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A B S T R A C T

A litera tu re  s tudy  w as p e rfo rm ed  a im ing  to  ex p lo re  the re la tion  be tw een  the  spa tia l scale  o f  m arine  

b en th ic  su rveys and  the  o b se rv ed  goo d n ess-o f-fit o f  reg ression  m ode ls  re la tin g  an im al ab u n d an ce  to 

the en v iro n m en t. A  fu rth e r o b jec tiv e  w as to  tabu la te  the ab io tic  fac to rs and  p ro cesses  th a t p red o m i

nan tly  ex p la in  th e  varia tio n  in ab u n d an ce  and to  ex am in e  w h e th e r o r no t the type  o f  im p o rtan t fac 

to rs d iffe r in re la tion  to  the scale  o f  the study. S ing le  s tud ies in w hich  b en th o s-e n v iro n m en t reg res

sion  m ode ls  w ere  app lied  at d iffe ren t spatia l scales and w hich  w ou ld  have a llo w ed  a  w ith in -stu d y  

co m p ariso n  o f  the g o o d n ess-o f-fit in re la tion  to scale, w ere no t found . T h e  p au c ity  o f  s tud ies  that 

rep o rted  q u an tita tiv e  in fo rm atio n  and, if  they  d id  so, the u se  o f  a varie ty  o f  in co m p arab le  s ta tistica l 

m odels resu lted  in v ery  few  ob se rv a tio n s and  a lack  o f  sta tistica l p o w er o f  the (b e tw een -s tu d y ) re 

la tion  be tw een  sca le  and  g oodness-o f-fit. M ost s tud ies co n firm ed  the im p o rtan ce  o f  sed im en t c h a r

ac te ris tic s  and  e lev a tio n  (in case  o f  in te rtidal areas) o r w ater dep th  (in case  o f  sub tida l areas) in d e 

te rm in in g  the ben thos. F u rth e r stud ies on the im portance o f  the spa tia l scale  o f  m arin e  b en thos-en - 

v iro n m en t su rv ey s shou ld  be based  on a un ified  ana ly tica l approach , w h ich  can  on ly  be rea lized  if 

o rig ina l d a ta  are av a ilab le .



IN T R O D U C T IO N

Objectives

R ijk sw ate rstaa t, w h ich  is part o f  the D utch  M in istry  o f  T ran sp o rt and  P ub lic  W o rk s, is co -resp o n si-  

b le  fo r the  m an ag em en t o f  coasta l and  es tuarine  eco sy stem s in the N etherlands. T h e  b en th ic  soft- 

sed im en t fau n a  fo rm s an essen tial e lem en t o f  these  ecosystem s. H um an  im pact on  th is  fauna , fo r 

ex am p le  by  m eans o f  in fra-structu ral w orks, m in ing , and  d redg ing , o ften  w orks th rough  ch an g es in 

the ab io tic  en v iro n m en t. K now ledge  o f  the re la tio n sh ip s be tw een  the ab io tic  e n v iro n m en t and  the 

ben th ic  fau n a  is th e re fo re  fundam en ta l fo r a re liab le  im pact assessm en t. T he m o st co m m o n ly  ap 

p lied  research  m ethod  to  es tim ate  such re la tionsh ip s is to  perfo rm  a spa tia l su rvey , in w hich  d a ta  on 

species ab u n d an ce  and  en v ironm en ta l cond itions are ga th ered  at a la rge  nu m b er o f  sa m p lin g  sites. 

S u b seq u en tly  reg ression  m odels are fitted , in w hich  species ab u n d an ce  is supposed  to  d ep en d  on the 

en v iro n m en t. T w o  ex am p les  w ith in  the D utch  co n tex t o f  the use o f  know n  re la tio n sh ip s betw een  

the ab io tic  en v iro n m en t and the ben th ic  fau n a  fo r im pact a ssessm en t are (1) the a-posteriori 

ev a lu a tio n  o f  the im pact o f  the  construc tion  o f  the sto rm -su rge  b a rrie r in the O o ste rsch e ld e  on  the 

abundance  o f  the in tertidal ben thos, ev a lu a ted  at the species level (V an der M eer 1999), an d  (2) the 

assessm en t o f  the im pact o f  subsidence  as a resu lt o f  gas w inn ing  on the to tal m a cro zo o b en th ic  

b io m ass (B eu k em a 1998a, B eu k em a 1998b). In bo th  cases the im p act w o rk ed  th rough  ch an g es in 

the e leva tion  o f  the in tertidal area.

A im  o f the p resen t s tudy  is to  eva lua te  the sc ien tific  lite ra tu re  in w h ich  such  species- 

en v iro n m en t m ode ls  fo r the ben th ic  fau n a  o f  so ft-sed im en t coasta l and  es tuarine  eco sy stem s are 

used. S pecial em p h asis  w ill be p laced  on scale  aspec ts, because  the  type  o f  ab io tic  v ariab les  that 

appear to  be im portan t and the ex p lan a to ry  strength  o f  the  m ode ls  m ay heav ily  d ep en d  on the  scale 

o f  the study . In short, w e w ill:

•  p ro v id e  an overv iew  o f  sc ien tific  stud ies in w hich  sp ec ie s-en v iro n m en t re la tio n sh ip s have been  

q u an tified , b u t restric ted  to  the ben th ic  fauna  o f  coasta l and es tu arin e  so ft-sed im en t eco sy stem s;

•  re la te  the fraction  o f  the overa ll varia tion  in the abundance  o f  ben th ic  species tha t is ex p la in e d  by 

the ab io tic  en v iro n m en t to  the spatia l scale  (w hich  m ay  range from  the scale  o f  a reg io n , fo r  e x a m 

ple inc lud ing  the D utch  W adden  S ea  and  the D u tch  D elta , to  the  scale o f  an es tuary , e.g . the 

W este rsch e ld e , and  fu rth e r dow n to  th a t o f  a sing le m udfla t).

•  tab u la te  the ab io tic  fac to rs and p ro cesses  that p red o m in an tly  exp la in  the varia tion  in ab u n d an ce  

and  ex am in e  w hether o r not the type o f  im portan t fac to rs d iffe r in re la tion  to  the scale o f  th e  study. 

N ew  an a ly ses  u sing  o rig ina l d a ta  are beyond  the scope o f  the p resen t study.



Scale

O rg an ism s are no t h o m o g en eo u sly  d is trib u ted  in space. E co lo g is ts  aim  to  u n d ers tan d  th ese  h e te ro 

g eneous spa tia l p a tte rn s  in te rm s o f  the p ro cesses  tha t p ro d u ce  th em  (L ev in  1992). B o th  physical 

fac to rs and  b io lo g ica l p ro cesses  m ay  generate  and  m ain ta in  spa tia l varia tio n  in p o p u la tio n  d ensities.

