
A  L T  E  R  R  A

W A G  E N I N G E N U  R

M o d e l l i n g  t h e  d i s t r i b u t i o n  of  w a d e r s  
in t h e  W e s t e r s c h e l d e
W h a t  i s  t h e  p r e d i c t i v e  p o w e r  o f  a b i o t i c  v a r i a b l e s ?

B . J .  E n s  
A. G.  B r i n k m a n
E . M .  D i j k m a n  
H . W . G .  M e e s t e r s  
M.  K e r s t e n
A.  B r e n n i n k m e i j e r
F.  T w i s k





M odelling the  d istribu tion  o f  w aders in the  W esterschelde



P rinc ipa l (s) /  c o n ta c t I RW S Z e e la n d  C .P . B o llebakker

Title
R e p o r tn u m b e r

M o d e lin g  th e  d is tr ib u tio n  o f  w a d e r s  in th e  W e s te rs c h e ld e  
1193

S u m m a ry  A v a r ie ty  o f  la n d  a n d  w a te r  d e v e lo p m e n t  p ro je c ts  h a v e  b e e n  a n d  a re  b e in g  e x e c u te d  in  th e
W e s te rs c h e ld e . This re p o r t  r e c o u n ts  th e  a t te m p ts  to  d e v e lo p  s ta tis tic a l m o d e ls  c a p a b le  o f  
d e s c rib in g  a n d , m o re  im p o rta n tly , fo re c a s tin g  th e  e f fe c t  o f  th e s e  p ro je c ts  o n  w a d e rs .  S u ch  m o d e ls  
w ill p ro v e  u se fu l w h e n  a n s w e r in g  q u e s t io n s  p o se d  in th e  c o n te x t  o f  th e  B irds D irec tiv e  a n d  fo r 
M ER. S tu d ie s  s h o w  th a t  t h e  se le c te d  sta tis tica l m e th o d  d o e s  n o t  re su lt  in  m o d e ls  su ita b le  fo r  
e f fe c t  fo re c a s tin g . R e c o m m e n d a tio n  fo r  th e  n e a r  te rm  is to  d e v e lo p , in  a d d itio n  to  th e  c u r re n t  
g e n e ra t io n  o f  sta tis tica l m o d e ls , o th e r  (p ro c e ss  o r ie n te d )  m o d e ls . D e v e lo p m e n ta l c o s ts  f o r  th e s e  
m o d e ls  te n d  to  ru n  h ig h  b u t  c a n  p ro d u c e , po ss ib ly  in c o m b in a tio n  w ith  th e  sta tis tica l m o d e ls , 
e n h a n c e d  e f fe c t  fo re c a s tin g

S a m e n v a tt in g  In d e  W e s te rs c h e ld e  zijn e n  w o rd e n  d iv e rse  in g re p e n  g e d a a n .  D it r a p p o r t  g e e f t  e e n  v e rs la g  van  
e e n  p o g in g  s ta b s tisc h e  m o d e lle n  t e  o n tw ik k e le n  w a a rm e e  h e t  e f f e c t  v a n  d e z e  in g re p e n  o p  
s te ltlo p e rs  b e s c h re v e n , e n  v o o ra l, v o o rsp e ld  k a n  w o rd e n . D erg e lijk e  m o d e lle n  k u n n e n  e e n  
b e lan g rijk e  ro l g a a n  sp e le n  bij h e t  b e a n tw o o rd e n  v a n  v ra g e n  d ie  b ijv o o rb e e ld  g e s te ld  w o rd e n  in 
h e t  k a d e r  v an  d e  V ogelrich tlijn  e n  bij d e  M ER. U it h e t  o n d e rz o e k  b le e k  d a t  d e  g e k o z e n  s ta tis tisch e  
te c h n ie k  n ie t  to t  m o d e lle n  le id t d ie  z o n d e r  m e e r  v o o r  e f fe c tv o o rsp e llin g  to e g e p a s t  k u n n e n  
w o rd e n . V o o r  d e  to e k o m s t  w o r d t  a a n b e v o le n  o m  n a a s t  d e  h u id ig e  g e n e ra t ie  s ta b s tisc h e  m o d e llen  
o o k  a n d e re  ty p e  m o d e lle n  (p ro c e s g e o r ië n te e rd e  m o d e lle n )  t e  o n tw ik k e le n . D e o n tw ik k e lk o s te n  
v o o r  d it  ty p e  m o d e lle n  zijn v a a k  h o o g , m a a r  zij k u n n e n , e v e n tu e e l  in  c o m b in a tie  m e t  d e  
s ta tis tis c h e  m o d e lle n , d e  b as is  v o rm e n  v o o r  e e n  v e rb e te rd e  e ffe c tv o o rsp e llin g .

V er. O r ig in a to r J f c t e REMARKS REVIEW A PPRO V ED  BY _ <
1 F. T w isk  « a p=2 T - é - T o o r Final B.J. K ater J.A. v a n  P a g e e

I //

P ro je c t ID ZEEKENNIS 15192
C o n fid e n tia l
S ta tu s

YES, un til (d a te )  £ 3  N O
Pre lim inary  □  DRAFT £ 3  FINAL



ABSTRACT

E ns, B ru n o  J ., B ert (A .G .) B rinkm an, E lze  D ijkm an, E rik M eesters, Marcel K ersten , Allix B renninkm eijer, Fred 
T w isk , 2005. Modelling the distribution o f waders in  the Westerschelde. What is the predictive power o f abiotic variables! 
W ageningen, A lten a , A lterra -rap p o rt 1193. 140 blz., 76  fig s ., 35  tables.

T h is  rep o rt describes various m odels th a t p red ic t th e  d istribu tion  o f  birds, m ainly w aders, feeding o n  th e  intertidal 
flats o f  the W esterschelde, SW  N e therlands , du rin g  low  tide. A biotic p red ictor variables used in the m odels are e.g. 
em ersion  tim e, cu rren t velocity, silt co n te n t and  salinity. Feeding densities o f  b irds w ere de te rm ined  from  seven 
co u n ts  covering  an  endre  low  w a te r p e rio d  in 71 study p lo ts a t  fo u r locations in 2003 and  2004. A b io tic  p red ic to r 
variables w ere e ith e r m easured  in th e  study p lo ts  o r  derived fro m  G IS-m aps. G eneralized  linear m odeling (G EM ) was 
em ployed to  fit m odels w ith total n u m b er o f  foraging hours o f  a particular b ird  species as the d ep en d en t variable. 
T h e  predictive pow er, as judged from  th e  explained deviance, was high fo r m any o f  the m odels, bu t they perform ed  
po o rly  w hen  th e  p red ictions w ere validated w ith low  tide co u n ts  in  o th er areas and  high tide co u n ts  covering  the 
en tire  W esterschelde. T h is  m ism atch  was pardy  due  to  th e  fact that th e  m odels o ften  pred icted  very  high bird 
densities fo r ab io tic  co n d itions th a t w ere relatively ra re  in the W esterschelde and  did no t occur in th e  study p lo ts. It 
w as a lso  investigated w h e th er add in g  in fo rm atio n  o n  actual m acrozooben thos densities could  im prove th e  predictive 
p o w e r o f  th e  m odels. G enerally , this w as n o t th e  case, bu t the d istribu tion  o f  O ystercatchers show ed a g o o d  
co rre la tion  w ith th e  C ockle stocks.

K eyw ords: W esterschelde, h ab ita t corre la tions, ab io tic  p red ic to r variables, d istribu tion  m odel, generalized linear 
m odel (G LM ), Shelduck, O y sterca tcher, A vocet, R inged Plover, G rey  Plover, Curlew , Bar-tailed G odw it, Redshank, 
D u n lin , Sanderling, K n o t
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P reface

T h is rep o rt describes the  results o f  a  pro ject initiated by  the R ijksw aterstaat N ational 
In stitu te  fo r C oastal and M arine M anagem ent /  RW S R1KZ u nder co n trac t R K Z - 
1267 dealing with th e  deve lopm en t o f  m odels tha t pred ic t the  d istribudon  o f  several 
b ird  species o v e r the tidal flats o f  the  W esterschelde during  low  tide. A lterra BV was 
the  ch ie f co n trac to r and  Bureau A ltenburg  &  W ym enga and the N etherlands 
In stitu te  o f  F isheries Research (RTVO) w ere subcontractors.

RWS R IK Z  supplied  G IS -m aps o n  abiotic p red ic to r variables and took  charge o f  
analyzing the  sed im ent sam ples. In  the course o f  the p ro jec t there w ere also regular 
m eetings with em ployees o f  the  RWS R IK Z  (Jaap G raveland , Belinda K ater, P eter 
M eininger and F red  Twisk) to  discuss the progress o f  the project. T h ro u g h o u t the 
project, F red  T w isk invested m uch effort. H e also w ro te  the sections o n  the benthic 
sam pling an d  the  validation.

A lterra was in  charge o f  the  p ro jec t as a w hole, and  the  subtasks o f  handling the  data, 
m odelling and  reporting . E lze D ijkm an and  Jen n y  C rem er were in charge o f  the 
database and  m aking G IS-m aps. B ert B rinkm an and E rik  M eesters perfo rm ed  the 
statistical m odelling. B runo E ns was the pro ject leader.

Allix B renninkm eijer, M arcel K ersten  and  o th e r em ployees o f  Bureau A ltenburg & 
W ym enga staked o u t the  p lo ts, perform ed the  bird coun ts and to o k  sedim ent 
sam ples. T o  reach study sites com pletely  su rrounded  by w ater, they em ployed 
A quaTerra, w h o  had  a b o a t (the “Snoek”) with an erectable hide, w hich was 
especially co n stru c ted  fo r the  project.

Jo s ien  S teenbergen  from  the N etherlands Institu te  o f  Fisheries (RJVO) developed a 
C ockle habitat m odel on the  basis o f  their regular survey data and  abiotic 
in fo rm ation  p rov ided  by RWS R IK Z .
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Sum m ary

T o  help find the  optim al balance betw een nature conservation, econom ic 
deve lopm en t and  hum an safety in the  W esterschelde, the  R ijkswaterstaat N ational 
In stitu te  fo r C oastal and  M arine M anagem ent /  RWS R IK Z  has initiated a m ajor 
pro jec t en tid ed  Z E E K E N N IS . T his p ro jec t seeks to  increase the understanding  of 
the  physical and ecological processes th a t operate  in the W esterschelde to  im prove 
predictions o f  the consequences o f  various h um an  activities. T he Z E E K E N N IS  
pro jec t is divided in to  several them es, o n e  o f  w hich deals w ith the birds tha t feed o n  
the  intertidal flats during  low  tide. P resen t pred ictions o f  hum an im pact o n  birds 
depend ing  o n  the flats o f  the  W esterschelde, d o  n o t include em ersion tim e as an 
im p o rtan t variable. Yet, em ersion  tim e is a lm ost certainly a very im p o rtan t variable 
fo r the  b irds, as it determ ines how  long they can feed o n  the flats. O th e r  habitat 
variables m ay determ ine prey availability. T his repo rt describes the progress m ade in 
developing  a too l to  pred ic t changes in  the  d istribution  and  the num bers o f  b irds as a 
result o f  m an-induced  changes in the  m orpho logy  o f  the  estuary.

T h e  prim ary aim  o f  the  study was to  use a correlation  approach  to  develop m odels 
tha t directly link the feeding densities o f  the birds to  abiotic features o f  the  estuary 
tha t are potentially changed by hum an activities under study (mainly dredging  and 
d u m p in g  o f  sedim ent).

A total o f  63 study plo ts (later increased to  71) m easuring approxim ately 50 by 50 m 
w ere staked o u t o n  the  flats, spread o v er fou r d ifferen t locations in the 
W esterschelde: H ooge P laten, Paulinaschor, P laat van Baarland and R ug van 
Baarland. O n  seven dates betw een au tu m n  2003 and autum n 2004, the b irds were 
coun ted  du ring  an  en tire  low  w ater period. T he sum m ed num ber o f  foraging hours 
o f  a particular bird species in a p lo t during  one co u n t was the  d ep en d en t variable in 
o u r m odels.

M o st abiotic variables (current velocity, em ersion tim e, height and salinity) were 
derived from  G IS  m aps p rovided  by RWS R IK Z . Sedim ent com position  (silt co n ten t 
and  m edian grain size) was m easured in the  p lo ts, as well as derived from  G  IS m aps.

T h e  original co n trac t did n o t include taking sam ples o f  the benthic fauna in the  plots. 
T h is  additional inform ation  was collected by an institu te outside the consortium  and 
this in fo rm ation  becam e available near the end  o f  the project. D uring the  project, 
prey choice o f  the  b irds was som etim es no ted  and  financial resources were 
reallocated to  allow a p ro p e r analysis o f  these observations.

It was hoped  to  ob ta in  sufficient data to co n stru c t m odels fo r the follow ing bird 
species: Shelduck Tadorna tadorna, O ystercatcher Haematopus ostralegus, A vocet 
Recurvirostra avosetta, Ringed P lover Charadrius hiaticula, G rey P lover Pluvialis squatarola, 
K n o t Calidris canutus, Sanderling Calidris alba, D unlin  Calidris alpina, Bar-tailed G odw it 
Limosa lapponica, Curlew  Numenius arquata and R edshank Tringa totanus. T o o  few

A lterra-rapport 1193 13



A vocets fed in the p lo ts to  build m eaningful m odels. Sanderlings w ere sufficiendy 
ab u n d an t during  only o n e  coun ting  period.

W e used G eneralized  L inear M odelling (G LM ) to  o b ta in  m odels relating b ird  usage 
to  abiotic variables. T h e  deviance that was explained by these regression m odels for 
individual coun ting  dates was generally h igher than  the deviance th a t was explained 
by m odels w here all the  d ata  w ere lum ped and  w here it was assum ed th a t b irds only 
changed  their n u m b er in  the  course o f  the  season, b u t n o t their d istribu tion . 
H ow ever, in a way, the  results o f  the  m onth ly  m odels w ere “ to o  g o o d  to  be true” . 
T h e  high explained deviances found w hen  calculating these m odels, could  be due to 
overparam eterization . P erhaps, we had  to o  m any param eters and  to o  few  plo ts to 
p roduce m eaningful m odels for a single count. W e therefore  assum ed th a t the 
densities o f  the  b irds varied in the course o f  the  season, b u t tha t this d id  n o t affect 
the basic re la tionsh ip  betw een bird usage and  the  abiotic p red ic to r variables. F o r the 
m ajority o f  species, these m odels still explained m ore th an  50%  o f  the  deviance.

