness inc reases as th e  d iffe r­
ence  in  scale b e tw e en  w h at is co nsidered  'local' an d  
the  scale at w h ich  th e  reg iona l pool is defined  
increases. This m ay b e  ta k e n  as ev idence  th a t a t the  
scales of observation , en v ironm en ta l an d  evolu tionary  
factors a re  im portan t d e te rm in an ts  of com m unity  com ­
position, an d  in ter-specific in teractions a re  not. In 
m arine  ben th ic  system s this m akes sense. Species in 
m arine  system s have evo lved  to exploit regu la ritie s in 
the  physical dynam ics of the  env ironm en t as p a rt of 
the ir rep roductive  processes, an d  often  u se  diffusive 
d ispersal to coun terac t the  longer-te rm  consequences 
of variab ility  in  th e  physical env ironm en t (Steele 
1991). T hus m arine  system s are  re la tive ly  dynam ic an d  
open, co m p ared  to te rres tria l system s, an d  species, 
ev en  those w hich  are  rare ly  cap tu red , te n d  to be 
w idely  d istribu ted . C onditions w h ere  one species m ay 
ou tcom pete  an d  exc lude closely re la ted  species in  a 
m arine  b en th ic  com m unity  at any th ing  o ther th a n  
short tim e scales an d  sm all spa tia l scales a re  difficult to
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im agine, an d  com m unity  s truc tu re  can  b e  ex p ec ted  to 
vary  w ith  env ironm en ta l conditions an d  to b e  d e te r ­
m ined  by processes o p era tin g  over la rg e  scales of 
space an d  tim e. A sim ilar conclusion w as d raw n  by 
Bellw ood & H ughes (2001), in  a study  of fish an d  coral 
com m unities in  the  Ind ian  an d  Pacific O ceans.

T he p a tte rn  w ith in  ana lyses confined  to th e  po ly ­
ch ae tes  suggests th a t random  assem bly  is a p lausib le 
hypothesis w ith in  surveys for th is group , an d  th a t for 
g roups of sam ples (stations), po lychaete  species a re  a 
random  subse t from  th e  E u ro p ean  list. Follow ing the 
reaso n in g  ou tlined  above, it w ou ld  a p p e a r  th a t h e te ro ­
g en e ity  in  env ironm en ta l conditions an d  history  are 
less im portan t for po lychaete  assem blages, an d  th a t 
w e canno t d istingu ish  b e tw e e n  the ir effects an d  the 
effects of in ter-specific in teractions. In o the r w ords, it is 
not possib le to d e te rm in e  w h e th e r  local po lychaete 
diversity  is in d e p en d e n t of bo th  local an d  reg ional p ro ­
cesses, or d e te rm in e d  by a com bination  of bo th  acting  
antagonistically . Why, then , do w e observe a d iffe ren t 
p a tte rn  w h en  confin ing our analyses to th e  po ly ­
chaetes? It m ay b e  som eth ing  to do w ith  the  ecology of 
po lychaetes or the ir taxonom y. Typical po lychae te  a s ­
sem b lages a re  taxonom ically  an d  trophically  d iverse 
(Fauchauld  & Ju m ars  1979, O lsgard  & Som erfield  
2000). T he taxon  h as rece ived  a recen t phy logenetic  
rev iew  (Rouse & Pleijel 2001) and, as they  a re  a key 
com ponen t of m acro faunal assem blages, taxonom ic 
expertise  is w id esp re ad  in  E urope — factors w hich  m ay 
im ply a g re a te r  h om ogeneity  in  ap p ro ach es am ong  the 
d iffe ren t d a ta se ts  com bined  in  our analysis.