T h e  re la tiv e  ro le o f  p a rticu la r physical fea tu res and  p ro cesses  in g o v ern in g  the  spa tia l pattern  

o f  spec ies  ab u n d an ce  w ill d epend  on the sca le  tha t is used  (B arry  an d  D ay to n  1991). D iffe re n ce s  in 

species c o m p o sitio n  on a w o rld w id e  scale , e.g. betw een  p o la r and trop ical reg io n s, can  b e  ex p la in ed  

by  the  u n ev en  h ea tin g  o f  the  su rface  o f  the  earth  and  the resu lting  te m p era tu re  d iffe ren ces. O n the 

o ther hand , it is m ost un lik e ly  tha t tem pera tu re  d iffe rences are re lev an t on a m ic ro -sca le  o f  a few  

squared  cen tim ete rs  o f  ocean  bo ttom . T he im portance o f  p a rticu la r b io lo g ica l p ro cesses  is also  

sca le -d ep en d en t (S c h n e id e r 1994, M cA rd le  et al. 1997, S ch n e id er e t al. 1997). M ath em atica l 

m odels, e.g. rea c tio n -d iffu sio n  m ode ls  and  ce llu la r au to m ata  m odels, sug g est th a t sp a tia l varia tion  

in pop u la tio n  d en s ity  on a local scale  can  be the resu lt o f  b io log ica l p ro cesses  such as lim ited  

d ispersa l o f  p ro p ag u le s  (O k u b o  1980, M urray  1989, P h ipps 1992). H e te ro g en e ity  on a  sp a tia l scale  

la rger than  the  m o b ility  o f  an ind iv idual m ay be the resu lt o f  period ic  o r  ch ao tic  d y n am ics  w hich  

are not sy n c h ro n iz ed  across d iffe ren t areas (H asse ll e t al. 1991).

T h e  p ro b lem  o f  u n d ers ta n d in g  spatia l patterns in an im al ab u n d an ce  is as co m p lex  as eco lo g y  

itse lf  an d  an o v erw h e lm in g  varie ty  o f  research  m ethods has been  app lied  to  co n trib u te  to  a fu rthe r 

co m p reh en sio n . In the p rese n t p ap e r w e th e re fo re  focus on a specific  research  ap p ro ach , th a t is, as 

w as sa id  earlie r, reg ressio n  m o d e lin g  on the basis o f  su rvey  data. M ore sp ec ifica lly , w e focus on the 

w idely  ap p lied  resea rch  m e th o d  w here  (1) one o r m ore  observ a tio n a l f ie ld  su rv ey s in w h ich  d a ta  on 

species ab u n d an ce  and  en v iro n m en ta l con d itio n s are ga thered  at a la rge  n u m b er o f  sa m p lin g  sites, 

are p erfo rm ed ; and w here  (2) a reg ression  m odel is fo rm u la ted  un d er the assu m p tio n  tha t species 

abundance  d epends on the (spatia l) env ironm ent. W e also  restric t ou rse lv es  to  s tu d ies  o f  coasta l and 

es tu arin e  so ft-b o tto m  co m m u n ities .

A s w as sa id  ea rlie r, aim  o f  the p resen t s tudy  is to  ex p lo re  to  w hat ex ten t the ob se rv ed  spec ies- 

en v iro n m en t re la tio n sh ip s  are scale -dependen t. D oes a  re la tion  ex is t betw een  the spa tia l scale  o f  the 

s tudy  and  the es tim a ted  reg ression  m ode l?  W e rev iew  the ex is tin g  litera tu re  on sp ec ie s-en v iro n m en t 

re la tio n sh ip s in coasta l and  es tu arin e  so ft-b o tto m  com m unities . W e ex am in e  w h e th e r a re la tio n sh ip  

ex is ts  be tw een  the  sca le  o f  a s tudy  and  the  ex p lan a to ry  streng th  o f  the  reg ressio n  m odel th a t has 

been used . W e also  look  at the ab io tic  fac to rs tha t p lay  an im portan t ro le  and try  to  an sw e r the 

ques tion  w h e th e r d iffe ren t so rts  o f  fac to rs co n trib u te  in sm all-sca le  s tud ies co m p ared  to  those  in 

la rg e -sca le  stud ies.



The Gaussian Response Model

In eco lo g y  fitting  reg ression  m odels tha t rela te  species ab u n d an ce  to  en v iro n m en ta l v ariab les  is 

know n as d irec t g rad ien t ana lysis  (W hittaker 1967). T h e  ob jec tive  o f  d irec t g rad ien t ana ly sis  m ay 

be no ted  as to  p ro v id in g  a p arsim o n io u s descrip tion  o f  the co m m u n ity  (restric ted  in sp ace  and  tim e 

to  th e  s tudy  area  and  study  period ) in term s o f  a m u ltiv aria te  reg ression  m odel tha t re la tes species 

ab u n d an ce  to  en v ironm en ta l variab les . T he te rm  m u ltiv aria te  refers to  the  fac t th a t u su a lly  m ore  

than  one species is involved .

T h e  m ost favo red  reg ression  m odel to  d escribe  the dep en d en ce  o f  species on  th e ir  e n v iro n 

m en t is the G auss ian  response  m odel (G auch  and C h ase  1974, G auch  e t al. 1974). T h e  reg ression  

m odel has a bell shape, i.e. it has the form  o f  an o p tim u m  fu nction  and m o reo v e r can  on ly  g ive 

p o sitiv e  values fo r species abundance . T h e  nam e G au ss ian  stem s from  the m a th em atica l s im ila rity  

to  the  N orm al o r G auss ian  p ro b ab ility  density  function . In its s im p lest fo rm , th a t is fo r a sin g le  e n 

v ironm en ta l variab le , the G auss ian  response m odel is generally  w ritten  as

y ij = exp
' 2 t j

, w here the index  i =  ! ,• •• ,«  refers to  the sites; j  = to  the

species; y-,j is the abundance  at site  i o f  species j\ xt is the value o f  th e  en v iro n m en ta l v a riab le  at site  

i\ exp(cy) is the m ax im u m  abundance  o f  species j; mj is the o p tim u m  fo r  species j ,  th a t is th e  value 

o f  the  en v iro n m en ta l variab le  w here species j  has its m ax im u m  abundance ; tj is th e  to le ran ce  o f  

species j,  w hich  is a m easu re  o f  the w id th  o f  the response curve. F o r m ore  than  on e  en v iro n m en ta l 

variab le , fo r ex am p le  fo r tw o env ironm en ta l variab les , it is m ore  co n v en ien t to  w rite  the  m odel as 

y u =  ex p (b 0/ + btjx u +b2jxfi +b7ijx 2i +bAjx li +b5jx ux 2j).  T h e  la tte r eq u a tio n  a lready  p o in ts  to  one

d isad v an tag e  o f  fitting  the  G auss ian  response  m odel, th a t is the la rge nu m b er o f  p a ram ete rs  in 

w hich  it m ay  resu lt. T h e  resu lts  canno t be p resen ted  in one o r a few  g raph ical d isp lay s, w h ich  h am 

pers in te rp re ta tion . A lte rna tive ly , cons tra in ts  can  be se t on the param ete rs  such  th a t the  G au ss ian  re-