M any o f  the  ab io tic  variables w ere highly correlated , so w e cou ld  use only a subset. 
In  m aking this selection, w e also to o k  acco u n t o f  the fact tha t variables that are 
m easured o n  a regular basis in the W esterschelde are m ore useful in predictive 
m odels, than  variables th a t require a special e ffo rt to  ob ta in  m easurem ents. F o r this 
reason , w hen  decid ing  w hich  o f  the  tw o correlated  variables cu rren t velocity o r silt 
co n ten t should  be in co rp o ra ted  in the  m odels, w e p re ferred  cu rren t velocity. D ep th  
and  em ersion  time are also highly correlated , and in this case w e p referred  em ersion 
tim e, as it is the m o re  m eaningful variable from  the  p o in t o f  view o f  the  birds.

T hus, w e en d ed  up  w ith a  m odel w ith the  code nam e Y 3V M  th at was based  o n  three 
abiotic p red ic to r variables (em ersion tim e, cu rren t velocity and  salinity) and  m onthly  
variation  in the abundance o f  the b irds, b u t n o t in their d istribu tion . W hen  this 
m odel w as validated -with co u n ts  in o th e r low  tide feeding areas and  w ith  counts 
m ade du ring  high tide, the  results w ere ra th e r p o o r  fo r the  m ajority o f  bird species. 
In  m any cases, m any m ore b irds w ere pred ic ted  to  o ccu r th an  actually did. Close 
exam ination  revealed a m ajor p rob lem  w ith this m odel. F o r som e abiotic pred ic to r 
variables, the  pred ic ted  b ird  ho u rs  steeply increased fo r e ither very low  o r  very high 
values o f  the  p red ic to r variable. T h u s, very high b ird  usage was predic ted  for 
relatively rare habitats w here  we d id  n o t have m easurem ents. Since it was not 
possible to  collect additional data in these rare habitats, this situation  could no t be 
rem edied in a fundam ental way. All we could  d o  was to  investigate if  slightly 
d ifferen t m odelling approaches m ight alleviate the  prob lem . In sp ectio n  o f  the data 
and  the  m odel suggested tha t in several cases a few data  po in ts  w ith  high bird usage 
were responsible fo r bo th  the high explained deviance and  the undesirable shape o f  
the  m odel. T o  m inim ize the  effec t o f  such outliers, w e g rouped  the  data by  sum m ing 
foraging ho u rs  o f  the  b irds for classes o f  em ersion  tim e and  cu rren t velocity. T his led 
to  a m odel w ith the  code nam e G SY 2V M  tha t was based  o n  tw o abiotic pred ic to r 
variables (em ersion tim e and  cu rren t velocity) and  m onthly  variation in the 
abundance o f  the b irds, b u t n o t in their d istribution. T h e  validation results were 
b e tte r fo r som e species, b u t still ra ther p o o r  fo r the  m ajority o f  species.
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As explained, the p o o r  results o f  the validation were n o t due to  the fact th a t the 
m odels had  a  p o o r  fit to  the  data. In  fact, fo r som e species the m odel fit was 
spectacularly good. H ow ever, critics m ight argue tha t a ver)' good  correlation can still 
be a  spurious correlation, and  tha t w hat m atters to  the birds are n o t abiotic variables, 
b u t the  stocks o f  the  ben th ic  food supplies. We therefo re  com pared  the  perform ance 
o f  abiotic p red ic to r variables w ith the perfo rm ance o f  biotic (i.e. benthic) pred ic to r 
variables. In  m o st species, m odels w ith only abiotic variables explained m ore 
variation  in  bird usage than  m odels with only biotic variables. W hen  it was 
investigated w h e th e r adding  bio tic  variables to  a m odel w ith abiotic variables 
significantly im proved  the  m odel fit, the answ er was negative for m o st species, 
excep t for R edshank, Bar-tailed G odw it and O ystercatcher. In  the case o f  R edshank 
and  Bar-tailed G o d w it the explained variance increased only by a few percen t, b u t in 
the case o f  O ystercatcher, the  explained variance increased by m ore than  10%.

O bservations o n  O ystercatchers indicated that Cockles w ere the m ain prey for this 
species in the  W esterschelde an d  the  d istribu tion  o f  this species over the study plots 
was clearly determ ined  by  the  density  o f  Cockles, especially the larger size classes.

Sum m arizing, we succeeded in deriving m odels that can “explain” quite well the data 
tha t we collected to  co n stru c t these m odels, i.e. explained deviances o ften  exceeded 
50% . H ow ever, the  validation indicated th a t fo r m any species, the predictive pow er 
o f  these m odels was ra ther poor. R easonably reliable predictions can only be 
ob ta ined  for D unlin  and G rey  Plover. T h ese  tw o species are b o th  com m on  and do 
n o t su ffer from  the p rob lem  th a t high bird usage is predicted  for relatively rare 
habitats th a t we did n o t en co u n te r in o u r study locations. Since w e think th a t the 
partial failure o f  o u r  study can be rem edied, w e see n o  need to  abandon the  idea tha t 
b ird  usage can be  pred ic ted  directly from  abiotic variables to  a considerable degree.

T h e  obv ious so lu tion  to  rem edy the  p o o r  perform ance o f  m odels that pred ic t high 
bird usage in  habitats tha t are relatively uncom m on is to selectively study bird usage 
in these rare habitats. T h e  p lo ts  used fo r validation w ith low tide coun ts  m ight be 
useful in th is respect, as it tu rn ed  o u t tha t they had com binations o f  em ersion time 
and  cu rren t velocity th a t we d id  n o t encoun te r in the  p lo ts used to construc t the 
m odels. A dditional co u n ts  are also needed to  test i f  the b irds systematically change 
their d istribution  p a tte rn  in the  course o f  the season.

T h e  above recom m endations am oun t to  a co u n tin g  program m e encom passing 15 
study locations and  a t least 12 coun ts p e r year. T h e  financial resources and the extra 
time needed to  co n d u c t this p rogram m e may be a problem . Som e quick and  cheap 
im provem en t o f  the  m odels m igh t be possible by including the low tide coun ts used 
fo r validation. T o  estim ate the  ex ten t o f  the im provem ent the high tide coun ts can be 
used fo r validation, b u t fo r validation w ith low  tide coun ts it will be necessary to 
collect new  data.

A n alternative o p tion  is available for the  O ystercatcher. F o r this species, a m odel 
exists tha t can calculate how  the  birds will d istribute their foraging e ffo rt w ith respect 
to  a particular food  supply. W ith som e additional assum ptions, the m odel can
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calculate the carrying capacity o f  a particular estuary. T h is  m odel, called W E B T IC S, 
is n o t built o n  correlations, b u t o n  know ledge o f  the  processes know n to  govern  the 
d istribu tion  o f  the  b irds (R appoldt el al. 2004).
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1 In tro d u c tio n

T h e  W esterschelde is an  estuary w ith  h igh  natural values, including large num bers o f  
b irds feeding o n  the  in tertidal flats a t low  ride (B errevoets et al. 2003). F o r this reason 
the  area receives special p ro tec tio n  from  the E U  Birds D irective and  the  E U  H abitat 
D irective. A t the  sam e rime the  W esterschelde links the  econom ically im p o rtan t p o rt 
o f  A n tw erpen  to  the  o pen  sea w hereas high dikes p ro tec t po lders, consisting  o f  
reclaim ed land b o rd e rin g  the  W esterschelde, against flooding. T hus, the  natural 
values o f  the  W esterschelde have been  and  still are u n d er pressure from  econom ic 
developm ents and  the  need  to  p rov ide sufficient p ro tec tion  to  the peop le  living 
b eh ind  the dikes.

T o  help rind d ie  optim al balance betw een  natu re  conservation, econom ic 
developm ent and  h um an  safety, d ie  R ijksw aterstaat In stitu te  for C oastal an d  M arine 
M anagem ent /  R W S  R IK Z  has initiated a m ajor p ro jec t entitled Z E E K E N N IS . This 
pro ject, w hich  w as com m issioned  by RWS Zeeland, seeks to  increase the 
understand ing  o f  the  in te rd ep en d en t physical and  ecological processes tha t operate in 
the  W esterschclde so  th a t it may b e  possib le to  p red ic t die consequences o f  various 
hum an activities. A n  o bv ious activity is dredging the  W esterschelde to  a greater 
d ep th , b u t Z E E K E N N IS  is n o t restric ted  to  this activity. In  fact, the  aim is to 
p red ic t the im pact o f  any hum an activity th a t potentially influences the physical 
a n d /o r  ecological p rocesses operating  in the W esterschelde, including m anagem ent 
and  resto ration  projects. Scenario studies can be  envisaged w here it is investigated 
w hich  locations are m o s t suitable for resto ration . Such scenario calculations are n o t 
p art o f  Z E E K E N N IS  b u t could be  p a r t o f  the  com ing  M E R  (environm ental im pact 
study) o n  th e  plans to  substantially increase the d ep th  o f  d ie  W esterschelde.

T h e  Z E E K E N N IS  p ro jec t is organised around  the them es depicted  in Figure 1-1. A t 
the  know ledge and  in strum en ts level m orphological and hydrological aspects are 
stud ied  and  m orphological and  hydrodynam ical m odels built. T h e  o u tp u t o f  the 
m odels arc m aps, fo r instance o f  b o tto m  level and  cu rren t velocities, w hich  are used 
as in p u t for the  ecological G IS-m odules. H ab ita t m aps fo r species o f  
m acro zo o b en th o s, fish, b irds and  m arine m am m als are p ro d u ced  by com bin ing  
those m aps w ith defin itions o f  their hab itat requirem ents. T h e  instrum ents are used 
to  sim ulate and p red ic t effects o f  natural developm ents and  hum an activities on  the 
aspects ‘safety against flooding, accessibility and  natural qualities’, w hich are the  main 
m anagem ent goals fo r the  estuary. A fte r integration the results can be  used a t the 
assessm ent and  advisor}' levels, to  su p p o rt estuarine m anagem ent decisions.

T his p ro jec t con tribu tes to  the  know ledge and instrum ents level and  deals w ith the 
b irds tha t feed o n  the  tidal flats du ring  low  tide. T hese tidal flats, and therefore the 
birds, are influenced by changes in the  m orphology o f  die estuary as a result o f 
em bankm en ts in th e  p ast, w idening o f  d ie  sh ipp ing  channel (dredging and  dum ping) 
an d  sea level rise. A  too l is needed to  p red ic t changes in the  d istribution and the 
num bers o f  b irds as a result o f  m an-induced  changes in  m orphology o f  the estuary.
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Figure 1-1. Depiction of the interrelationships between the various themes in the ZE E K E N N IS project. Source: 
RW S RIKZ.

1.1 M ak in g  p red ic tions: p ro cess-b ased  versus co rre la tion  m odels

T h ere  are m any ways to  trv to  pred ic t the  im pact o f  h um an  activities o n  the birds 
tha t feed o n  the  tidal flats during  low  tide. Ideally, w e w ould  have know ledge on how  
the  h um an  activities n o t only affect the  m orpho logy , b u t also o n  how  this change in 
m orpho logy  im pacts the d istribu tion  and  popu la tion  dynam ics o f  each o f  the  benth ic 
anim al species living a t the surface o f  the  flats. Finally, w e shou ld  know  how  this 
change in ben th ic  food  stocks affects d ic  foraging d istribu tion  and  population  
dynam ics o f  the  various b ird  species. This is the  app roach  advocated  by G oss- 
C ustard  (1985), M eire (1993), E ns el at. (1994), G o ss-C ustard  et a I (1995) and 
S utherland (1996). C onsiderab le p rogress w ith  this app roach  has been  m ade for tw o 
species o f  shellfish-eating shorebird : the O ysterca tch er (Stillman el al. 2000; Stillman 
et at. 2001; R ap p o ld t et at. 2003a; R appo ld t et al. 2003b; R appo ld t et at. 2004) and  the 
K n o t (Z w arts &  B lom ert 1992; van G ils et at. 2003; van G ils &  P iersm a 2004). W hile 
such an ap p ro ach  based  o n  a fundam ental understand ing  o f  the  various interlocking 
underlying ecological processes is the best guaran tee fo r reliable predictions, the 
resources needed  to  build  and  param eterize a m odel fo r each o f  the  w ader species 
feeding o n  the  tidal flats o f  the W esterschelde, w ould  be  im m ense. Thus, the process- 
based approach is not suitable i f  resources a n  limited and a quick answer is needed.

A n alternative app roach , requiring fewer resources, is to  rely o n  correlation m ethods 
tha t directly link d ie  feeding densities o f  the w aders to abiotic features o f  the estuary 
that are potentially  changed  by the  h um an  activity u nder study. Clearly, shorebirds
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eat prey item s, n o t abiotic variables. H ow ever, the  density  and  the availability o f  the 
prey item s are likely to  be  linked to  ab iodc variables like sed im ent com posidon  and 
em ersion dm e. W e m ay expect b irds to  becom e adapted to  the habitat w here they 
m o st com m only  feed an d  this will re inforce their preference for tha t habitat. T h ere  is 
variadon in the fo o t p ressure betw een d iffe ren t bird species fo r instance, and the 
b irds w ith the low est fo o t pressure tend  to  feed o n  the  so ftest substrates (Figure 1-2). 
B lom ert (2002) review ed the correlation  approach and  the  available evidence, and 
concluded  th a t there  w ere good  reasons to  believe the  approach  to  w ork, b u t that so 
far there w ere on ly  th ree  em pirical studies conducted  along these lines.

O n e  o f  these studies was by Brinkm an &  E ns (1998), w ho  successfully predicted  the 
effects o f  soil subsidence and sea level rise o n  the w aders feeding on the intertidal 
flats o f  the  D u tch  W adden Sea; see E n s  &  B rinkm an in O o s t et al. (1998). T he 
approach  did n o t w ork  fo r all species, b u t for a m ajority o f  species feeding densities 
in late su m m er show ed clear, o ften  bell-shaped, relationships w ith the abiotic 
variables silt c o n ten t and  em ersion tim e. T hese relationships were ob tained  from  data 
collected b y  Z w arts  and  co-w orkers a t low  tide in a small study area along the  Frisian 
coast (Z w arts 1988; B lom ert 2002). G iven  the  restric tions with regard to  size and 
geography o f  th a t study area, it was all the m ore surprising  tha t w hen the  m odels 
were used to  p red ic t the  num ber o f  b irds in the D u tch  W adden Sea as a w hole, these 
num bers w ere in m any cases in the  sam e o rd e r o f  m agnitude as the num bers counted 
du ring  high tide (M eltofte et a!. 1994). Thus, the correlation approach may be a feasible 
approach to apply to the Westerschelde.