O n the  o th e r hand , it m ay tell us som eth ing  abou t the 
analy tical m ethod. P o tential p rob lem s w ith  the  u se  of a 
taxonom ic, as opposed  to a phylogenetic , classification 
are  d iscussed  by  E llingsen  e t al. (2005). Leaving th a t 
aside, it is to b e  ex p e c ted  th a t re la ted n e ss  m easu res  
are  heav ily  in fluenced  by th e  la rg est d ifferences b e ­
tw een  species, nam ely  th e  d istances b e tw e en  species 
in  d iffe ren t tax a  at th e  h ig h e r levels in  th e  classifica­
tion. A lthough  C larke & W arw ick (1999) an d  Rogers et 
al. (1999) show ed  strong  insensitiv ity  of A+ to m ajor 
varia tions in  th e  b ran ch  s tep -leng ths b e tw e en  tax o ­
nom ic ranks, it is likely th a t ana lyses of assem blages 
w ith  a  g rea t d ea l of s truc tu re  at h ig h e r taxonom ic lev ­
els w ill reflect h e te ro g en e ity  in  th e  b a lan ce  of species 
w ith in  those  h ig h e r taxonom ic levels. C larke & W ar­
w ick  (1999) po in ted  out th a t m easu res  such as A+ are 
not constra ined  to h ie ra rch ies w ith  fixed points of 
genus, family, order, etc., b u t ca rry  over na tu ra lly  and  
forcefully to con tinuous phy logen ies in  w hich  the 
b ran ch  len g th s a re  fully determ ined , for exam ple  by 
g en e tic  d istances (e.g. N ei 1996), so th is is not an  a r ti­
fact in tro d u ced  by th e  u se  of a taxonom ic classification.

T he fact th a t w e ob se rv ed  d iffe ren t re la tionsh ips 
b e tw e en  scale an d  random ness w h en  looking at a s ­

sem b lages of m ixed  phy la  as co m p ared  to assem b lages 
of po lychaetes (which do, afte r all, con tribu te  a  la rge  
p roportion  of species in  m acro faunal assem blages) 
suggests  th a t a usefu l w ay  fo rw ard  m ight b e  to ex a m ­
ine in  m ore deta il th e  w ay  in  w hich  species a re  d is trib ­
u te d  am ong  h ig h e r taxonom ic levels, an d  con tribu te  to 
m easu res  of re la ted n e ss  in  m ixed  assem blages. T here  
is a lot of ev idence  for structu ra l red u n d a n cy  in  m arine 
m acroben th ic  assem blages, an d  it is likely th a t closely 
re la te d  species m ay b e  in te rch an g e ab le  in  com ­
m unities (W arwick 1993, O lsgard  e t al. 1997, 1998), 
w h e rea s  la rge-sca le  h e te ro g en e ity  m ay in fluence the  
d istribu tion  of phyla, an d  species w ith in  phyla, in  w ays 
th a t differ. T he vast m ajority  of stud ies considering  
com m unity  assem bly  an d  species d istribu tions have  
focused on  species (or populations) as th e  un its of 
in te rest. It is possib le th a t ana lyses focusing on the  
p resen ce  of g roups of species, taxonom ically  or fu n c­
tionally  re la ted , m ay p rovide insigh ts into th e  p ro ­
cesses structu ring  com m unities.

In th e  m ean tim e, w h a t recom m endations can  be 
m ade  for those w ish ing  to exam ine the  id e a  tha t 
assem b lages u n d e r  stress consist of subse ts of species 
w hich  are  m ore closely re la te d  to one an o th er th a n  
w ould  b e  ex p e c ted  u n d e r a nu ll expecta tion  th a t all 
species a re  equa lly  likely to occur? W hat a re  th e  a p ­
p rop ria te  scales at w hich  to define  'local' an d  'reg ional' 
species lists, in  o rd er th a t such  tests  m ay b e  valid? It 
w ou ld  ap p e a r  from  the  resu lts of th e  p re se n t study  tha t 
such  tests  should  b e  b ased  on  taxonom ically  coheren t 
subse ts of species. It is w orth  no ting  th a t m uch  of the  
deve lopm en t w ork  on  th e  tes ting  s truc tu re  (e.g. C larke 
& W arw ick 1998) w as b a se d  on n em ato d e  assem ­
blages. C erta in ly  for th e  po lychae tes it ap p ears  that, as 
long  as one avoids lists b a se d  on th e  various reg ional 
schem es, any  com bination  of 'local' an d  'reg ional' lists 
m ay b e  app rop ria te . For tests  b a se d  on  w hole m acro ­
faunal assem blages, it w ou ld  a p p e a r th a t a null hy p o ­
thesis of random  assem bly  w ith  eq u a l p robab ilities of 
occu rrence  is not gen era lly  appropria te .