( u , - m j )
sp o n se  m odel can be w ritten  as E^y^ ) =  exp

Cj 21)

2 '\

, w here  all species a re  su p p o sed  to

respond  to  a sing le  canon ica l varia te  u, w hich  is a lin ear com b in atio n  o f  the  q en v iro n m en ta l vari-

ables: u{ = an + 2 ^ aix u ■ E stim ation  o f  the param ete rs o f  th is co n s tra in ed  m u ltiv a ria te  G au ss ian  re-
/=i

sponse  m odel is no t stra igh tfo rw ard . U sually , the re fo re , ap p ro x im atin g  m ethods such  as C anon ica l 

C o rresp o n d en ce  A nalys is  (C C spA ) are used. T e r B raak  (1986) show ed  tha t u n d er ce rta in  assu m p 



tions the resu lts  o f  C an o n ica l C o rresp o n d en ce  A nalysis  ap p ro x im ate  the m ax im u m  lik e lih o o d  e s ti

m ates (assu m in g  a P o isso n -lik e  d is trib u tio n  o f  species abundance) o f  th e  c o n s tra in e d  m u ltiv aria te  

G auss ian  resp o n se  m odel. C anon ical C o rresp o n d en ce  A nalys is  is now  p ro b ab ly  the m o st w idely  

used  m u ltiv a ria te  d irec t g rad ien t ana lysis  m ethod  in co m m u n ity  eco lo g y  (P a lm er 1993).

W h en  the  en v iro n m en ta l g rad ien ts are sho rt co m p ared  to  species to le ran ces  the u se  o f  a lin e 

arized  fo rm  o f  the m u ltiv a ria te  G au ss ian  response  m odel, like the m u ltiv a ria te  lin ea r reg ression  

m odel u sing  lo g tra n sfo rm e d  species d ensities, m ay be m ore ap p ro p ria te  (T e r B raak  and  P ren tice  

1988, T e r B raak  1994). C o n stra in ed  fo rm s o f  the m u ltiv aria te  lin ear reg ressio n  m o d e l can  be re la ted  

to  the d im en sio n a lity -red u c tio n  techn iques o f  C anon ical C orre la tion  A n aly s is  (C C ltA ) and  R ed u n 

dancy  A n aly s is  (R A ) (T so  1981, D av ies  and T so  1982, Jongm an  et al. 1987, V an  d er M e er 1991).

Implicit regression models, indirect gradient analysis and other multivariate techniques

In som e cases th e  sam e m ath em atica l p ro ced u re  can  bo th  be in te rp re ted  in te rm s o f  an o rd ina tion  

tech n iq u e , p ro v id in g  a lo w -d im en sio n al rep resen ta tion  o f  the m u lti-d im en s io n a l spec ies  space 

(w here  o rig in a lly  each  d im en sio n  rep resen ts a sing le species) o r in te rm s o f  a reg ressio n  m odel 

(L egend re  et al. 1997). F o r exam ple , C anon ical C o rresp o n d en ce  A nalys is  can  be, as w as show n 

above, in te rp re ted  as a res tric ted  o rd ina tion  techn ique  o r as an app ro x im atio n  to  m ax im u m  lik e li

hood  fittin g  (a ssu m in g  P o isson  error) o f  a res tric ted  G auss ian  m odel (T er B raak  1985, T er B raak  

1986). S im ila rly , R ed u n d an cy  A nalys is  and C anon ical C o rre la tio n  A nalys is  can  be reg a rd ed  as re 

d u ced -ran k  lin ear reg ression  m odels (Jongm an  et al. 1987, V an  d er M eer 1991). In som e stud ies  the 

o rd in a tio n  in te rp re ta tio n  has been  p resen ted . W e have, how ever, a lw ays in te rp re ted  the  resu lts , as 

far as p o ssib le , in te rm s o f  reg ression  m odels.

In d irec t g rad ien t an a ly sis  is the eco log ical eq u iv a len ce  o f  (la ten t) fac to r ana ly sis . T he 

tech n iq u e  o f  fac to r  ana ly sis  es tim ates  fo r each  site  the values o f  one o r m ore  so -ca lled  la ten t fac to rs , 

u nder the assu m p tio n  o f  som e spec ified  type  o f  re la tio n sh ip  be tw een  the la ten t fac to r(s)  and  the 

species ab u n d a n ce  data. T h ese  la ten t fac to r values are ex p ected  to  rep resen t en v iro n m en ta l g rad i

ents. E x am p les  o f  fac to r ana ly tica l tech n iq u es are P rinc ipa l C o m p o n en t A n a ly s is  (P C A ) and  C o rre 

sp o n d en ce  A n aly s is  (C A ). P rinc ipa l C om p o n en t A nalys is  is based  upon  th e  assu m p tio n  o f  a linear 

re la tio n sh ip  b e tw een  spec ies  abundance  and en v ironm en ta l g rad ien ts  (la ten t fac to rs). 

C o rresp o n d e n ce  A n aly s is  bu ild s on the assum ption  o f  a un im oda l re la tio n sh ip  b e tw een  species 

ab u n d an ce  and  en v iro n m en ta l g rad ien ts.

M an y  o th e r  m u ltiv a ria te  tech n iq u es can n o t easily  be in te rp re ted  in te rm s o f  a  reg ression  

m odel. O ne o f  th e  ap p ro ach es w hich  has recen tly  been  p u t on the fo reg ro u n d  is b ased  on the  (har



m onic  rank) co rre la tio n  betw een  the species (d is)s im ilarity  m atrix  and  the en v iro n m en t 

(d is)s im ila rity  m atrix  (C larke and  A insw orth  1993). A dd itiona lly , the app roach  uses n o n -m etric  

M u ltiD im en sio n a l S caling  (M D S ) o f  the tw o  (d is)s im m ilarity  m atrices to  v isu a lizese  the  re la tio n 

sh ip  b e tw een  spec ies  and  en v iro n m en ta l variab les.