I f  the  re la tionship  betw een habitat characteristics and bird densities did n o t depend 
on  the  geographical area, the W adden  Sea m odel m ight simply be used to  pred ic t 
densities in the W esterschelde. H ow ever, a first trial with the d istribution m odels 
based o n  d ata  from  the  W adden Sea Brinkm an &  E n s (1998) show ed tha t the 
resulting d istribu tion  m aps did n o t resem ble the patterns observed  by V an K leunen 
(1999) in the W esterschelde (RWS R IK Z , unpublished). B oth the m odels and 
observations regarded bird densities a t low  tide. H ow ever, the m odels w here mainly 
based o n  late sum m er observations, w hereas the  data reported  by V an K leunen were 
for the m id-w in ter situation. O n e  exam ple is show n in Figure 1-3: the relative 
d istribu tion  o f  G rey P lover in the m odel show s densities in the mid and eastern  area 
tha t are m uch  h igher than  observed. T his m ism atch betw een pred ic tions and 
observations p rov ided  fu rther su p p o rt to  follow the advice o f  B lom ert (2002) to 
initiate em pirical investigations in the W esterschelde itse lf o n  the relationship 
betw een the  feeding densities o f  birds and  abiotic variables characterizing the tidal 
fiats. Thus, models specific to the case o f the Westerschelde need to be built.
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1.2 M odelling approach

1.2.1 Foraging  hours as the dependen t variable

I lie  aim  o f  the study was to  relate the  feeding densities o f  the b irds to  environm ental 
variables like sed im ent type and  em ersion tim e as w as d o n e  fo r instance bv 
Scheiffarrh et a / (1996), Yates et at. (1996), B rinkm an &  E ns (1998) an d  G ranadeiro  et 
al. (2004). T h is  required  the derivation o f  quantitative relationships betw een 
env ironm en ta l variables (the p red ic to r variables) and  the  usage o f  the  study plots by 
the b irds (the d ep en d en t variable), w hich we m easured as the  n u m b er o f  foraging 
ho u rs  sum m ed  o v er a tide. T his variable does n o t distinguish betw een  a small 
n u m b er o f  b irds feeding a long  tim e in an  area and  a large n u m b er o f  b irds feeding a 
sh o rt tim e in an area. O u r argum ent for this choice is d ia t we take a population 
perspective. T h e  average feeding tim e o f  the b irds du ring  a tide, m ultiplied by the 
n u m b er o f  b irds, yields the  to ta l n u m b er o f  foraging hours tha t m ust be spent by the 
popu lation  to  keep all individuals in the  popu lation  healthy. T h e  im p o rtan ce  o f  a site 
to  feed the popu lation  can there fo re  be gauged by  the n u m b er o f  foraging hours 
sp en t in the site.

1.2.2 Statistical m odel

There are d iffe ren t ways to  link b ird  usage to  env ironm en ta l variables via correlation. 
Y ates et a i (1993), Y ates et al. (1996) and  Scheiffarth  et al. (1996) all used standard  
m ultiple regression  techniques. T h ey  perfo rm ed  logarithm ic transfo rm ations o f  bird 
densities to  satisfy,' the  dem and  th a t the  d ep en d en t variable has a norm al distribution, 
and  included quadratic  term s o f  the  p red ic to r variables to  allow for non-linear 
relationships. H ow ever, non-linear m odels can also be  ob ta ined  using G LM  
(generalized linear m odelling) and  the  advantage o f  this approach  is that it is n o t 
necessary to  assum e tha t the d ep en d en t variable has a norm al distribution 
(M cCullagh &  N e id e r 1989). M any d iffe ren t d istribu tions can be assum ed for the 
d ep en d en t variable, including the  P o isso n  d istribudon , w h ich  is the  natural choice for 
bird counts. T herefo re , B rinkm an &  E ns (1998) used G L M  to  relate b ird  densities to 
env ironm enta l variables.

A  w ide variety o f  re ladonsh ips can be m odelled  via G L M , b u t any m odel m ust first 
be  specified m athem atically, befo re  it is possible to  test if  it fits the  data b etter than 
alternative m odels. A ccord ing  to  G ranadeiro  et al. (2004) this is a m ajor draw back 
and  they advocate the  use o f  G eneralised  A dditive M odelling o r  G A M  (Hastie &  
T ibsh iran i 1990). G A M s are data-driven regressions tha t yield sm o o th  functions 
betw een  the  d ep en d en t variable and  the p red ic to r variable th a t can take o n  virtually 
any form . A  d em and  o n  the  m odels tha t we p ro d u ced  was tha t they could be 
em ployed  in the p rog ram  H A B IM A P o f  the RW S R IK Z  to  draw  the predicted 
d istribu tions o f  b irds u n d e r d iffe ren t scenarios. S ince H A B IM A P ' requires explicit

1 A detailed description o f  I ÍABIM AP can be found on  the following internet site:
h .n p ;/ /à s  c!fri c o m /lib i^ V u sv tç o itf /p ro ç 9 8 /l>kL>.Civ.F:;D /  r(-).85.0yj.>Al)82Q/ P 820.1.1| ,\ l. A recent version o f  the 
software includes an option to  use m ultiple regression models.
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m athem atical relationships betw een the d ep en d en t variable and the  p red ic to r 
variables, we could  n o t em ploy G A M  (G eneralized A dditive M odelling). 
F u rth erm o re , as w e will argue in the  discussion, contrary  to  G ranadeiro  et al. w e see 
no m ajo r advantages o f  G A M  over G L M  (G eneralized L inear M odelling). T h u s, we 
em ployed G L M s in  this study to  m odel the relationship  betw een bird usage 
(m easured as foraging hours) and h ab ita t variables.

T h e  variables th a t w e included in the  m odel w ere all local. T h a t m eans that in 
principal all these variables can be m easured in the site w here the b irds are feeding 
even though in practice m ost o f  the values w ere derived from  G IS -based  m aps. 
T h u s, we d id  n o t include distance to  high tide roosting  sites for instance, as this 
w ould  involve an  evaluation o f  ro o stin g  sites in the su rrounding  area. W e did n o t 
d ifferen tiate  betw een variables w ith  regard to  the time scale over w hich they may 
var)-. Sedim ent com p o sitio n  fo r instance, m ay van,' considerably on  a sh o rt tim e 
scale. C u rren t velocity will vary o v e r even  sh o rte r time scales, i.e. w ith in  a tide. 
H ow ever, the  cu rren t velocity tha t w e used was the m axim um  for an  average tide, 
derived from  m odel calculations. A detailed descrip tion  o f  the abiotic variables that 
w ere part o f  this study, including the reasons for inclusion o r exclusion from  the 
m odels, is p rovided  in chap ter 2.3.

1.3 B ird  sp ec ies  s tu d ied

T h e  designation  o f  the  W esterschelde as a Special P ro tection  Area u nder the E U  
B irds D irective is prim arily based o n  the  large num bers o f  m igratory w aterbirds that 
d epend  o n  the  area in w in ter and  during  m igration in spring and au tum n. T he 
im portance o f  the  area fo r a particular species can be gauged from  the percentage o f  
the  flyway popu lation  o f  tha t species th a t uses the area during  its m igrations. T he 
usual criterion is 1% o f  the flyway popu lation . E stim ates o f  the flyway population o f  
the various species o f  w aterbirds are provided by W etlands In ternational (2002). 
A ccord ing  to  B errevoets et a!. (2005) the  norm  is exceeded in the W esterschelde for 
12 species o f  w aterbirds. Som e o f  the species, like Greylag G o o se  and  Pintail, 
prim arily o ccu r in the eastern  brackish part o f  the W esterschelde. T his study deals 
with the  species tha t depend  on the  intertidal flats o f  the  polyhaline central and 
w estern p art o f  the  W esterschelde. T hese species are listed in Table 1-1.
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Table 1-1. U s/ o f species studied. For those species that exceed the /% level (i.e. the number of birds that 
comprises 1% of/be fly way population) in the Westerschelde, it is indicated bow many times and in which seasons

Species seaso n N o rm a u tu m n w in te r sp rin g su m m er m ax im u m
S h e ld u ck 300 0 4 .0 1.3 4.5 4.5
O y s te rc a tc h e r 10200 1.4 1.4

A v o c e t 730 1.1 1.0 1.1
R inged  P lo v e r

G re y  P lo v e r 250 0 1.2 1.2
K n o t

S a n d e rlin g 1200 1.9 3.1 3.1
D u n lin w in te r 13300 2.1 3.0 2.6
B ar-ta iled  G o d w it

C u rlew 420 0 1.4 1.0 1.4
R ed sh an k

1.4 Prey  cho ice  o f  the  b ird  species s tu d ied

E v en  though  the prim ary aim  o f  the study was to link bird densities to  abiotic habitat 
variables, it is useful to  keep the prey choice o f  the  birds in m ind. Recendv, Leopold 
et a!. (2004) sum m arized  the literature o f  the  prey choice o f  the  birds th a t feed o n  the 
tidal flats d u rin g  low  tide (Figure 1-4, T ab le  1-2). M o st o f  the b ird  species feeding on 
the  ddal flats o f  the  W esterschelde d ep en d  m ainly o n  w orm s. O n ly  O ystercatcher 
and  K n o t depend  mainly o n  bivalves and  Curlew  and  R edshank have a  m ixed diet. 
M ore details o n  prey choice are given in the  species accounts, including the prey 
observations co n d u c ted  as part o f  this study. C om pared  to the  o th e r  species, o u r 
accounts o f  p rey  choice are quite detailed for O ystercatcher and Curlew , as these are 
the tw o species o n  w hich  w e collected the  largest n u m b er o f  prey observations in the 
W esterschelde.

I t  is clear th a t d iffe ren t b ird  species have d iffe ren t diets and  since the  various benthic 
anim als d iffer in their d istribu tion  o v er the estuary (van D am m e et a!. 1999; Y sebaert 
2000; Y sebaert &  H erm an  2002), it seem s ra ther likely tha t the b irds will also differ 
in their d istribu tion  o v er the estuary.

W e m ade som e observations o n  the  type o f  prey th a t d iffe ren t b ird  species took , b u t 
w e d id  n o t a ttem p t to  m easure the intake rate o f  food and  relate this in take rate to  
the  density  o f  p rey  and  d ie  density o f  com petito rs , i.e. we did n o t a ttem p t to  m easure 
the  generalized functional response  as defined by V an d e r M eer &  E n s  (1997).
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B iv a lv e »

W arm » O th er

Figure Id . The diet of birds that feed on the intertidal flats during low tide. For each species the diet is represented 
by a dot in the triangle, where the distance to each of the comers represents the relative importance o f bivalves (top), 
worms (lower left) and other prey (lower right) in the diet. The doser the data point is to the comer, the greater the 
relative importance ofthat type o f prey in the diet. From Leopold et al. (2004)

Table 1-2. Summary of the prey choice in coastal areas of the bird species studied in this report as determined try 
Leopold et a l (2004) on the basis o f a survey of the literature. The percentage values refer to an expertjudgement,

Bird species Scientific name Main prey %-
bivalves

%-
Worms

%-other
foods

O y s te rc a tc h e r Haematopus ostralegus Bivalves 80 10 10
K n o t Calidris canutus B ivalves 75 1 24

B ar-ta iled  G o d w it Limosa lapponica W o rm s 3 94 3
A v o c e t Recurvirostra avosetta W o rm s 5 90 5
G re y  P lo v e r Pluvialis squatarola W o rm s 6 87 7
R inged  P lo v e r Charadrius hiaticula W o rm s 0 78 22
D u n lin Calidris alpina W o rm s 14 70 16
S an d erlin g Calidris alba W o rm s 1 60 39

C u rlew Numenius arquata M ixed 46 35 19
R ed sh an k Tringa totanus M ixed 7 46 47

S h e ld u ck Tadorna tadorna O th e rw ise 35 5 60
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1.5 U sing a com m unity  approach

Instead o f  studying  for each b ird  species how  it d istributes its foraging effo rt w ith 
respect to  the  d iffe ren t habitats, it is also possible to  investigate how  the com m unity 
o f  b irds differs in d iffe ren t habitats. W e used Principal C o m p o n en t Analysis (PCA) 
and non-m etric  M ulti-D im ensional Scaling to  explore w hich  com bination  o f  habitat 
variables yielded the  best pred ic tion . Because o f  the exploratory  n a tu re  o f  this 
analysis we refer to  B rinkm an e t al. (2005) fo r details an d  p rovide only a sho rt 
sum m ary o f  the m ain results in  A ppend ix  1.
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2 F ield  m eth o d s and  sta tis tica l analysis

2.1 C hoice  an d  location  o f  s tudy  sites

T h e  ra tionale o f  the  p ro jec t w as th a t d ifferen t b ird  species p refer d ifferen t foraging 
habitats. T h u s, it was a ttem pted  to  situate the study sites in such a way tha t each site 
covered a m axim um  diversity o f  habitats and  that the com bination  o f  sites 
sufficiently covered  all m ajor habitats. F o r this selection p rocedure  w e had  to  relv  on 
d ie  M O V E 1996  m ap , w hich  distinguishes d ifferen t hab itats (or eco topes as they are 
called in  the  legend o f  the  m ap) o n  the  basis o f  a suite o f  environm ental 
characteristics (W ithagen 2003). G iven  the dynam ic natu re  o f  the W esterschelde, the 
m ap  was ra ther old, w hich  m ean t th a t the  actual location o f  habitats cou ld  have 
changed considerably. W e there fo re  also relied o n  visual inspection o f  the  study site 
an d  th e  p ro p o sed  study p lo ts , to  decide o n  the  actual location  o f  the study plots. 
Visual in spection  was also necessary to  decide i f  die selected study plo ts could  be 
clearly seen  from  the  central po in t. I t  tu rned  o u t th a t ridges blocked the  view o f 
som e plo ts o n  the P laat van  B aarland and  high vegetation b locked the  view o f  som e 
p lo ts  o n  Paulinaschor. In  b o d i cases the location o f  the  p lo ts w as changed. T he 
p ro jec t b udget allow ed fo r fou r study sites, w h o se  general location is show n in Figure 
2- 1.