Finally, it m ust be rem e m b ere d  th a t th e  nu ll h y p o th ­
esis ex am in ed  here , th a t species in  local assem b lages 
a re  random  subse ts of th e  species in  th e  ap p ro p ria te  
reg iona l pool, im plies th a t all species in  th e  reg ional 
pool h av e  an  eq u a l p robab ility  of a p p e a rin g  in  any 
subset. T here  a re  a  ran g e  of o ther, p e rh a p s  m ore se n ­
sible, a lte rna tive  h ypo theses  w hich  should  b e  ex a m ­
in ed  (Gotelli 2000, H elm us e t al. 2007). For exam ple, 
m ost species in  assem blages a re  ra re  (Gray e t al. 2005), 
an d  a few  are  ab u n d a n t an d  w idely  d istribu ted . The 
sim ulation  of random  draw s from  the  reg iona l pool can  
b e  constra ined  to m atch  th e  p robab ilities  of occu rrence 
of ea ch  species, d efined  by the ir frequency  of occu r­
ren ce  in  a la rg e  n u m b er of sam ples (Som erfield e t al. 
2008). T hus ce rta in  species w ill b e  p icked  m ore often
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in  the  random  subsets, b ecau se  th ey  are  ob se rv ed  to be 
p rese n t m ore often  in  rea l sam ples. T he hypothesis, 
therefo re , is th a t species in  assem b lages a re  random  
subse ts of a  reg iona l pool b u t the ir p robab ility  of o ccu r­
rence  is d e te rm in e d  by p rocesses affecting  species 
ab u n d a n ce  d istributions, op era tin g  independen tly . 
This w ou ld  also fit nea tly  w ith  the  id e a  th a t m ost sp e ­
cies p a tte rn s  o bse rved  in  n a tu re  m ay b e  d erived  from  a 
sim ple m odel in  w h ich  d istribu tions a re  d e te rm in e d  by 
ab u n d an ces of species at th e  la rg est m e asu red  scale 
(H arte e t al. 2005).

A ck n o w led g e m e n ts . T he first au th o r to o k  th e  le a d  on this 
p a p e r  an d  w as re sp o n sib le  for coo rd in a tin g  th e  analyses an d  
w ritin g  it. T he first 5 au tho rs co n d u cted  th e  analyses. O ther 
au thors co n trib u ted  d a ta  to  th e  d a tab ase , a n d  a re  lis ted  in  
a lp h ab etica l order. This w o rk  w as carried  out in  th e  fram e­
w o rk  of th e  M arBEF N etw o rk  of E xcellence 'M arine  B iodiver­
sity a n d  E cosystem  F unction ing ', w h ich  is fu n d e d  b y  th e  Sus­
ta in ab le  D evelopm ent, G lobal C h a n g e  a n d  Ecosystem s 
Program m e of th e  E u ro p ea n  C om m unity 's S ixth F ram ew ork  
Program m e (contract no. GO CE-CT-2003-505446). This p u b ­
lication  is con tribu tion  no. M PS-09028 of MarBEF. We 
ack n o w led g e  th e  ro le  Prof. J. S. G ray p lay e d  in  le a d in g  th e  
activ ities w ith in  MarBEF, w h ich  u ltim ate ly  led  to th e  com ple­
tion  of th is w ork , a n d  for adv ice  a n d  en co u rag em en t. We 
ack n o w led g e  I. F. A leffi, J. M. W eslaw ski a n d  R. Ja sk u la , OLF 
(The N o rw eg ian  Oil In d u stry  A ssociation) a n d  D et N orske 
V eritas, w ho  co n trib u ted  d a ta  to th e  M acroB en d a ta b ase  
w ithou t re q u irin g  au th o rsh ip  on  th is pap er. P.J.S. ack n o w l­
ed g es financ ia l su p p o rt from  UK D efra  (Project M E3109) an d  
th e  N a tu ra l E nvironm en t R esearch  C ouncil, th ro u g h  its 
O ceans 2025 stra teg ic  re se a rc h  p rogram m e.
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