Goodness-of-fit

T he p resen t s tudy  focuses on the g o o dness-o f-fit o f  m u ltiv a ria te  reg ression  m odels, w h ich  aim  to 

re la te  spec ies  abundance  to  the env ironm ent. G enera lly , the g o o d n ess-o f-fit te rm  q u an tifie s  the e x 

p lan a to ry  p o w er o f  the  reg ression  m odel, bu t the actual g o o d n ess-o f-fit m easu re  is n ecessarily  

s tro n g ly  linked  to  the assum ed  erro r structu re  o f  the m odel. F o r  ex am p le , fo r least-sq u a res  m odels 

(w hich  are eq u iv a len t to  the m ax im um  like lihood  m ethod  if th e  e rro rs are N o rm ally  d is trib u ted ) the 

usual g o o d n ess-o f  -fit m easure  is R2, the fraction  ex p la in ed  variance. T h is  fraction  is g iven  by  one 

m inus the ratio  o f  the residual sum  o f  squares to  the to ta l sum  o f squares. F o r o th e r  assu m p tio n s 

abou t the e rro r d is trib u tio n , a lternative  goodness-o f-fit m easu res  have  to  be used . T h e  c lass  o f  g en 

e ra lized  linear m odels uses the d ev ian ce  as a genera liza tion  o f  the sum -o f-sq u ares  and  g o o d n ess-o f- 

f it is ex p ressed  as p ercen tag e  ex p la in ed  dev iance.

Classification

In short, s tud ies  w ere ca teg o rized  as fo llow s:

1) u n iv a ria te  m ode ls, d ep en d en t variab le  is species abundance;

2) u n iv a ria te  m odels, d ep en d en t variab le  is a co m m u n ity  a ttribu te  (e.g . som e d iv e rs ity  m easu re , 

to tal abundance , etc .);

3) linear d irec t g rad ien t ana ly sis , i.e. C cltA  o r RA ;

4) n o n -lin ear d irec t g rad ien t ana ly sis , i.e. C C spA ;

5) lin ear ind irect g rad ien t ana lysis , i.e. a  m u ltivaria te  la ten t fac to r m odel (P C A ) c o m b in ed  w ith  

u n iv a ria te  m odels to  re la te  the la ten t fac to rs to  ob se rv ed  en v iro n m en ta l variab les;

6) n o n -lin e ar ind irec t g rad ien t ana ly sis , i.e. a m u ltivaria te  la ten t fac to r m odel (C A ) c o m b in ed  w ith 

u n iv a ria te  m odels to  re la te  the la ten t fac to rs to  ob se rv ed  en v iro n m en ta l v ariab les;

7) h arm o n ic  rank  co rre la tion  betw een  the species (d is)s im ilarity  m atrix  and  the en v iro n m en t 

(d is)s im ila rity  m atrix , in com b in atio n  w ith  M D S.



The scale o f macrobenthos surveys

U sually , not m uch  a tten tio n  is paid  to  in te rp re ting  the resu lts o f  a ben th o s su rvey  (i.e. the  ex p lan a 

tory  streng th  o f  the reg ression  m odel and the type o f  en v iro n m en ta l v ariab les  tha t ap p eared  to  be 

im portan t) in te rm s o f  th e  scale  o f  the study. W e are no t aw are  o f  any  s tudy  in w h ich  b en th o s-en v i- 

ronm en t reg ression  m odels are app lied  at d iffe ren t spatia l scales w ith in  a sing le  area , a llo w in g  a 

co m p ariso n  o f  the go o d n ess-o f-fit. O ne no ticeab le  excep tion  (a lthough  qu alita tiv e ) is F lach  (1996), 

w ho ob se rv ed  tha t the la rg e r scale  p a tte rn s  in the d is trib u tio n  o f  Corophium in the  W ad d en  S ea  are 

d e te rm in ed  by p h y sica l fac to rs , such as sed im en t com position  and e leva tion . T h e  sm a lle r  sca le  p a t

te rns are re la ted  to  b io log ica l in te ractions, i.e. c lu ste rs  o f  ju v e n ile s  around  b u rrow s o f  adu lt fem ales .

T he scale  o f  a sam p lin g  su rvey  co n sis ts  o f  tw o parts , the un it and the fram e  (C och ran  1977). 

T he un it is the  sm a lle s t item  tha t is sam pled  in the survey . In b en thos su rveys it is the  a re a  o f  the 

sam pling  dev ice . T h e  fram e is the lis t o f  all possib le  un its . S ta ted  o therw ise , the to ta l s tudy  area  (the 

fram e) can be th o u g h t o f  as co m p ris in g  a fin ite  num ber (and  u sua lly  la rge) o f  sm all no n -o v erlap - 

p in g  areas (the  un its ), each  o f  the size  o f  the sam p ling  dev ice . In stead  o f  u s in g  the s ta tis tica l term s 

fram e and  un it, o th e r  te rm s are in use  as w ell, ex ten t and grain  (W iens 1989), f ie ld  o f  v iew  and 

grain  (V an d er M eer 1997), m a x im u m  o u te r scale and  m in im u m  inner scale , o r range  and  reso lu tion  

(S ch n eid er 1994).

M A T E R IA L  A N D  M E T H O D S

A co m p u te rized  lite ra tu re  su rvey  w as perfo rm ed  using  Online Contents, a  d a tab ase  co n ta in in g  the 

co n ten ts  o f  12,500 sc ien tific  and  non -sc ien tific  jo u rn a ls  and  m agaz ines. It is p o ss ib le  to  search  fo r 

litera tu re  p u b lish ed  since  S ep tem b er 1992. W e searched  fo r the fo llo w in g  k ey w o rd s (o r c o m b in a 

tions of): (m arin e) (m acro ) ben thos, m acro fauna, m u ltivaria te  (ana ly ses), in te rtida l (as in itia lly  w e 

w an ted  to  restric t o u r an a ly sis  to  in tertidal areas), scale  pattern , b en thos o r  b en th ic  su rvey , d is tr ib u 

tion p a tte rn (s) and  spa tia l scale . T h is  lite ra tu re  su rvey  y ie lded  37 titles , bu t on ly  tw o  pap ers  cou ld  

be used. O n ly  these  pap ers  (ref. 5 and ref. 14) repo rted  a q u an tita tiv e  an a ly sis  o f  the  re la tion  b e 

tw een  the ben th ic  co m m u n ity  o f  an in tertidal a rea  and ab io tic  factors.

In recen t p u b lish ed , p o ssib ly  no t yet co m p u terized , lite ra tu re  w e fo u n d  one su itab le  p a p e r  (ref. 

14). A  study  o f  48  in ternal reports , m ain ly  co n cern in g  m arine b en thos o f  D u tch  coasta l sy stem s and 

es tuaries  and  the N orth  S ea, revea led  4  s tud ies from  w hich  w e co u ld  abstract u se fu l data.