-  1= R ug  van  B aarlan d  
2= P la a t van  B aarlan d  

/  3= S likken  van  P au lin asc h o r 
I 4=  H o o g e  P la ten

Vlissingei Zuid-Beveland

Breskens

E m ers ion  tim e  %

!
'  1 0-10 

10-20  
20-30 
30-40 
40-50 
50-60 
60-70 
70-80 
80-90 

I— ! 90-100

T  erneuzen
Zeeuws-Vlaanderen

Figure 2-1. General location of the four study sites in the Westerschelde
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In Figure 2-2 the location  o f  the  study p lo ts w ithin each site is also visualized. Based 
o n  personal experience w ith  this type o f  study in o th e r areas, w e aim ed for study 
plo ts m easuring 50 x 50 m. T his is a com prom ise  betw een  increasing the  size o f  the 
plots, so tha t they con ta in  m ore b irds, an d  decreasing the size o f  the p lo ts, so that 
they are m o re  hom ogeneous w ith regard  to  the habitat variables u n d er study. A fter 
an updated  habitat m ap  becam e available, it becam e clear th a t som e im p o rtan t 
habitats w ere underrep resen ted  in  the original study plots. W e therefo re  added  four 
study plo ts at the  “ R ug van B aarland”  site (see ch ap te r 2.1.1) and  an o th er four study 
plo ts a t  the  “ H ooge P laten”  study site (see chap ter 2.1.4) in M arch 2004.

H e i g h t  i n  c m  

r e l a t i v e  t o  N A P |

4 .1 « !  - - 2 »
UB Mlw  -  -ÄWJ

• t e e -  - is o

■ -1 4 0 --1 2 5
u - 1 2 4 - 1 0 0

-0 0 -  -73

z : - 7 4 -  -40

- 4 0 -  -a s

• J O -  0
1 -  23

2 0 -  30

■ 3 1 -  7»
7 3 - 1 0 0

■ 1 0 1 -1 2 0

■ 1 2 0 -1 3 0
■ 131 .2 0 0

■ 201 -4 0 0

i 4 0 1 -0 2 2

Figure 2-2. Location of the four study sites, including the actual location of the study plots in each site, in the 
Westerschelde.

1= R u g  v a n  B a a rla n d  
2= P la a t  v a n  B a a rla n d  
3= S lik k en  v a n  P a u lin a sc h o r  
4=  H o o g e  P la te n
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2.1.1 R ug  van B aarland

The study p lo ts  situated  o n  th e  R ug van B aarland have em ersion times ranging from  
25%  to  60%  (Figure 2-3). C om pared  to  the  o th e r  sites, cu rren t velocities are high and  
it is there fo re  n o t  surprising tha t the silt c o n ten t o f  m any plo ts is low. This is 
especially the  case fo r the  H -p lo ts , w hich  con tain  hardly any m ud a t all. T h e  dynam ic 
natu re  o f  these sites is also exem plified by m egaripples, w hich occur there  and  are 
generally considered  to  be  characteristic o f  highly dynam ic areas. T he plo ts K 6, K7, 
K 8  and  K 9  w ere added  in  M arch 2004, to  increase the n u m b er o f  sites w ith sh o rt 
em ersion tim es. T h ese  sites tu rn ed  o u t to  be  m udd ier and  b ird  densities w ere rather 
h igh. P h o to g rap h s o f  the  study  site are show n  in  F igure 2-4.

R u g  v a n  B a a r la n d  E m e rs io n  tim e  2 0 0 1  M ax im al c u rre n t  v e lo c ity  1 9 9 6 , fo r  a n  a v e r a g e  tid e

b ¡gure 2-3. Location o f the study plots at the study site Rug van Baar/and with respect to (a) emersion time, and 
(b) maximum current velocity during an average tide.
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Fig. 24c Fig. 2.4d

Figure 2 - f .  Pictum of tbe study site Rug van Saarland, taken bj Fred Tw ist (a) Study plots designated H I to H5 
shortly after being exposed in September 2003. (b) Study plot H I baring been exposed for severa! hours on September 
2003. (c) Close-up o f the bottom ofplot j  ! shortly after being exposed in September 2003. (d) Shellfish remains collected 
in J  -plots in September2003.
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2.1.2 Plaat van Baarland

W ith respect to  silt and cu rren t velocity, the  study p lo ts o n  the Plaat van Baarland are 
in term ediate  b etw een  the  H o o g e  P laten an d  Paulinaschor (Figure 2-5). Som e o f  the 
p lo ts are ra d ie r m uddy, b u t o th e r p lo ts  are sandier. M any litde creeks ru n  th rough  the 
area. See also the  p h o to g rap h s  in  F igure 2-6.

B a a r la n d p la a t E m e rs io n  tim e  2 0 0 1 M a x im a l c u r r e n t  v e lo c ity  1 9 9 6 , (o r  a n  a v e r a g e  tide

Figure 2-5. Location of the study plots at the study site Plaat van Paarland with respect to (a) emersion time, and 
(b) maximum current velocity during an average tide.
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Fig. 2.6c Fig. 2.6d

Figure 2-6. Pictures o f the study site Plaat nan Baarland taken by Fred Ttvisk. (a) Study plot F1 in September 
2003. (b) Study plot FI in November 2004. (c) Study plot G / in September 2003. (d) Study plot E  in 
November 2004.
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2.1.3 Paulinaschor

T h e  study p lo ts  o n  Paulinaschor include the  sites w ith  the  longest exposure tim e, 
ranging from  60%  to  70%  (Figure 2-7). T h ese  p lo ts are also ver)- m uddy and  the 
h igher p lo ts  b o rd e r the  saltm arsh (Figure 2-8).

P a u lin a sc h o r  E m ers io n  l im e  (% ) 2 0 0 1  M axim al c u rre n t v e lo c ity  av e ra g e d  tide  1996

Figure 2-7. Location o f the study plots at the study site Paulinaschor with respect to (a) emersion time, and (b) 
maximum current velocity during an average tide.
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Figure 2-8. Pictures o f the study site Paulinaschor taken by Fred Twisk. fa) M-plots in November 2004. (b) M-plots 
November2004. (cj L-p/ots in November2004. (d) N-plots in November 2004.
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2.1.4 H ooge Platen

C om p ared  to  th e  Rug van  Baarland, the  study p lo ts  o n  the  H ooge P laten  (Figure 2-9) 
cover die sam e range o f  d ep th , em ersion  tim es, m edian  grain size and  silt con ten t, 
b u t cu rren t velocities tend  to  be  lower. T o  increase the  n u m b er o f  p lo ts w ith sho rt 
em ersion  tim e, the  p lo ts D 6 , D 7 , D 8  and  D 9  w ere added  in early 2004. T hese plots 
tu rned  o u t to  be  v e n ' sandy an d  very few b irds occu rred  there. F igure 2-10 show s 
som e p ictu res o f  th e  study  p lo ts  o n  the  H o o g e Platen.

M ax im al c u rre n t  v e lo c ity  a v e ra g e d  t id e  1996H o o g e  P la a t  E m e rs io n  tim e  (% ) 2 X 1

Figure 2-9. Location of the study plots at the study site Hooge Platen with respect to (a) emersion time, and (b) 
maximum current veloàty during an average tide.

A lterra-rapport 1193 35



Fig. 2. /  Oc Fig. 2. /  0 d

Figure 2-10. Pictures o f the study site Hooge Platen taken by Fred Twisk. (a) Plot A 4 in November 2004. (b) Plots Bl. B2
and B3 in September 2003. Traces left by mechanised cockle boats are visible, but this was the only occasion where suction
dredging may have affected some study plots, fc) Plot C5 in November 2004. (d) Plot D6 in November 2004.
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2.2 Bird counts

A t the  H o o g e P la ten  and  the  R ug van  Baarland, b ird  coun ts w ere conducted  from  a 
b o a t w hich  m o o red  in the  cen tre  o f  the  study site a t the  ebbing  ride. T his b o a t had  a 
specially designed  hide (3 m ) th a t cou ld  be erected  once the fla t-bo ttom ed  b o a t was 
n o  longer rocked  by the  w aves (Figure 2-11). T h e  p lo ts a t the P laat van Baarland 
w ere coun ted  from  a fixed hide (6 m ) (Figure 2-12). T h e  p lo ts  o f  Paulinaschor were 
coun ted  from  a car o n  the  dike. C o un ts started  w hen the  first p lo t in a site exposed 
and ended  w hen  the  last p lo t was covered  again by the  tide. In  this way n o  b irds w ere 
d isturbed. T h e  boat, w hich  w as only p re sen t o n  co u n tin g  days, m ay have caused 
som e d isturbance, b u t w e consider this unlikely.

T h e  corners o f  the  p lo ts  (m easuring 50 by 50 m) w ere m arked  w ith plastic poles and 
with som e experience it was possib le  to  allocate all feeding b irds to  a particular plot. 
T he p lo ts  w ere coun ted  each h a lf hour. T h e  exact dates o f  the  coun ts are listed in 
Table 2-1. T h e  sites w ere coun ted  on seven days, excep t for the  R ug van  Baarland, 
w here un favourab le  w eather con d itio n s p reven ted  coun ts in  bo th  |anuary  and 
Februan- 2004. T h e  new  p lo ts  D 6  thru  D 9  and  K 6  th ru  K 9 w ere coun ted  from  
M arch 2004 onw ards.

Figure 2-11. Photograph of the hide on top o f the flat-bottomed boat that was used to count the study plots on tlx 
Hooge Plateii and the Rug van Baarland. Picture taken by Marcei Kersten.
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Figure 2-12. Photograph of the hide on the Plaat van Paarland. Picture taken by Bruno Ens. 

Table 2-1. Dates on which the various sites were counted.

Y ear M o n th
H o o g e
P la te n

P au lin a ­
sc h o r

P la a t v a n  
B aarland

R u g  van  
B aarland

2003 S e p tem b e r 3 3 2 2

N o v e m b e r 14 13 12 13

2004 January 27 26

F eb ru a ry 12

M arch 25 24 25 24

A pril 23 23 22 22

M av 19 11 10 10

S e p tem b e r 3 3 2 2

2.3 Abiotic data

F o r each o f  the  study plo ts, data o n  abiotic variables w ere e ither ob ta ined  from  G IS  
m aps, o r  from  direct m easurem ents in  the plots. Table 2-2 sum m arizes the nam es 
w ith  w hich the abiotic variables are designated th ro u g h o u t this repo rt, the un its in 
w hich  they w ere m easured, the source and  a sh o rt description. A s described in 
section  3.1, m any o f  these variables are highly correlated. In  section 3.1 w e also 
discuss o u r argum ents fo r including o r excluding particular abiotic variables in  o u r 
statistical m odelling. Below, we will p rovide m ore detailed in fo rm ation  on each o f  
d ie  abiotic variables.
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Table 2-2. Description of abiotic variables that wen used in this study. The data wen either derived from dinct 
measunments in the individual study plots (measund) or from geographically Unking information in GIS maps to 
the plots (map)._________ _______________________________________________________________
N am e D ata

type
U nit D escrip tion

H m in m ap c m M in im al d e p th  (heigh t) relative to  N A P . V a lues ta k e n  fro m  2 0 x 2 0  m  
g rid d e d  m a p  b a se d  o n  m ea su re m e n ts  in  2002

H m ax m ap cm M axim al d e p th  (he igh t) relative to  N A P . V a lues tak en  fro m  2 0 x 2 0  m  
g rid d e d  m a p  b a se d  o n  m ea su re m e n ts  in  2002

H m e an m ap cm M ean  d e p th  (heigh t) re la tive  to  N A P . V a lu es tak en  f ro m  2 0 x 2 0  m  
g rid d e d  m a p  b ased  o n  m ea su re m e n ts  in  2002

E m in m a p %  tim e M in im u m  e m e rs io n  tim e. V alues ta k e n  fro m  20x20  m  g rid d ed  m a p  
b a se d  o n  m e a su re m e n ts  in  2001

E m ax m a p %  tim e M ax im u m  e m e rs io n  tim e. V alues tak en  fro m  20x20  m  g rid  g rid d ed  m ap  
b a se d  o n  m e a su re m e n ts  in  2001

E m e an m a p %  tim e M ean  e m e rs io n  tim e. V alues tak en  fro m  2 0 x 2 0  m  g rid d e d  m a p  b ased  
o n  m e a su re m e n ts  in  2001

E class m a p %  tim e E m e rs io n  tim e  c lass o f  th e  c en tre  o f  th e  p lo t. A  va lue  o f  35 
c o rre sp o n d s  to  a n  e m e rs io n  tim e  o f  25 -3 5 % , 45 =  3 5 -4 5 %  etc.

Salt m a p P su Salt c o n te n t  o f  th e  w a te r  a t  th e  c e n tre  o f  th e  p lo t. V alues d e riv e d  fro m  
m a p  b y  R W S R IK Z  o n  a n n u a l m ea n s  a ro u n d  high  w a te r  in  1992.

D v n m a p ( ') W h e th e r  o r  n o t  th e  p lo t sh o u ld  b e  c lassified  as h ighly d y n am ic  (value 1) 
o r  n o t  (value 0) a c c o rd in g  to  M O \T 2 0 0 1  h ab ita t c lassifica tion

MO m ea su re d jim M e a n  m ed ia n  g ra in  size. S am ples w e re  lu m p e d  p e r  s tu d y  p lo t a n d  
w ith o u t  p re -tre a tm e n t analyzed  w ith  th e  M a lv ern  P artic le  s iz e r  2000.

S63 m easu red %  w e ig h t P e rc en tag e  o f  th e  sed im en t w ith  a g ra in  size < 6 3 p m . S am ples w ere  
lu m p e d  p e r  s tu d y  p lo t a n d  w ith o u t p re -tre a tm e n t an a ly zed  w ith  th e  
M a lv ern  P a n ic le  sizer 2000.

San d m easu red p m M e a n  m o d e  o f  th e  g ra in  size  o f  th e  san d  fraction .

Sfloat m ap %  w e ig h t M ean  silt c o n te n t  (% < 6 3  p) a c c o rd in g  to  th e  se d im e n t m a p  o f  th e  
W este rsch e ld e  b y  S te lz e r  (2003), b a se d  o n  a  c o m b in a tio n  o f  satellite 
p ic tu re s  a n d  d a ta  o n  3 0 0  sed im en t sam ples

V m e an m ap c m / s M ean  c u r re n t  ve loc ity  d u rin g  a n  average  tide. V alues tak en  fro m  20x20  
m  g rid d ed  m a p  b a se d  o n  calcu la tio n s fo r  tides in  1996

V sp rin g m a p c m /s M e a n  c u r re n t  ve loc ity  d u rin g  sp rin g  tide. V alues tak en  fro m  20x20  m  
g rid d e d  m a p  b a se d  o n  ca lcu la tions fo r  tid es in  1996

2.3.1 Sedim ent com position

W hen the  63 study plo ts w ere staked o u t in  A ugust 2003, four sed im ent sam ples to  a 
d ep th  o f  5 cm  w ere taken  in each plot. The eight additional p lo ts w ere sam pled 
similarly w hen  they w ere staked  o u t in  M arch 2004. F o r each p lo t the  four sam ples 
w ere m ixed an d  analyzed by RW S R IK Z  according to  the M cLaren m eth o d  w ith the 
M alvern particle sizer o f  the  RW S R IK Z  in M iddelburg. T he sam ples w ere n o t p re­
treated  (i.e. neither organic m aterial n o r calcareous m aterial was rem oved). T his will 
affect the  resulting  size d istribu tion  tha t is m easured (Zw arts et al. 2004). T o  
characterize th is size d istribu tion  in a single variable, we used the m edian grain size 
(m easured in pm ) and  the  silt co n ten t (m easured as %  w eight com prised by particles 
w ith a d iam eter less than 63 pm ).