A  second  co m p u te riz ed  su rvey  w as p erfo rm ed  u sing  the DIALOG d a ta  search  eng ine . W e 

looked  fo r in the fo llo w in g  arch ives, Oceanic Abstracts (re fe ren ces av a ilab le  s ince  1964) and 

Aquatic Sciences and Fisheries Abstracts (re ferences ava ilab le  since  1978). T h e  fo llo w in g  c o m b i



nations o f  k eyw ords w ere  used: ben thos o r ben th ic , co m b in ed  w ith  m arine  and  m u ltiv a ria te  and  in 

te rtidal o r in te r-tidal and m acro fau n a  o r m acro zo o b en th o s co m b in ed  w ith  in te rtidal and  m u ltiv a ri

ate. T h is  su rvey  y ie lded  in to tal 60  titles. F rom  the abstracts , w e se lec ted  26 pap ers  from  w h ich  at 

last on ly  14 had  en o u g h  q u an tita tiv e  detail to  be su itab le  fo r ou r an a ly sis  (ref. 1-4, 6 -12 , 15, and 

16). F rom  th ese  14 references, tw o  are dea ling  w ith  a  sub tidal en v iro n m en t (ref. 3 and  13).

B ecause  lite ra tu re  abou t m arine  in tertidal ben thos and  ab io tic  s tru c tu rin g  fac to rs  seem ed  to  be 

scarce  (on ly  16 refereed  pap ers  and  4  in ternal reports) w e d ec ided  to  ex ten d  ou r su rvey  to  sub tidal 

reg ions. A gain  a co m p u te rized  su rvey  in the Oceanic Abstracts and  Aquatic Sciences and Fisheries 

Abstracts a rch ives w as perfo rm ed  using  the DIALOG d a ta  search  engine. T h e  above m e n tio n ed  

k eyw ords w ere  used  bu t in stead  o f  in te rtidal, the keyw ords sub tidal o r sub-tida l w ere  used . T h is 

search  y ie ld ed  on ly  7 titles , from  w hich  one (ref. 3) w as a lready  know n. F rom  th e  rem a in in g  six 

references, tw o  d id  not p rov ide  the req u ired  q u an tita tiv e  in fo rm ation .

T he lists o f  litera tu re  re ferences w ith in  the se lec ted  p apers  and  repo rts  y ie lded  a  few  m o re  ti

tles th a t w ere  su itab le  fo r fu rth e r study.

F or each  study , grain  (m 2) is defined  as the sam p led  su rface  a re a  p er s ta tion , and  e x ten t (km ) 

as the m ax im u m  d istance  betw een  sta tions.

R E S U L T S

Studies and scales

T he lite ra tu re  su rvey  y ie lded  ev en tu a lly  32 stud ies (W arw ick  1971, L ie 1978, M o o re  1978, P oore  

and M ob ley  1980, H ogue and  M ille r 1981, W h itla tch  1981, E sse lin k  and  V an B e lk u m  1986, R af- 

faelli et al. 1986, D e G ee and  D ek k e r 1987, P earson  and  R o sen b erg  1987, G ray  e t al. 1988, Z w arts  

1988, A usten  and  W arw ick  1989, E llio tt and O 'R eilly  1991, M eire  e t al. 1991, R affae lli e t al. 1991, 

V an der M eer 1991, D efeo  et al. 1992, G ee e t al. 1992, B u h l-M o rten sen  and H 0 isæ te r  1993, 

Ja ram illo  and M cL ach lan  1993, Sun et al. 1993, Ja ram illo  1994, H aynes and  Q u inn  1995, S oetaert 

et al. 1995, B ach e le t e t al. 1996, M clach lan  1996, L eg en d re  e t al. 1997, N etto  and L an a  1997, O ug 

1998, O ug e t al. 1998). M acro b en th o s stud ies w ere  m uch m ore com m on  than  m e io b en th o s s tud ies 

(T ab le  1). M o st o f  the stud ies w ere  p erfo rm ed  in in te rtidal areas in the tem p era te  zo n e  (T ab le  2). 

T h e  grain  o f  the m acro b en th o s stud ies  ranged  from  0 .015  to  3.3 m 2 (apart from  o n e  o u tlie r, w here  

the grain  w as 250  m 2), and the ex ten t from  0 .025  to  4 5 0  km  (T ab le  1, F ig . 1). If  on ly  the 

m a c ro b en th o s stud ies  are taken  in to  accoun t, the re la tiv e  v ariab ility  in g ra in  (SD(log grain) =  0 .57 ,



n =  25) w as sm a lle r  than  the re la tiv e  v ariab ility  in ex ten t (SD(log extent) =  1.08, n =  25). N o s ig 

n ifican t co rre la tio n  ( r  =  0 .10 , n = 25, P =  0 .62 ) be tw een  grain  and  ex ten t w as ob se rv ed  (Fig. 1). T he 

re la tiv e ly  low  v ariab ility  in g ra in  is p resu m ab ly  the resu lt o f  the u se  o f  s ta n d a rd iz ed  sam p ling  

eq u ip m en t and  p rocedu res.

Table 1. An overview  o f the 32 selected studies. Grain in m2, extent in km, category refers to the type o f analysis (see 

text), habitat (Hab) refers to intertidal (I) or subtidal (S).

Nr Grain Extent Category Reference Group Hab Latitude

1 2.00E-03 2000 2 4 Soetaert & Vincx, 1995 Meio I 479N
2 1.90E+00 0.05 2 7 Haynes & Quinn, 1995 Macro I 38SS
3 2.16E-01 18 6 Bachelet et al., 1996 Macro s 44S40’N
4 4.00E-02 0.025 7 Netto & Lana, 1997 Macro I 25a33'S
5 3.10E-07 .00007 12 Sun et al., 1993 Meio I 29g15’N
6 9.54E-02 45 6 Mei re et al., 1991 Macro I 51g50'N
7 9.00E-01 50 2 Jaramillo, 1994 Macro I 39g35'S
8 3.30E-01 200 2 5 7 Defeo et al., 1992 Macro I 349S
9 6.25E-02 11 5 Moore, 1978 Macro I 53g30'N
10 3.42E-03 12 7 Austen & Warwick, 1989 Meio I 52SN
12 2.50E-01 0.5 1 Legendre et al., 1997 Macro I 37g02'S
13a 4.00E-01 450 ___4___ Oug et al., 1998 Macro s 61gN
13b 4.00E-01 20 ___4___ Oug et al., 1998 Macro s 61gN
14 3.30E+00 25 I

C
D

C
M

I McLachlan, 1996 Macro I 27gS
15 1.45E-02 30 1_3 Van der Meer, 1991 Macro I 51S50'N
16 5.00E-02 6 6 Raffaelli et al., 1986 Macro I 57Q50'N
17 1.00E-01 80 2 Elliott & O’Reilly, 1991 Macro s 56g05'N
18 2.50E-01 0.06 67 Raffaelli et al., 1991 Macro I 57915’N
19 4.88E-02 1.5 2 Whitlatch, 1981 Macro I 41g42'N
21 2.88E-03 10 7 Warwick, 1971* Meio I 50°40'N
22 1.00E-01 13 7 Pearson & Rosenberg, 1987* Macro s 55g40'N
23 2.80E-05 0.0012 2 Hogue & Miller, 1981 Meio I 44g38'N
24 9.00E-01 50 12 Jaramillo & McLachlan, 1993 Macro I 39g35'S
25 4.00E-01 17 4 Oug, 1998 Macro s 69g40'N
27 4.00E-01 15 67 Gray et al., 1988 Macro s 59g05'N
28 2.50E+02 117 _2_4___ Buhl-Mortensen & Hoisæter, 1993 Macro s 60g50'N
29 4.00E-03 320 7 Gee et al., 1992 Meio s 54g06'N
30 6.00E-01 10 _2 5 Lie, 1978 Macro s 60g15'N
31 5.00E-02 2 __3____ Poore & Mobley, 1980 Macro s 37S55'S
101 7.07E-02 40 1 Zwarts, 1988 Macro I 53g24N
102 4.38E-02 4 1 Esselink & Van Belkum, 1986 Macro I 53g18‘N
103 2.00E-01 50 2 De Gee & Dekker, 1987 Macro s 53g05'N

* See also C larke & W arw ick, 1993.

Various methodologies

G o o d n ess-o f-fit m easu res  can  on ly  be com pared  w ith in  each  o f  the seven  m e th o d s ca teg o rie s  se p a

rately .

R esu lts  o f  s im p le  o r m u ltip le  reg ression  o f  species ab u n d an ce  versus en v iro n m en ta l variab les 

(ca tego ry  1) w ere  rep o rted  in 5 stud ies. T h is low  nu m b er o f  stud ies  does no t p e rm it any  c o n c lu 

sions, a lthough  the av a ilab le  d a ta  ind icate  a n ega tive  re la tio n sh ip  betw een  ex ten t an d  m a x im u m  e x 

p la in ed  v ariance  (M ax  R2). S ee  T ab le  3. T h e  lack  o f  d a ta  also  ho lds fo r th e  re la tio n sh ip  betw een



co m m u n ity  a ttrib u tes  and env ironm en ta l variab les (ca tego ry  2), w hich  w ere  rep o rted  in 13 stud ies. 

S pec ies richness, w h ich  w as the m ost frequen tly  repo rted  co m m u n ity  attribu te  (i.e. in 7 s tu d ies), d id  

not show  any  re la tion  w ith  scale (T able 4).

Table 2. Latitude and habitat o f  the 32 selected studies. M eiobenthos studies betw een brackets. A m sterdam , Holland is 

located at 53° N, Lisbon, Portugal at about 40° N, and Durban, South-A frica or Perth, A ustralia at about 30° S.

Intertidal Subtidal Total

> 409 N 8(4) 10(1) 18(5)
309 S to 409 N 2(1) 0 2(1)
< 309 S 5 1 6

Total 15(5) 11 (1) 26 (6)

extent (km)

Fig. 1. Relation betw een extent (km ) and grain (m 2) o f a benthos study. Filled dots refer to m acrobenthos studies, open 

dots to m eiobenthos studies.



Table 3. M axim um  R o f  five studies in which species abundance was related to environm ental variables. Type refers to 

m ultiple (M ) or sim ple (S) linear regression.

Nr Grain Extent Type Independent variables Max R2

12 0.25 0.5 M Shell hash, elevation, shear stress, energy dissipation, water 
coverage, wave stirring

0.69

102 0.0438 4 S Silt, altitude 0.70
15 0.0145 30 M Median grain, altitude and other environmental variables 0.48

101 0.07068 40 M Silt, altitude 0.39
24 0.9 50 S Mean grain size, beach slope, Dean's parameter 0.43

Table 4. M axim um  R2 o f seven studies in which species richness was related to environm ental variables. Type refers to 

m ultiple (M ) or sim ple (S) linear regression.

Nr Grain Extent Type Independent variables Max FP

19 0.0488 1.5 S Total particle diversity, food particle diversity, % organic matter 0.34
30 0.6 10 S Median grain 0.12
14 3.3 25 S Beach slope, sand particle size, sand sorting 0.85
7 0.9 50 S Median grain, 1/beach slope, Dean's parameter 0.83

24 0.9 50 S Mean grain size, beach slope, Dean's parameter 0.91
103 0.2 50 M Median grain size, silt content, sediment sorting, depth, 

distance to shore, distance to MLWL
0.02

17 0.1 80 M Water depth, median particle diameter (MPD).silt and clay 
content (%SC), sediment sorting (SC), salinity, area

0.42

D irec t g rad ien t an a ly sis  (ca teg o ries  3 and 4) w as app lied  in six stud ies. T w o  stu d ies  used  a linear 

tech n iq u e , i.e. C an o n ica l C o rre la tio n  A nalysis , and fou r stud ies a  n o n -lin e ar m ethod , C anon ica l 

C o rresp o n d en ce  A nalys is . O ne o f  the la tte r stud ies (nr. 1) d id  not repo rt any  g o o d n ess-o f-fit 

m easure , and  the rem a in in g  th ree stud ies do  not allow  any sugg estio n s fo r p o ssib le  re la tio n sh ip s 

(T ab le  5).

Table 5. Extracted variance by the first canonical variate (E V  1), a  goodness-of-fit m easure, o f three studies which used 

Canonical C orrespondence A nalysis to relate species abundance to environm ental variables.

Nr Grain Extent Type Independent variables EV 1

25 0.4 17 S water depth, TOC, gravel, sorting, fine sand 0.21
13b 0.4 20 S C/N ratio, water depth, polycyclic aromatic hydrocarbons, 

effluent impacted sediment
0.20

28 250 117 S sill depth, C/N, %Carbon, %Clay 0.35
13a 0.4 450 S water depth, distance from river, polycyclic aromatic 

hydrocarbons, distance from pollution source, effluent 
impacted sediment, sand-mixed sediment

0.08



Ind irect g rad ien t ana ly sis  (ca tego ries 5 and 6) w as app lied  in n ine stud ies. T h ree  stud ies  u sed  a lin 

ea r tech n iq u e , i.e. P rinc ipa l C o m p o n en t A nalysis , and  six  stud ies a n o n -lin e ar m e th o d , C o rre sp o n 

dence A nalysis . O n ly  tw o  o f  the la tte r stud ies rep o rted  a co rre la tio n  co e ffic ien t b e tw een  on e  o f  the 

can o n ica l axes and on e  o r m ore env ironm en ta l variab les . C lea rly , th is  does not p e rm it any su g g e s

tions fo r p o ss ib le  re la tionsh ip s.