W e also used silt co n ten t (m easured as %  w eight com prised  by particles w ith a 
d iam eter less than  63 pm ) derived from  a m ap produced  by Stelzer (2003); see Figure 
2-13. T his silt c o n ten t was determ ined  from  a com bination o f  satellite p ictures and
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300 sed im ent sam ples. T h ese  sam ples w ere taken an d  analyzed in the  same w ay as 
the sam ples from  o u r study plots. T h e  signal o n  the  satellite p ic tu re  on ly  applies to 
the to p  m illim etre o r  so  o f  the  sed im ent, so  it is conceivable th a t there  is only a w eak 
correlation  betw een this signal and  the m easured  silt c o n ten t o f  the to p  5 cm  o f  the 
sedim ent, the m ap probably  depicts the  co m position  o f  this thin to p  layer. T he 
com position  o f  the  th in  to p  layer is also quite variable o n  a sh o rt tim e scale.

Figure 2-13. SHi content (measured as % weight comprised by particles with a diameter less than 63 pm) of the 
top layer of the sediment according to Steller (2003).

2.3.2 H eigh t (dep th) and  em ersion  tim e

B oth  heigh t and  em ersion  tim e w ere derived from  G IS  m aps. H eight is regularly 
m easured  from  ships by RWS. Via in te rpo la tion  these m easurem ents are transform ed 
in to  a G IS  m ap  covering the  en tire  area (Figure 2-14). F ro m  the m ap based o n  the 
m easurem ents in  2002 we derived several variables fo r each o f  the coun ting  plots: 
m inim al height (m axim al depth), m axim al height (m inim al dep th ) an d  m ean  height 
(m ean depth). E m ersion  tim e is derived from  the height m ap  assum ing  an  average 
tide (Figure 2-15). F o r  each p lo t w e determ ined  the m axim al em ersion  tim e (i.e. the 
em ersion tim e o f  the  p a r t o f  the p lo t exposed  longest), the m inim al em ersion time 
an d  the  average em ersion  time.
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Figure 2-14. Height in cm relative to N AP. Source: RIP'S RIKZ.

Figure 2-1 S. Emersion time (in % time). Source: R!VS RIKZ.
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2.3.3 Current velocity

T lie  cu rren t velocity was calculated w ith the hydrological m odel SCA LD IS100 
(Lievense 1994). T he dcpdi-averaged  m axim al cu rren t velocity w as calculated for an 
average tide in 1996 and  a  spring tide in 1996 by RW S R IK Z  an d  the results w ere 
supplied  as a G IS -m ap  (Figure 2-16). W e derived a value for each study p lo t by- 
averaging the  value o f  all grid cells (m easuring 20 x 20 m ) w ith in  the study plot.

Figure 2-16. Maxima! current velocity (cm/s) on an average tide in 1996 as calculated with the SC ALD ISI00  
mode/  (Lievense 1994). Source: RW S RIKZ.

2.3.4 Salinity

Salinity is defined  as th e  co ncen tra tion  salt in  seaw ater (g /k g  in  %o). M easurem ent 
has changed in the cou rse  o f  tim e and  is now adays based  o n  the  electrical 
conductiv ity  o f  a sam ple. W ithin limits, the  un it p su  (practical salinity unit) is 
in terchangeable w ith  the o lder %o indication. Salinity was derived from  a 
com bination  o f  m easurem ents in the  W esterschelde an d  ex trapolations w ith the 
m odel SC A L D IS400 (van der M eulen &  Silean 1997). W e used annual m eans fo r the 
year 1992, being a year w ith  an average river discharge.

Figure 2-17. Average salinity (in psu) in /992 according to measurements and extrapolations with the 
SCALD IS400 mode! (van der Meulen &  Silean 1997). Source: RIFS RIKZ.
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2.4 D ata  on benthos

2.4.1 P red icted  m axim al densities

Y sebaert &  H erm an (2002) studied  the  relationship betw een the occurrence o f  
ben th ic  anim als and  abiotic variables in the W esterschelde and derived predictive 
m odels. RW S R IK Z  applied these m odels to  the available abiotic in fo rm ation  and 
supplied  us for each o f  the  study plo ts w ith predicted  m axim al densities o f  the 
follow ing ben th ic  anim als: Aphelochaeta marioni, Heteromastus filiformis, Hydrobia ulvae, 
Nereis diversicolor, Pygospio elegans, Macoma balthica, Cerastoderma edule, Bathypoma pilosa 
and Corophium volutator. T h ese  predicted  densities are the  maximal densities, because 
they refer to  au tum n, w hen  ben th o s densities are maximal.

2.4.2 M easured biom ass densities

B etw een 29 O c to b e r and  15 N o v em b er 2003 sam ples o f  the ben thos were collected 
in the  63 field p lo ts established a t tha t tim e by em ployees o f  AquaSense, A m sterdam . 
T h e  data w ere m ade available by RWS R IK Z . W ithin each p lo t ten small sam ples 
(core d iam eter 4.5 cm , sam ple dep th  20 cm) and five larger sam ples (core d iam eter 
15 cm , sam ple d ep th  30 cm) w ere taken a t random . Small sam ples were sieved o n  a 1 
m m  sieve and  m erged p e r plot. Larger sam ples w ere sieved o n  a 3 m m  sieve and  also 
m erged p e r  plot.

In  the analysis bivalves (Macoma balthica, Cerastoderma edule, Scrobicularia plana and  M ya 
arenaria) and  the M udsnail (Hydrobia ulvae) were distinguished a t the species level. 
Bivalves o f  d ifferen t size classes (small, m edium , large) were analysed separately. For 
the d iffe ren t species b o rders betw een the size classes w ere as follows: Macoma 1 and
1.5 cm . Cerastoderma 1 and  2 cm , Scrobicularia 1 and 3 cm , M ya 2 cm  (due to  small 
num bers only tw o classes: small and  large).

Polychaetes w ere split in to  five groups: a  g roup  consisting o f  Eteone longa and 
Phyllodoce maculata (‘long  and thin w orm s’). Nereis species (Ragw orm s, small and large 
individuals distinguished (width below  o r above 3 m m )), Arenicola marina (Lugw orm , 
small and  large individuals distinguished (w idth below  o r above 4  m m )), Lanice 
conchilega (Sand m ason) and a g roup  m ainly consisting o f  Aphaelochaeta marioni, 
Heteromastus filiform is. Pygospio elegans, Capitellidae and  the d om inan t species in 
num bers Tubificoides benedii (‘o th e r w orm s’). C rustaceans were split in to  Corophium 
species, G am m aridae, Crangon crangon, Carcinus maenas and  Cyathura carinata.

D epend ing  o n  the size o f  the organism s, density and biom ass were calculated from  
the  small sam ples only, the larger sam ples only o r  from  bo th  the sam ple types. T he 
fact tha t m ore reliable estim ates com e from  larger sam pled areas was taken into 
account, as was the fact tha t too  m uch effo rt can be p u t into analysing all individuals 
o f  sm aller sized and num erous species.
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2.5 Statistical analysis

2.5.1 N om encla tu re

W e applied m ultivariate regression analysis, m ostly  w ith non -linear m odels. T able 2-3 
sum m arizes the  m any m odels tha t w e investigated as p art o f  this study. T h e  table 
includes a nom enclature to  w hich  w e will adhere th ro u g h o u t this repo rt. Below, we 
will describe these m odels in m ore detail.

Tub/e 2-3. Summary o f the various sialis Heal models that were i uves ligated as part of ibis study, including the code 
by which they are referred lo in this report and in Brinkman et al (2005).______ _______________________

V ariab le D esc rip tio n  o f  th e  m o d els C o d e R em ark

A b io tic M o n th Site B e n th o s

All N O N O N O M o nth ly  m o d el M O V All sp ec ie s , 7 m o n th s

3 Y E S N O N O A n n u a l m o d e l (3-var) Y 3V M All sp ec ie s , a n n u a l m odel

2 Y E S Y E S N O A n n u a l m o d e l (2-var) Y 2V M P All sp ec ie s , a n n u a l m odel

0 N O N O Y E S B enthos BY /VII sp ec ie s , a n n u a l m odel

0 Y E S N O Y E S B e n th o s + m o n th BYM All sp ec ie s , a n n u a l m odel

3 Y E S N O Y E S 3 -v a ria b le s+ b e n th o s B Y 3V M All sp ec ie s , a n n u a l m odel

2 Y E S N O Y ES 2 -v a ria b le s+ b e n th o s B Y 2V M O n ly  O y s te rc a tc h e r , B ar-tailed 
G o d w it  a n d  R e d sh an k ; a n n u a l m o d el

2 Y E S N O N O G ro u p e d  d a ta  (sum ), 2- 
v ariab les

G S Y 2 V M All sp ec ie s , g ro u p in g  o f  d a ta ,
Sum  fo rag in g  h o u rs ;  an n u al m o d el

2 Y E S N O N O G ro u p e d  d a ta  (m ean ), 2- 
v ariab les

G M Y 2 V M All sp ec ies, g ro u p in g  o f  d a ta , m ean  
fo rag in g  h o u rs ; a n n u a l m odel

2.5.2 G eneralized L inear M odelling

In  a n u m b er o f  standard  cases, G eneralized  Linear M odelling techniques (G LM ) can 
be used to  find the appropria te  param eters in  non-linear m odels (M cCullagh & 
N e id e r 1989; D o b so n  2002).

T h e  d ep en d en t variable is the  observed  num ber o f  foraging h o u rs  sum m ed over a 
tide in a p lo t (H). In  G L M , the  e rro r variance need n o t be  norm ally d istribu ted  and 
fo r a variable like foraging h ours, it seem s natural to  assum e a P o isson  distribution. 
T h e  aim  is to  co n stru c t a  m odel F(X) th a t dep en d s o n  a linear com bination  o f  the 
p red ic to r variables (X ,, X f ,X 2. ...)

F(X) =  a +  bX , +  cX ,2 +  d X , . . .  (1)

In  this equation  (1), a, b , c, d  . . .  are the  fitted constan ts. T h e  function F(X ) is also 
called the  L inear P redictor. W e need  a  link function  to  transfo rm  the linear pred ic to r 
in to  the fitted value, i.e. expected  value E (H ) o f  the d ep en d en t variable. W e have 
chosen  a  logarithm ic link function , so tha t it is possible to  ob ta in  an  o p tim um  curve 
w ith respect to  a  particular p red ic to r variable:

Ln (E(H)) = F(X) (2)
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C om bin ing  equations (1) and  (2) w e obtain:

E (H ) =  exp  (a +  bX , +  cX ,2 +  d X , . . . )  (3)

T h e  ab o v e  m odel always yields curves th a t are “sym m etrical”  o r show  a m axim um  at 
low  o r high values o f  X,. I t  is possib le  to  o b ta in  asym m etrical curves by in troducing 
h igher pow ers o r  p lo t ro o ts  o f  X,, b u t tha t possibility was n o t explored. T he shapes 
o f  the  curves d ep en d  o n  the  values o f  the  param eters. All possible shapes for 
equation  (3) w ith only o n e  p red ic to r variable an d  its’ p lo tted  value are depicted  in 
F igure 2-18. T h e  graphs o n  the  left indicate an  exponential increase fo r low  values o f  
the  abiotic p red ic to r variable, an exponential increase for high values o f  the  abiotic 
p red ic to r variable, o r  a U -shaped  curve w ith  an  exponential increase o f  b ird  usage 
w ith  b o th  low  and  high values o f  the  abiotic p red ic to r variable. T he graphs o n  the 
right indicate a true o p tim um  curve, o r  an o p tim um  curve w hich  is truncated  at 
either low  o r  high values o f  the  abiotic p red ic to r variable. O n  the basis o f  ecological 
considerations we expect to  find an  o p tim um  o r a truncated  o p tim um  curve: we 
expect h ighest num b ers in the  b est habitats, b u t w e d o  n o t expect num bers to  
increase indefinitely a t an  accelerating rate , as h appens in an  exponential increase. A 
m odel w ith  exponentially  increasing num bers also leads to  statistical p roblem s w hen 
the  m o d el is used to  m ake p red ic tions ou tside  the  range o f  m easurem ent o f  the 
abiotic p red ic to r variables. T hus, d ie  p re ferred  shape from  a statistical as well as an 
ecological p o in t o f  view  is an  op tim um , o r a truncated  optim um .

T h e  analysis consisted  o f  finding the se t o f  p red ic to r variables (X ,, X ,2,X 2. ...), and 
the  associated values fo r the  param eters (a, b , c, d  . . . ) ,  th a t best explained the 
variation  in foraging hours (H) w ith  the  least n u m b er o f  param eters. T o  this en d  we 
used a co m b in ed  backw ard-forw ard approach  in  the  statistical package G en sta t 
(Lawes A gricultural T ru s t 2003). In  the  forw ard approach , the  p red ic to r variable that 
b est explains the  varia tion  in foraging ho u rs  is chosen  first. Subsequendy, the  nex t 
best p red ic to r variable is en tered  in the  equation , until new  variables d o  n o t 
significandy im prove d ie  m odel. In  the  backw ard approach, all p red ic to r variables are 
en tered  in to  the  equation  in the  first step  an d  variables are d ro p p ed  from  the m odel 
until n o  m o re  variables can be  d ro p p ed  w ithou t significandy reducing the  
explanatory p o w er o f  the m odel. B o th  procedures have the  disadvantage that 
p rom ising  com binations o f  variables are som etim es overlooked. T h e  com bined  
backw ard-forw ard  approach  ingeniously avoids this draw back and  finds the  best 
m odel.