T h e  harm o n ic  rank  co rre la tion  betw een  the species (d is)s im ilarity  m atrix  and  the  en v iro n m en t 

(d is)s im ila rity  m atrix  (ca tego ry  7) w as repo rted  in fo u r stud ies. A gain , the n u m b er o f  s tu d ies  is not 

su ffic ien t fo r any  co n c lu sio n s (T ab le  6).

Table 6. Harm onic rank correlation betw een the species (dis)sim ilarity m atrix and the environm ent (dis)sim ilarity 

m atrix in four selected studies.

Nr Grain Extent Independent variables r

4 0.04 0.025 Spartina biomass, tines, water content, organic content 0.80
21 0.00288 10 H2S, salinity, median particle diameter (MPD) 0.80
22 0.1 13 C, Cd, N content of sediment 0.79
29 0.004 320 silt/clay fraction (SCF),depth 0.77

F or each  ca teg o ry  separa te ly , sam ple  sizes w ere un fo rtu n a te ly  too  low  to allow  co n c lu sio n s. U sin g  a 

no n -p aram e tric  p rocedu re , how ever, com b in es the resu lts . W e ca teg o rized  fo r each  ana ly tica l 

m eth o d  bo th  the ex ten t and the goo d n ess-o f-fit in tw o  c lasses: lo w er than the m ed ian  and  h ig h e r 

than the m edian . If  the  nu m b er o f  s tud ies w ith in  a ca teg o ry  w as u neven , the  m ed ian  w as p u t in one 

o f  the tw o  classes  by  equal chance . T h e  com b in ed  resu lts  can  be arranged  in a  tw o -b y -tw o  tab le , 

and the final resu lt d id  not p o in t to  any associa tion  at all (T ab le  7).

Table 7. The association betw een extent and goodness-of-fit (for each analytical category all figures are clategorized as 

lower o r higher than the median).

Goodness-of-fit 

lower than median

G oodness-of-fit 

higher than m edian

Sum

Extent lower than m edian 3 6 9

Extent h igher than m edian 4 5 9

Sum 7 11 18



Environmental variables

The type of environmental variables that were related to the benthic fauna did not seem to vary 

systematically with scale (Table 8). For the intertidal studies, elevation and a variable characterizing 

sediment composition (most often median grain size) were the most often mentioned physical fac

tors correlating with the benthic fauna. For the subtidal studies, water depth instead of elevation was 

mentioned. Two studies (nrs. 13 and 22) also considered pollution-related variables, e.g. polycyclic 

aromatic hydrocarbons, distance from pollution source, effluent impacted sediment. Few studies 

(mainly those concerned with exposed beaches, i.e. nrs. 7, 8, 14 and 24) mentioned variables di

rectly related to the morpho-dynamic state of the environment, e.g. variables like shear stress, beach 

slope and Dean’s parameter (a combination of breaker height, sinking velocity of sand and wave pe

riod).

T able 8a. Environm ental variables that best correlated with the benthic fauna, subdivided in general, sedim ent and 

w ater-related variables. Intertidal areas.

Nr Grain Extent General Sediment • Water

5 3.1E-07 65e-6 elevation
23 0.000028 .00124 elevation

4 0.04 0.025 water, organic matter
2 1.9 0.05 elevation

18 0.25 0.06 elevation
12 0.25 0.5 elevation, shear stress,

energy dissipation, water
coverage, wave stirring

19 0.0488 1.5 total particle diversity, food
particle diversity, organic
matter

102 0.0438 4 elevation silt
16 0.05 6 elevation median grain, silt
21 0.00288 10 median grain, H2S salinity

9 0.0625 11 silt
10 0.00342 12 salinity
14 3.3 25 beach slope mean grain, sorting
15 0.0145 30 elevation median grain

101 0.07068 40 elevation silt
6 0.0954 45 inundation time median grain, silt chlorinity,02 saturation,

POC, suspended matter,
total P, total N, dissolved
Si, dissolved Cd

24 0.9 50 beach slope, Dean's mean grain
parameter

7 0.9 50 beach slope, Dean's median grain
parameter

8 0.33 200 beach slope, Dean’s mean grain
parameter

1 0.002 2000 median grain, silt salinity



T able 8b. Environm ental variables that were taken into account in the selected studies, subdivided in general, sedim ent 

and w ater-related variables. Subtidal areas.

Nr Grain Extent General Sediment Water

31 0.05 2 water depth medium sand, fine sand, ortho-phosphate, ammonia,
silt, clay, sorting carbonate

30 0.6 10 median grain
22 0.1 13
27 0.4 15 water depth
25 0.4 17 water depth gravel, fine sand, sorting,

TOC
3 0.216 18 water depth median grain, gravel, silt, salinity

organic matter, zostera
debris

13b 0.4 20 water depth
103 0.2 50 water depth, distance to median grain, silt, sorting

shore, distance to MLWL
17 0.1 80 water depth, area median grain, silt and clay, salinity

sorting
28 250 117 clay, carbon
29 0.004 320 water depth silt/clay fraction

13a 0.4 450 water depth sand-mixed sediment distance from river

D IS C U S S IO N

Lack o f power o f the present study

T he nu m b er o f  ap p ro p ria te  stud ies tha t w e w ere  ab le to  se lec t w as u n fo rtu n a te ly  ra th e r sm all. T he 

m ain reason  is that very  o ften  au thors do  not report q u an tita tiv e  in fo rm atio n  on the g o o d n ess-o f-fit 

o f  th e ir  m odels, bu t on ly  p rov ide  the param eters o f  the m odel o r ju s t  v isua lly  d isp lay  the re la tio n 

ship . A  tim ely  exam ple  is the recen t s tudy  on the e ffec t o f  su b sid en ce  as a resu lt o f  gas ex p lo ita tio n  

in the W adden  Sea. A  re la tionsh ip  betw een  e leva tion  and to ta l ben th ic  b io m ass w as fitted  and  su b 

sequen tly  u sed  to  assess the im pact o f  changes in the e lev a tio n  o f  the m udfla ts  on  to ta l b io m ass 