A s a m easure o f  the  fit o f  the  m odel w e used the  deviance, w hich is based  o n  the 
ratio o f  the likelihood o f  observed  d istribu tion  o f  foraging hours i f  the  m odel were 
true, d iv ided by the  likelihood o f  the observed  d istribution o f  foraging hours i f  the 
fully sa tu ra ted  m odel (w hich contains all p red ic to r variables) w ere true. T h e  deviance 
does n o t depend  o n  the  underlying probability  d istribution  and  equals the  residual 
sum  o f  squares in case o f  a norm al d istribution. T h u s, the  percentage deviance 
explained can be  com pared  to  the percentage variance explained in  a m ultiple 
regression assum ing norm ally d istribu ted  errors. H ow ever, the fit o f  the m odel is n o t 
the only th ing  tha t m atters, because an easy way to  im prove the fit is to  increase the
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nu m b er o f  p red ic to r variables, b u t this will decrease the predictive p o w er o f  the 
m odel. A  com prom ise  is needed betw een  the fit o f  the  m odel and  the num ber o f  
param eters. W e used the  A kaike in fo rm ation  criterion  (AIC) to  find the  optim al 
com prom ise:

A IC  =  D e v / f  +  2p  (4)

In  this equation , D ev  is the  deviance, p  is the  n u m b er o f  param eters in  the  m odel 
and  f  is the  d ispersion  param eter. In  a P o isson  d istribu tion , the  variance equals the 
m ean, b u t in m any actual data sets, the variance is m uch  higher than  the  m ean. T he 
scaling facto r f  indicates how  m u ch  h igher the  variance is than  expected  u nder a 
P o isson  d istribu tion  (which is the probability  d istribu tion  assum ed  to  underlie the 
data).

M ore details o n  the  statistical analysis are p rov ided  by B rinkm an et a!. (2005). Below 
w e will describe the  d iffe ren t m odels tha t w e tested  and  the  nom encla tu re  that we 
em ploy in this rep o rt to  distinguish am o n g  these m odels.

b >0
C < 0

b >0 
C < 0

b >0 
c <0

Figure 2-18. A U  possible shapes o f the junction E(H) = exp (a + bXi + cXr). The value J'orE(H) is plotted 
on the Y-axis as afunction o f the value o f Xu

b <0 
c <0

b >0 
c >0

b <0 
c >0
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2.5.2.1 Monthly models

T h e  firs t m odels th a t w e investigated included the  “maximal”  set o f  abiotic variables. 
T h e  w ord  maximal is in paren theses because we did n o t include all the  abiotic 
variables, since m any w ere highly correlated. T his is discussed in ch ap te r 3.1 w here 
w e also explain how  w e arrived at the  “ m axim al” set o f  variables tha t we used in the 
analysis. W e derived a m odel for each o f  the  seven individual counts. F o r this reason, 
we refer to  these m odels as m o n th ly  m o d e ls . T h e  m odel code nam e is M O V . T he 
fully satu ra ted  m onth ly  m odel fo r a particular m on th  had the following equation:

E (H ) =  exp(a +  b  E m ean  +  c E m ean 2 +  d  V m ean +  e V m ean2 +  f  Salt +  g  Salt2) (5)

2.5.2.2 A n n u a l m o d e ls

T h e  high explained deviances tha t w e found  w hen fitting the m onthly  m odels, could 
be  d u e  to  overparam eterization . Perhaps w e had too  m any param eters and to o  few 
sites to  p ro d u ce  m eaningful m odels fo r a single count. W e therefore assum ed th a t 
the densities o f  the  birds varied in the course o f  the season, b u t tha t this d id  no t 
affect the basic relationship betw een bird usage and the abiotic pred ic to r variables. 
Seasonal variation was inco rpo rated  in the  m odel as follows:

E (H ) =  exp(a +  b  E m ean  +  c E m ean 2 +  d  V m ean + e V m ean2 +  f  Salt +  g  Salt2 +  h 
Sep +  i N o v  +  j Ja n  +  k M ar +  1 Apr) (6)

T h e  m o n th  variables, like Sep, take the  value 1 if  the co u n t was in tha t m on th  (in this 
case Septem ber) and  0  if  the  co u n t was in an o th er m on th , and h, i, j, k and 1 are the 
param eters tha t need to  be  estim ated. C ounts w ere m ade in six d ifferen t m on ths, bu t 
w e included only five m o n th  variables, because these im plicitly define the sixth 
m o n th . W e chose  M ay as the sixth m o n th , so M ay =  1 -  Sep -  N o v  -  Jan  — M ar -  
A pr, and the  b ird  usage in M ay is then  the baseline against w hich the  o th er m onths 
can  be  com pared . A s is clear from  this equation , the m on th  effect consists o f  
m ultiplying the response pred ic ted  by the abiotic pred ic to r variables w ith a factor 
exp(c) w here c is the  param eter fo r tha t particular m onth . T h e  code nam e fo r this 
m odel is Y3V M .

W e studied tw o variants o f  the a n n u a l  m o d e l. T h e  first variant includes salt and  w e 
re fe r to  it as the fu ll a n n u a l  m o d e l. I t  is described in equation (6). T his m odel was 
used fo r the  first validation o f  the  m odel predictions.

O n e  idea behind  this m odel is th a t the  variable Salt may either capture a biological 
m eaningful relationship, o r  it m ay prim arily distinguish betw een sites and  thus 
cap tu re  d ifferences betw een sites th a t m ight be related to  differences in the actual 
food  supply  for instance. T o  investigate the latter possibility, we included location
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variables in che m odel, instead o f  Salt, leading to the  follow ing m odel (an annual 
model with location):

E (H ) =  exp(a +  b E m ean  +  c E m ean 2 +  d  V m ean +  e V m ean2 +  f  blast +  g  W est + 
h E astm id  +  i Sep + j N o v  +  k j a n  +  1 M ar +  m  A pr) (7)

In  this equation , the location  variables E ast, W est and  E astm id  are treated  the  same 
way as the  m o n th  variables, i.e. they take the value 1 i f  the p lo ts are in the  particular 
location  and  the  value 0  if  the  p lo ts are n o t in tha t location. Similarly, we included 
th ree  location  variables in the  m odel, instead o f  four, since W estm id  =  1 — E ast -  
W est -  E astm id . T h e  code nam e for this m odel is Y2VMP.

T o  investigate if  location  and Salt cou ld  be  regarded as in terchangeable, we 
co m p ared  fo r each species the  p red ic tions from  equation  (6) to  the pred ictions from  
equ a tio n  (7).

2.5.2.3 Grouping data

T h e  validations w ith  the  full annual model (Y3VM) w ere ra ther d isappoin ting  and 
revealed a m ajo r p rob lem  w ith  these m odels. F o r  som e abiotic p red ic to r variables, 
the p red ic ted  b ird  hours steeply increased fo r e ither very low  o r  very high values o f  
the p red ic to r variable. T h u s, very  high bird usage was pred ic ted  fo r relatively rare 
habitats w here  w e d id  n o t have m easurem ents.

Ideally, we shou ld  have re tu rned  to  the field and  collect additional in fo rm ation  on 
these relatively rare habitats. Clearly, this was n o t possible. C loser inspection  o f  the 
curves an d  the  da ta  suggested tha t in m any cases a few  ex trem e values (i.e. a  coun t 
w ith a lo t o f  birds) had  a b ig  im pact o n  the curves. W e tested  if  g roup ing  the data 
m ight reduce the  im pact o f  such ex trem e values.

T h e  abiotic p red ic to r variables em ersion  tim e and  cu rren t velocity w ere each divided 
in 10 categories, leading to 100 d iffe ren t habitat classes. T h e  variable salinity was no t 
included, as this w ould have led to  to o  m any categories. N ex t, we added  fo r each 
class the  foraging hours o f  all p lo ts belonging to  th a t class. Clearly, categories with 
m any plo ts will have m ore foraging hours, all else being  equal. In  type I o f  the 
grouped variable model (GSY2VM), we divided the  total n u m b er o f  foraging 
hours by the  m axim um  value. In  type II o f  the  grouped variable model 
(GMY2VM), we divided the total n u m b er o f  foraging hours by the  n u m b er o f  study 
plo ts in the category. In  b o th  cases the  m odel can be represen ted  by the  following 
equation:

E (H ) =  (p Sep +  q  N o v  +  r Ja n  +  s M ar +  t  A pr) exp(a +  b  E m ean  +  c E m ean 2 +  d 
V m ean +  e  V m ean2) (8)

T h is equation  bears a close resem blance to  equation  (6), except tha t the  variable Salt 
is n o t included and  tha t the  m on th ly  variation is inco rporated  in a slightly d ifferen t
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way. F irst, w e estim ated  the  exponential p a rt o f  the equation using G L M , w ithou t 
d istinguishing betw een m on ths. N ex t, we estim ated for each m o n th  the  m on th ly  
param eter using least squares m inim ization, com paring  the values pred ic ted  w ith the 
G L M  w ith the actual coun ts in  tha t m on th . F o r  m ore details, see B rinkm an et al. 
(2005).

2.5.3 M odels w ith ben th ic  data

T h e  im p o rtan t question  tha t w e w anted  to  answ er was w h e th e r ben thos data could 
significantly im prove o u r predictive m odels a fte r abiotic variables had  been  taken 
in to  account. F o r this exercise, we could  use e ither the  densities o f  ben th o s th a t were 
p red ic ted  from  abiotic variables (see chap ter 2.4.1), o r  the  biom ass densities that 
w ere actually m easured in the  study plo ts (see ch ap te r 2.4.2).

W e p u t m ore effo rt in investigating the  e ffec t o f  actual ben th o s data o n  bird 
num bers, even though  this was n o t  p a r t o f  the  original research question. As 
described in section 2.4, m easurem ents o n  ben th o s w ere ob ta ined  in Septem ber 
2003. Several ben th o s species occurred  in such low  densities th a t it was neither 
m eaningful n o r statistically possib le to  include them  as a separate variable in the 
analysis. O n e  o p tio n  w ould have been to  sim ply exclude these rare species from  the 
analysis. Instead , several o f  such scarce species were lum ped in to  a  single variable 
using a  principal co m p o n en t analysis (B rinkm an et al. 2005). T h e  logic behind  the 
principal co m p o n en t analysis was to  find a co m m o n  factor describ ing these rare 
species. In  the  end , 14 “ m eaningful”  variables rem ained, consisting  o f  the densities 
(m easured in g  A F D W  /  m 2) of: C ockles o f  th ree  d ifferen t size classes, Scrobicularia 
plana o f  th ree  d ifferen t size classes, R agw orm s o f  tw o size classes, Lugw orm s o f  two 
size classes, Lanice conchilega, a  lum ped variable o f  all thin and long polychaetes, a 
lum ped variable o f  all Macoma balthica +  rem aining w orm s and  a  lum ped variable o f  
all crustaceans, all gastropods and  M ya arenaria'. As the  d ep en d en t variable, we used 
the  n u m b er o f  foraging hours o f  a particular bird species in a particular p lo t du ring  a 
particular coun t. T h e  first m odel tha t we investigated was a linear regression relating 
the n u m b er o f  foraging hours (H) to  the (m eaningful) ben thos densities:

H = a0 + Y j a,B l (9)
i = \

In  this equation , n is the total num ber o f  benthic variables (i.e. 14), a,,, a„  .., au  are the 
fitted co n stan ts  and B„ B2, . . . ,  B l4 represen t the benthic variables. T h e  code nam e 
fo r this m odel is BJ.

2 S ince so n ic  o f  the  lu m p ed  variables con ta in ed  b en th ic  species that d iffered  considerably  in ecology, th e  added 
b en efit o f  inc lud ing  such  lum ped  variables in the  analysis, instead  o f  simply deleting  all rare b en th ic  species from  
th e  analysis m ay be  q uestioned . In  on ly  o n e  analysis d id  w e observe  a  significant corre la tion  involving a  lum ped 
variable. F o rag in g  h o u rs o f  R edshank  show ed  a significant negative corre la tion  w ith th e  lum ped  variable- 
con ta in in g  all c ru staceans, all g as tro p o d s an d  th e  bivalve A/yd arenaría. T h is  variable includes Corophium, w hich  is a 
p re fe rred  p rey  o f  R edshank  (G o ss-C u sta rd  1977). H ow ever, in the  study o f  G oss-C usta rd  (1977) Corophium  
densities o f  u p  to  8000 p e r  m :  w ere m easu red , w hereas in th is study the  m axim al density  in th e  few  study p lo ts 
w here  it o ccu rred , w as on ly  57  p e r m 2.
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T h e  above equation  does n o t take in to  acco u n t tha t bird densities vary considerably 
in the  course o f  the  season. T h u s, o u r n ex t m odel (coded w ith  the  nam e B JM ) 
included the  variable m o n th  as nom inal variable:

H  = " o  +  2 / ' , ß ,  + Í cj M ¡ ( 10)
i=i y=I

In  this equation , m  is the  to tal n u m b er o f  d iffe ren t m o n th s  in w hich w e did 
observations (i.e. 6), M  refers to  the  m o n th  in w hich  observations w ere do n e  and 
takes the  values 1 if  the  observations w ere in m o n th  M . and  0  if  the  observations 
w ere in a d iffe ren t m o n th . Finally, c„ .., cs rep resen t the  fitted constan ts fo r the 
seasonal variation. I t  shou ld  be  n o ted  th a t this w ay o f  incorporating  seasonal 
d ifferences in density  is d iffe ren t from  equations (6) and  (7) w here  m o n th  occurs as 
an  argum en t in an exponentia l function.

T o  exam ine w h e th e r the  actual b en th o s  d ata  significantly im proved  o u r predictive 
m odels after abiotic variables had  been  taken in to  accoun t, w e first fitted the abiotic 
m odel accord ing  to  equation  (5). N ex t, w e investigated if  adding  benth ic variables 
significantly im proved  the  m odel. T h u s, the  fitted m odel (coded w ith the nam e 
BY 3V M ) is described  by  a  com bination  o f  equations (6) and  (10):

E (H ) =  exp(a +  b  E m ean  +  c E m ean 2 +  d  V m ean +  e V m ean2 +  f  Salt +  g  Salt2 +  h
n

Sep +  i N o v  +  j Jan  +  k M ar +  1 A pr) +  ^ aiBi (11)
i= i

T h e  abiotic p a r t was always included in the  m odel, so the  exercise am ounted  to 
investigating if  adding  ben th ic  variables significantly reduced the  residual variance.

In  equation  (11) the  variable Sa lt m ight act as a proxy fo r location and  associated 
variations in  ben th ic  food  supply. T h u s , we also investigated th e  co n trib u tio n  o f  
b en th o s  data to  an  abiotic m odel w ith o u t Salt:

E (H ) =  exp(a +  b  E m ean  +  c E m ean 2 +  d  V m ean  +  e V m ean2 +  h Sep +  i N o v  +  j 

Ja n  +  k  M ar +  1 A pr) +  (12)
i= i

T h e  code nam e fo r this m odel w as B Y 2V M .

2 .6  V a l id a t io n

T o  validate the  regression m odels tw o approaches w ere considered. First, foraging 
ho u rs  ‘o bserved ’ and predic ted  in additional intertidal p lo ts w ere com pared . Second, 
a com parison  was m ade betw een  p red ic ted  num bers o f  foraging ho u rs  in  intertidal 
regions (converted  to  n u m b er o f  birds) w ith  n u m b er o f  b irds coun ted  a t associated 
high tide roosts. W hile the  first app roach  concerns observations an d  predictions for 
the  sam e geographical areas, the  second approach  is based o n  assum ptions abou t the
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relations betw een  foraging areas (low tide situation) and  high tide roosts  (high tide 
situation).

T o  execute b o th  k inds o f  validation, tw o  types o f  in fo rm ation  w ere available: b ird  
coun ts  in intertidal p lo ts during  low  tide (‘low  tide coun ts’) and  bird coun ts at high 
tide roosts  (‘high tide co u n ts’). T ak ing  in to  accoun t the  conversion  o f  n u m b er o f  
foraging ho u rs  to  n u m b er o f  birds it was possib le  to  com pare pred ictions and  actual 
co u n ts  fo r each species fo r the  co rrespond ing  m on th . F o r th is conversion  we 
assum ed  tha t b irds o f  a given species needed  a fixed n u m b er o f  foraging hours to  
satisfy their energy needs (Table 2-4). W e d ivided the  total n u m b er o f  foraging hours 
by  this species-specific n u m b er to  ob ta in  the num ber o f  birds.

W e used  b o th  validation approaches o n  the  full annual model (Y3VM). T o  validate 
the  grouped variable m odel (GMY2VM), w e only used the  high tide counts.

Table 2-1. Number o f foraging hours per individua! bird, as used to convert foraging hours lo number o f birds.
Species N u m b e r  o f  fo rag ing  

h o u r s  p e r  ind iv idual
R in g ed  P lo v e r 8.25
S h e ld u ck 6 .00
D u n lin 8 .25
B ar-ta iled  G o d w it 5 .00
O v s te rca tch e r 5 .00
R e d sh a n k 8.25
C u rlew 5 .00
G re v  P lo v e r 8 .25

2.6.1 Low tide counts

A dditional low  tide coun ts o f  foraging b irds w ere perfo rm ed  in 41 d ifferen t p lo ts  (0.3 
to  6.1 ha  each, average size 2 .8  ha) d istribu ted  o v er seven sites in the w estern  p art o f  
the  W esterschelde (Figure 2-19). B ecause 24 plo ts w ere coun ted  twice, a to tal o f  65 
coun ts  are available. A t fo u r sites co u n ts  were m ade du ring  the  entire low  tide period 
while at the  o th e r  sites only coun ts from  high w ater to  low w ater w ere m ade. All 
coun ts  w ere m ade a t 15 m inu te  intervals and  converted  to  foraging ho u rs  by 
m ultiplying the  to tal n u m b er o f  birds by 0.25 (one qu arte r o f  an  hour). W h en  only 
ebb  tide co u n ts  w ere available, this figure was m ultiplied by  tw o to  arrive a t an 
estim ate o f  to tal foraging hours p e r low  tide period.

Low  tide coun ts w ere m ade in N o v em b er 2003 (sites H ooge P laten , Schelphoek, 
B aarland), A pril and  M ay 2004 (sites Z uidgors and  T em euzen), in Septem ber and 
N o v em b er 2004 (site S chorerpo lder/S loehaven) and  in O c to b e r and  D ecem ber 2004 
(site N ijs- &  P looglandpolder). T h e  coun ts are docum ented  in  A quasense (2004), 
Boudew ijn &  V o n k  (2004), H oekstein  &  Boudew ijn (2004), Boudewijn et al. (2005a), 
B oudew ijn  et a ! (2005b) and  B oudew ijn et al. (2005c). Because n o  m odels for 
O c to b e r and  D ecem ber are available, the results fo r N ijs- &  H ooglandpo lder were 
com pared  w ith  m odel p red ic tions fo r S ep tem ber and  D ecem ber respectively.
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Figure 2-19. Location (in black) o f plots where low tide counts were performed for validation. Source: RISS 
RIKZ.

2.6.2 H igh  tide counts

M onthly  coun ts  o f  b irds ro o stin g  a t high tide along the  shores o f  the  W esterschelde 
arc part o f  the nadona l m on ito ring  p rog ram m e organised by the  N ational Institu te  
fo r C oastal an d  M arine M anagem en t/R W S  R IK Z. D a ta  from  this p rogram m e are 
used for the  validation w ith  high tide counts. D ep en d in g  o n  the  species, som e o f  the 
coun ts w ere incom plete  o r  unreliable because high tide roosts  cou ld  n o t be visited by 
the  observ er o r  w ere fo r som e reason  disturbed . In  such cases all co u n ts  for tha t 
particular m o n th  w ere left o u t o f  the  analysis. O therw ise  fo r each m o n th  the  average 
o f  coun ts in  the period  July 1999 to  Ju n e  2004 was used. Based o n  know ledge o f  
m ovem en ts o f  b irds betw een individual roosts, coun ts  w ere aggregated for five 
geographical regions (sectors) w ith  little o r n o  exchange o f  b irds (pers. com m . C or 
B crrevoets, RW S R IK Z ).

2.6.3 P redicted  d istributions

T h e  regression m odels w ere com bined  w ith m aps o f  environm ental variables to 
p ro d u ce  the  p red ic ted  n u m b er o f  foraging hours for every  possible p o in t in die 
intertidal in the w estern p art o f  the  W esterschelde. Areas w ith  em ersion times 
exceeding 85%  w ere excluded from  the m aps. T h ese  areas, w hich  are all situated 
above high  tide level a t neap tides, are covered  w ith  vegetation  o r  are otherw ise 
regarded as insignificant foraging areas fo r w aders an d  Shelduck (pers. com m . D ick 
de  Jo n g , RWS R IK Z ).

F ro m  these m aps, to ta l n u m b er o f  foraging hours fo r individual p lo ts w ere calculated 
(low tide counts). In  the  area relations betw een  high tide ro o sts  and  low tide 
foraging areas are poorly  know n. M ostert et a!. (1990) d o cu m en ted  w hat was know n 
at tha t tim e ab o u t flight directions o f  w aders visiting certain h igh  tide roosts.
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G enerally  speaking the  h igh  tide ro o s ts  closest to  the foraging areas are used. P e te r 
M eininger an d  C or B errevoets (RWS R IK Z ) advised on splitting u p  the  intertidal 
area in to  regions tha t best co rresp o n d  w ith  the  sectors distinguished in th e  high tide 
counts. Som e additional in fo rm ation  ab o u t b ird  m ovem ents betw een tidal flats and 
the  high tide roosts  w as ob ta ined  by M arcel K ersten  (A ltenburg &  W ym enga) and 
F red  T w isk (RWS R IK Z ) du ring  this pro ject. F o r the validation based  o n  high tide 
coun ts, the  m aps w ith  p red ic ted  foraging ho u rs  w ere split in to  seven regions (Figure 
2-20).

H oedekenskerke

Baarland

Paulina
T e m e u zen

Figure 2-20. Map of the regions distinguished for the validation on the basis o f the high tide counts. Low tide 
regions and associated high tide sectors (Paulina, Sloe, Paarland, Hoedekenskerke. and Temeuzen) are indicated. 
Data from low tide regions marked with a star were used as follows: *1 was joined with data from Paulina and 
*2 with data from Hoedekenskerke for S  he ¡duck and with Temeuzen for all other species. Source: RUA RIKZ.

2.6.4 C om parison betw een predictions and observations

F o r the  low  tide coun ts n u m b er o f  foraging ho u rs  pred ic ted  and  ‘observed’ could  be  
com pared  directly. A positive linear relation was expected to  exist betw een the 
n u m b er o f  ho u rs  p red ic ted  and  observed.

T o  be able to  com pare  n u m b er o f  b irds (high tide counts) w ith m odel predictions 
(foraging hours) the n u m b er o f  foraging hours from  the m aps was divided by the 
estim ated n u m b er o f  foraging ho u rs  p e r individual as given by Boudew ijn el al. 
(2005a), see T able 2-4. T hese arc ‘m ean’ values taken from  the  literature and  concern  
the  en tire  low  tide period , as observed  in daytim e situations and w ith o u t taking in to  
accoun t seasonal differences.
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F o r the high tide co u n ts , tw o  aspects w ere considered: 1) the  n u m b er o f  birds 
pred ic ted  (as calculated from  the  n u m b er o f  foraging hours pred ic ted) an d  observed 
fo r the en tire  study area (absolute com parison , season 2 0 0 3 /2 0 0 4  only) and 2) the 
proportion o f  the total n u m b er o f  b irds co u n ted  (high dde coun ts) and  o f  the total 
n u m b er o f  foraging ho u rs  p red ic ted  (m aps) for co rresp o n d in g  high tide sectors and 
low  tide regions (relative com parison , average situation  seasons 1999/2000 to 
2 0 0 3 /2004). T his way, a co rrec t conversion  o f  n u m b er o f  foraging ho u rs  predicted  
to  n u m b er o f  b irds in the area is im portan t fo r the abso lu te  com parison , b u t n o t for 
the  relative com parison . T h e  choice o f  associated high tide sec to rs  and  low tide 
regions is im p o rtan t fo r the  relative com parison , b u t n o t fo r the  absolute 
com parison .

D ep en d in g  o n  the  species, fo r each o f  the  five h igh  tide sectors the  n u m b er o f  b irds 
was com pared  w ith  the  n u m b er calculated fo r o n e  o r  m ore o f  the seven low tide 
regions. T h e  low  tide region m arked w ith  **1’ in Figure 2-20 was supposed  to  be 
associated  w ith  high tide secto r Paulina, the region m arked w ith ‘*2’ in Figure 2-20 
was su p p o sed  to  be  associated w ith h igh  tide sec to r H oedekenskerke (Shelduck only) 
o r  T em e u zen  (all o th e r species).

F o r each species excep t Sanderling and  K n o t (m odels w ith  low  explained variance) 
o n e  m o n th  w ith  high num bers was ch o sen  to  com p are  m odel resu lts w ith  high tide 
counts.
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3 R esults

3.1 Abiotic variables

Several o f  the  abiotic variables appeared  to  be highly correlated. N o t surprisingly, 
em ersion  tim e show ed a s tro n g  positive correlation  w ith height (Figure 3 -la ) and  silt 
co n ten t show ed a s tro n g  negative correlation  w ith  m edian grain size (Figure 3 -lb ). 
C u rren t velocity show ed a negative correlation  w ith silt co n ten t (Figure 3 -lc )  and  a 
positive correlation  w ith  m edian  grain size (Figure 3 -Id).
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Figure 3-1. Correlation between abiotic variables measured in the study plots (silt content and median grain sisye), 
or predicted from GIS-maps (emersion time, depth and current velocity), (a) Emersion time (% time) plotted 
against depth (cm), (b) Silt content (% mass > 63 um) plotted against median grain si~e (jam), (c) Silt content 
(% mass > 63 jam) plotted against average current velocity (cm/s), (d) Median grain sisye (jam) plotted against 
average current velocity (cm/  s).

A dd in g  a new  p red ic to r variable (like silt con ten t) to  a regression equation  that 
already includes a highly correlated  p red ic to r variable (like m edian grain  size) will n o t 
im prove th e  predictive p o w er o f  the  equation. T hus, a set o f  po ten tial p red ic to r 
variables w ith o u t s tro n g  correlations is needed. In  deciding o n  this set, non-statistical 
argum ents may enter. W e decided to  include em ersion tim e and  exclude height, 
because em ersion  tim e directly relates to  the  feeding opportun ities o f  the  birds. 
Follow ing the  sam e argum en t we should  have included silt co n ten t (or m edian grain 
size) an d  excluded cu rren t velocity. H ow ever, we m ade the  opposite  choice as the 
sed im ent variables have several problem s. First, there  are m any differen t m ethods to 
m easure the  silt co n ten t and  the  m eth o d s em ployed considerably affect the  results 
(Zw arts el at. 2004). Possibly as a result o f  this, the  silt co n ten t as m easured in this
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study, does n o t correlate w ell w ith  the sed im ent m ap p ro d u ced  by S telzer (2003) on 
the basis o f  satellite im ages an d  g ro u n d  tru th  (Figure 3.2).

120

• •

TJ

•  Rug v an  B aarland

•  Paulina sc h o r

•  H aat v a n  Baarland

•  Hoog© H aten

100

silt co n ten t (%) m e asu red  in study plot

Figure 3-2 . C orrelation between s ilt content (%  m ass >  6 3  p m ) m easured in  the study p lo ts  {see methods) and s ilt 
content (%  m ass >  6 3  /am ) a s derived fo r  the study p lo ts  fro m  the sedim ent m ap produced by S teiger (2003).

A  likely explanation  is th a t the  satellite im age only reflects the  co m p o sitio n  o f  the 
thin to p  layer o f  a few m m , w hereas o u r sam ples apply  to  the  to p  5 cm  o f  the 
sedim ent. T h e  th in  to p  layer is p robably  quite variable o n  a sh o rt tim e scale as a 
result o f  periods w ith  s tro n g  w ave action  (w hich rem oves fine sedim ents) o r  grow th 
o f  d iatom s (which cap ture fine sed im ents in a layer o f  m ucus). Second, producing 
sed im en t m aps is n o t p a rt o f  a regular m o n ito rin g  schem e and  it is d ifficult to  predict 
h o w  sed im en t co m position  will change as a result o f  hum an activities. Thus, 
sed im ent co m p o sitio n  is o f  lim ited value as a p red ic to r variable in the m odels th a t w e 
develop and  we there fo re  decided  to  use cu rren t velocity'.