(B eu k em a 1998a, B eu k em a 1998b). T he g o o d n ess-o f-fit o f  the app lied  m odel w as, ho w ev er, not 

m en tioned . S tay ing  w ith in  the D utch  con tex t, the im pressive  handbook  on the eco lo g y  o f  the W a d 

den S ea  show s a w ealth  o f  (g raph ica l) in fo rm ation  on the re la tio n sh ip  betw een  the ab u n d an ce  o f  

m acro zo o b en th ic  species and various env ironm en ta l fac to rs (D ankers and  B e u k em a 1983). G o o d 

ness-o f-fit figu res  w ere , how ever, not p resen ted . A fu rth e r p rob lem  tha t w e ex p e rien ced  w as re la ted  

to the varie ty  o f  ap p ro ach es tha t w ere  app lied  in the se lec ted  s tud ies fo r m o d e lin g  the b en th o s-en v i-  

ron m en t re la tionsh ip . T he ac co m p an y in g  goo d n ess-o f-fit m easu res  o f  th is v arie ty  o f  m o d e ls  can n o t 

be com pared . F o r each  ana ly tica l m ethod  on ly  very  few  stud ies w ere  ava ilab le  (w ith  a m ax im u m  o f 

seven  stud ies  w hich  u sed  linear reg ression  m odels to  re la te  species r ichness to  en v iro n m en ta l v ari

ab les). In ev itab ly  th is  resu lted  in a lack  o f  sta tistica l pow er. T h e  co m b in ed  p ro ced u re , a lthough  it



m igh t be lab e led  as ad -hoc , d id  n o t p o in t to  any associa tion  b e tw een  sca le  and  g oodness-o f-fit. 

N ev e rth e le ss , fu rth e r s tud ies  on  the im portance  o f  the spatia l scale  o f  m arin e  b en th o s-e n v iro n m en t 

su rveys sh o u ld  be based  on a u n ified  ana ly tica l approach , w h ich  can  on ly  be rea lized  if  o rig ina l data  

are ava ilab le .

Abiotic variables

A lthough  the re la tiv e  im p o rtan ce  o f  various ab io tic  variab les in re la tion  to  scale  rem a in ed  obscu re , 

m ost stud ies  co n firm ed  the general im portance  o f  sed im en t ch a rac teris tics  and  e lev a tio n  (in in te r

tidal areas) o r  w ate r dep th  (in sub tidal areas) in d e te rm in in g  the  ben thos. S o m e stu d ies  (m ain ly  on 

ex p o sed  beaches) p o in ted  to  the re lev an ce  o f  m o rp h o -d y n am ics, by  show ing  the  e ffec t o f  v ariab les  

like sh ear s tress an d  D e a n ’s param ete r. H ow ever, these  variab les are often  s tro n g ly  co rre la te d  w ith  

sed im en t ch a rac te ris tic s . F o r exam ple , in one s tudy  (nr. 14) the P earson  co rre la tio n  co e ffic ie n t b e 

tw een  beach  slope and  m ean  p artic le  size  w as 0 .99  (as w e ca lcu la ted  on b as is  o f  the d a ta  p resen ted ). 

In an o th er s tudy  (nr. 24) th is  co e ffic ien t ap peared  to  be equa l to  0 .78 . T h is in te rd ep en d en cy  b e 

tw een  en v iro n m en ta l variab les , w hich  is u sua lly  en co u n te red  in fie ld  s tud ies, m ak es it a lm o st im 

p o ssib le  to  be co n c lu s iv e  on  the m echan ism s u n derly ing  the ob se rv ed  co rre la tio n s. O b serv a tio n al 

s tud ies  like  w e are co n c ern ed  w ith  in the p resen t study , shou ld  repo rt these  in te rd ep en d en c ies . Y et, 

on ly  one s tudy  (V an  d e r  M e er 1991) ex p lic itly  described  these  in te rd ep en d en cies  b e tw een  ab io tic  

variab les . A n o th e r  p o in t o f  concern  is tha t stud ies w ere  u sua lly  s ilen t on the  rea so n s o f  inc lud ing  

specific  ab io tic  v ariab les  in the  study.

The scope o f benthos-environment regression models

F inally , w e w ill from  a m ore  general perspec tive , d iscuss  the app licab ility  o f  reg ressio n  m o d e ls  re 

la ting  b en th o s to  the en v iro n m en t. S urveys o f  the m acro b en th o s o f  so ft-sed im en ts  are u su a lly  c o n 

ducted  ov er a sh o rt tim e span. U sually , on ly  a sing le  su rvey  is perfo rm ed . A re  these  m o d e ls  on ly  

re lev an t to  the  here  an d  now  o f the study? T h is w ou ld  m ean tha t the m ode ls  co u ld  on ly  be u sed  for 

in te rpo la tion . O r are the  m ode ls  also  app licab le  in the fu tu re , the  p as t and  in o th e r a reas?  T his 

w o u ld  en ab le  so m e so rt o f  ex trapo la tion . T h e  answ er to  th is  ques tion  re la tes to  the b io lo g ica l a s 

su m p tio n s tha t can o r can n o t be m ade. F o r exam ple , w hat can  w e say  abou t the  p re su m e d  in te rac 

tion  b e tw een  tim e and  en v iro n m en t?  In o th e r  w ords w hat can  w e say  abou t the  tim e-in v aria n ce  o f  

the reg ressio n  p aram ete rs?

S urveys o f  the  m a c ro b en th o s o f  so ft-sed im en ts  are u su a lly  sn ap -sh o ts  in tim e, b u t ben th ic  

co m m u n ities  (p articu larly  in the es tu a rin e  en v ironm en t) are know n  fo r  th e ir  la rge  tem p o ra l v a ria 



tions in spec ies  ab u n d an ce  (B eu k em a 1989, C oosen  et al. 1994). T h ese  v a ria tio n s m ay be du e  to  the 

vagaries o f  w ea ther, w hich  have strong  im pact on  the rec ru itm en t success o f  m an y  sp ec ie s  (B eu 

kem a 1989). U nknow n  varia tions in the en v ironm en ta l con d itio n s du rin g  the pe lag ic  p h ase  o f  the 

larvae m ay also  co n trib u te  to  the la rge varia tions in rec ru itm en t tha t are u su a lly  o bserved . V aria tio n  

in rec ru itm en t seem s to  have strong  in fluence  on the  s truc tu re  o f  the  com m unity . T h u s, w hen  on ly  a 

sing le  p o in t in tim e is co n sid ered , it m igh t be tha t at all sites in the s tudy  area  the o b se rv e d  ab u n 

dance o f  a species is m uch  low er than the long-te rm  average density . A t o the r tim es the  o b se rv ed  

ab u n d an ce  co u ld  be m uch  h ig h e r at all sites. T im e p lays a  ro le , and the no tion  o f  a s in g le  ‘tru e ’ re 

g ression  m odel tha t w orked  in the p ast and w ill w ork  in the fu tu re , is then  no t trac tab le .

In co n c lu sio n , it w o u ld  be h igh ly  reco m m en d ab le  tha t fu tu re  stud ies on the g o o d n ess-o f-fit o f  

reg ression  m odels re la ting  es tu ra rin e  ben thos to  its en v iro n m en t shou ld  no t on ly  co n s id e r  the  ro le  o f  

spatia l scale  but the e ffec ts  o f  tem poral scales as w ell.
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