In  the  end , w e used a t  m ax im um  th ree  d iffe ren t abiotic p red ic to r variables (and their 
quadratic  term s) in  o u r m odelling: salinity' (w hich d id  n o t show  s tro n g  correlations 
w ith  the o th e r p red ic to r variables), em ersion  tim e and  cu rren t velocity'. I t  tu rned  o u t 
tha t em ersion  tim e an d  cu rren t velocity w ere negatively correlated. This was 
especially clear w ith in  study sites, except fo r the R ug van B aarland, b u t also apparen t 
in the  W esterschelde estuary1 as a w hole (Figure 3-3). T h e  fou r study  sites were 
characterized by d ifferen t com binations o f  em ersion  tim e and  cu rren t velocity and 
covered  d ie  m o st co m m o n  com binations o f  these tw o variables in the  estuary as a 
w hole (Figure 3-3). H ow ever, it is clear th a t w e d id  n o t have study plo ts in the less 
co m m o n  com binations.
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Characteristic of Western Scheldt tidal areas
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Figure 3 -3 . R elationship between current velocity (cm /s) an d  emersion tim e (% ) f i r  the study p lo ts  (each dot 
represents a  p lo t an d  different study sites are indicated w ith different sym bols) an d  f i r  the W esterschelde a s a  whole 
(indicated w ith  tlx  contour diagram ). The numbers n ex t to the boxes indicate the to ta l num ber o f  g rid  cells in  each 
combined in terval o f  10%  emersion tim e an d  10 cm /s  current velocity. The contour lines are derived fro m  an  
interpolation o f  the scores a n d fo r th is reason provide a  fa lse  sense o f  accuracy.

3.2 M easu rem en ts  o n  the  food supply

T h e  ben th ic  b iom ass was sm allest in the p lo ts a t Plaat van Baarland and  highest in 
the  p lo ts a t H o o g e P laten  (Figure 3-4). T h e  biom ass o f  crustaceans was very  small 
com pared  to  tha t o f  w orm s and  especially bivalves a t all sites. A t H ooge Platen 
transect D  h ad  m uch  low er biom asses on average than  the  o th e r transects. A t Rug 
van Baarland tran sec t J  had  m uch  higher b iom asses than  the o th e r transects. At 
Paulinaschor th e  average b iom ass in transect N  was m uch low er than  in the  o th er 
transects.

A t H o o g e  P laten , Paulinaschor an d  R ug van  Baarland C ockles (Cerastoderma edule) 
dom inated  the  b iom ass, w hile the  Baltic Tellin (Macoma balthica) was also p resen t in 
relatively high b iom asses (Figure 3-5). A t P laat van Baarland, C ockles w ere alm ost 
absen t and  the  Baltic Tellin dom inated  the biom ass. H ere ‘o th e r w orm s’ had  a large 
co n trib u tio n  to  the biom ass too , consisting  a lm ost exclusively o f  Heteromastus filiformis 
and  C apitellidae in equal densities. A t H o o g e  P laten  the  densities o f  ‘o th e r w orm s’ 
w ere dom inated  by Aphelochaeta marioni (49% ), Heteromastus filiform is (32%) and 
C apitellidae (15% ). A t Rug van  B aarland Heteromastus filiformis (54%) and  Capitellidae 
(42%) dom inated  th is g ro u p  o f  w orm s, w hile at Paulina they determ ined 71%  and 
18%  o f  densities o f  the  ‘o th e r w o rm s’ respectively.
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A veraged o v er all fou r study sites, anim als sm aller than  9 m m  dom inated  the 
popu la tion  o f  Baltic Tellins, an d  anim als sm aller than  15 m m  d om inated  the Cockle 
popu lation . In Scrobicularia anim als sm aller th an  10 m m  w ere m o st num erous, while 
all M ya  had  shell lengths above 17 m m  (except fo r transect | a t R ug van Baarland, 
w here only anim als sm aller th an  9 m m  w ere found). F o r  the statistical analyses 
relating b irds to  b en thos, only b iom ass data p e r size class w ere used (see paragraph
2.4.2 fo r class boundaries).

B tn th M  b io m asi

1 4 0

120

100

FP-A l-P-8 HP-C FP-D FB-E FB-f FB-G RB-H RB-J RB-K R.-L FL-M R.-M

■  Bivalvis +  M udsnail n  W orm s a  C ru stacean s

Figure 3-4 . A verage biom ass p e r p lo t in  the transects a t Hooge P laten (H P ), P laa t van B aarland (PB), R //g van 
Baarland (R B ) an d  Paulinaschor (P L ) a s determ ined in  autum n 2 0 0 3 . Source: R IP'S R IK Z .

58 A lterra-rapport 1193



Figure 3 -5 . The relative contribution o f  the different species an d  species groups to  the to ta l biomass in  autumn 
2 0 0 3  a t (a) Hooge Platen, (b) P laat van Baarland, (c) Rug van Baarland, (d) Paulinaschor. Source: RIP'S 
R IK Z .

3.3 Results per bird species

3.3.1 Shelduck

3.3.1.1 Prey choice

A ccord ing  to  the  review  o f  L eopo ld  el al. (2004) Shelduck feed o n  all sm all prey on 
o r  ju s t below  the  surface o f  the  m ud. T h e  M ud Snail Hydrobia is o ften  an im portan t 
p rey  item . A detailed study o f  fo o d  choice o f  Shelduck in the  D elta area (M eininger 
&  Snoek 1992) show s th a t M ud Snails are the  m ost im portan t prey in  the saline 
areas. In  the  brackish eastern  p art o f  the W esterschelde, bivalves and Hydrobia are 
absent, and  the  b irds feed m ainly o n  diatom s. Shelduck n o  only feed o n  the exposed 
tidal flats, b u t also in shallow  water. W e have o n e  direct observation o f  a Shelduck 
taking a sm all Cockle.

3.3.1.2 Phenology

Shelduck num bers typically peak in  Ju n e /Ju ly  and  m any birds stay to  m oult in 
A ugust-S ep tem ber (B errevoets et al. 2003). A fte r tha t num bers decline steadily to 
veiy  low  num b ers in the  period  N ovem ber-january . F rom  M arch to  May num bers
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slowly increase. F igure 3-6 indicates th a t w e did n o t collect co u n ts  during  the period 
w hen m axim al num b ers o f  Shelduck are p resen t in th e  W esterschelde. M oulting 
Shelduck ten d  to  keep sw im m ing and  only v isit the edges o f  the tidal flats 
(M eininger, pers. com m .). T h e  low  num b ers in  N o v e m b e r 2003 and  January  2004 
co n fo rm  to  the  general p a tte rn , b u t this is n o t true fo r the  fact tha t the  c o u n t in May 
2004 exceeds b o th  coun ts in Septem ber.
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Figure 3-6 . The to ta l num ber o f  foraging /jours o f  Shelduck during each o f  the observation periods. N o te  th a t the 
num ber o f  sites counted increased fro m  6 3  to  7 !  during the study. In  Jan u ary/ Februar)' 2 0 0 4  not a ll sites could 
be counted due to  bad weather conditions.

3.3.1.3 D istribution

E m ersion  tim e, cu rren t velocity  an d  salinity significantly influenced the distribution 
o f  Shelduck in the  five co u n ts  for w hich it p roved  possible to  build  a distribution 
m odel (Table 3-1). T h e  sam e variables w ere also included in the  full annual m odel 
(Table 3-2). T h e  am o u n t o f  deviance th a t was explained by the  m onth ly  m odels 
varied betw een  42%  an d  64%  (Table 3-1). T h e  param eter estim ates indicate tha t the 
shape o f  the curves varied qualitatively betw een  m o n th s, so  it is n o  surprise th a t the 
explained deviance o f  die full annual m odel is below  this range.

W h en  the param eter estim ates are exam ined in  m o re  detail we find tha t only in a 
m inority  o f  cases an  op tim um , o r  a truncated  o p tim um  is indicated (Table 3-1). F o r 
the m onthly  m odels, this is the  case for salinity in Jan u a ry /F eb ru a ry  2004 and  for 
em ersion  tim e in A pril and  May 2004. N u m b ers  w ere low  during  the co u n t in 
januarv /F eb ru arv  2004, so  the  o p tim um  for salinity is p robably  a statistical fluke. F o r 
the o th e r m o n th s the re la tionship  w ith  salinity co rresponds to  d ie  results o f  (van

S h e ld u c k

S e p 0 3  Nov03 Jan 0 4  M ar04 Apr04 M ay04 S ep 0 4
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K leunen  1999) an d  (Stuart et al. 1990), w h o  fo u n d  m ore Shelduck in the  m o re  saline 
m o u th  o f  the  W esterschelde than  in the  central part, (van K leunen 1999) also reports 
m any Shelduck in  the  brackish  eastern  p art, b u t we did n o t study this area.

T able 3 -1 . M onth!)’ distribution m odels (MOV; see method* fo r details) fo r  the Shelduck. N o  models could be 
f itte d  fo r  the d a ta  in  Septem ber 2 0 0 3  an d  N ovem ber 2 0 0 3 . A  t̂ ero indicates th a t a  particu lar variable w as not

J a n /F e b 0 4 M ar0 4 A p r0 4 M ay04 S ep04

c o n s ta n t -673 21 .93 9.1 23.63 251.4

E m e an 0.427 -0 .0555 0.3 0 .2552 0

E m e a n 2 0 0 -0 .00383 -0 .00387 -0 .00167

V tn e an 0 -0 .2 6 1 9 -0 .3649 -0.32 0

Y m e a n 2 0.00881 0 .00284 0 .004138 0.00241 -0 .00415

Salt 45.6 -0 .479 0 -0.601 -17.61

Salt2 -0 .807 0 -0 .00748 0 0.3196

D ev ian ce
exp la in ed

5 7 % 4 0 % 4 8 % 6 4 % 4 2 %

Figure 3-7 suggests tha t Shelduck o ccu r in a w ide range o f  habitats and  are only 
absen t in  areas w ith  very sh o rt em ersion  tim es, w hich  was also n o ted  by V an 
K leunen (1999). T he observations also suggest tha t areas w hich have b o th  a long 
em ersion  tim e and  a h igh  cu rren t velocity' are also unattractive. V an K leunen (1999) 
rep o rts  h ighest densities in  ver)’ m uddy areas, b u t w e d id  n o t observe a very’ strong  
preference fo r areas w ith  low  cu rren t velocities.

Since the  full annual m odel (Table 3-2) does n o t contain  o p tim um  curves for any o f  
the  variables, p red ic ted  num b ers o f  foraging ho u rs  are m axim al outside the  
com bined  range o f  em ersion  tim e an d  cu rren t velocity for w hich  we collected data 
(Figure 3-8). V ery high num b ers o f  foraging ho u rs  are predicted  fo r areas w ith  short 
em ersion  tim es an d  low  cu rren t velocities (Figure 3-8). T his is p robably  a statistical 
artefact.
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I'¡gure 3-7. D istribu tion  o f  Shelduck w ith  respect to  emersion tim e (%  tim e) an d  m ax im al current velocity during an average tide  
(cm /s). (a) Foraging hours a s a  function o f  both variables a s obsened. (b) Foraging hours a s a  function o f  both variables as 

predicted, (c) Foraging /sours a s a  function o f  emersion tim e, comparing observations an d  m odel predictions, (d) Foraging hours a s a  
function o j current velocity, comparing observations an d  m odelpredictions.
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Figure 3-8. C ontour p lo t o f  predicted foraging hours o f  Shelduck w ith  respect to  emersion tim e (%  tim e) and  
m axim al current velocity during an average tide (cm /s). Predictions are based on the fu ll  annua! m odel ( Y3VM’). 
D ots indicate the study p lo ts. The num bers next to the boxes indicate the to ta l num ber o f  foraging hours in  each 
combined in terval o f  10%  emersion tim e an d  IO cm /s  current velocity. The contour lines are derived from  an 
interpolation o f  the scores an d  fo r  th is reason provide a  fa lse  sense o f  accuracy

Shelduck foraging hours
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T able 3 -2 . Param eter estim ates o f  the fu ll  annual distribution  m odel (Y 3 V M ) fo r the Shelduck. A  3 tro  indicates 
th a t a  p articu lar variable w as not included in  the f in a l model. W hen the param eter values indicate an optim um  
curve, they are shaded grey.__________
c o n s ta n t 1 1 2

E m ean 0

E m e a n 2 -0 .000936

V m ean -0 .147

V m e an 2 0

Salt -7 .310

Salt2 0.129

Sep -0 .430

N o v -2.600

J a n -1 .330

M ar -1 .150

A p r -0.969

M ay 0

E x p la in ed 36 .5%

3.3.2 O ystercatcher

3.3.2.1 Prey choice

O vstercatchers are am ong  the b est studied  w aders. Reviews o f  their d iet can be 
found  in H ulscher (1996), Z w arts et  al. (1996a) and  Z w arts et al. (1996b). T h e  m ost 
recen t review  is p rovided  by Bult et al. (2004), w h o  include studies tha t appeared 
since 1996 (Table 3-3). D u rin g  w inter, O vstercatchers feed nearly exclusively on 
shellfish, especially Cockles and M ussels, b u t o th e r shellfish like M ya arenaria. Macoma 
balthica and  Scrobicularia plana are also taken.

T h e  prey choice observed in this study (Table 3-4) conform s to  the  general pattern  
described in  T able 3-3. Since there  are n o  m ussel beds o n  the flats o f  the 
W esterschelde, w e expect Cockles to  be the m o st im portan t prey item  in w in ter and 
this is indeed the  case.
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T able 3 -3 . Sum m ary o f  the im portance o f  different prey to  Oystercatcbers in  sum m er an d  winter. From  B ult et a!. 
(2 0 0 4 )   '  _____________ ____________________________________
E n g lish
n am e

Scien tific  nam e I m p o r ta n c e  as fo o d  so u rce  
d u r in g  su m m er

Im p o r ta n c e  as fo o d  so u rc e  d u rin g  
w in te r

M usse l M ytilus edulis Im p o r ta n t  s ta p le  f o o d  fo r 
co as ta l b re ed e rs

V ery  im p o r ta n t  s tap le  food : alw ays 
accessib le

C ock le Cerastoderma
edule

I m p o r ta n t  s ta p le  fo o d  fo r 
co as ta l b re ed e rs

Ver}- im p o r ta n t  s tap le  food : alw ays 
accessib le

S a n d  G a p e r M ya arenaria M o d era te ly  im p o r ta n t  fo r 
co as ta l b re ed e rs

In  s o m e  y ears im p o r ta n t a lte rna tive  
fo o d  so u rce : o n ly  sm all an im als are 
w ith in  reach  a n d  o n ly  ever}' n o w  a n d  
th e n  th e re  is a  s tro n g  y ear class

P e p p e red  
F u rro w  Shell

Scrobicularia
plana

L im ited  im p o r ta n c e  fo r  co asta l 
b re ed e rs

O f  lim ited  im p o rta n ce : on ly  ever}' n o w  
a n d  th e n  th e re  is a s tro n g  year class 
a n d  b u rro w s  d e e p e r  in  w in te r  so  th a t  it 
b e c o m e s  inaccessib le

B a iae  T ellin M acoma balthica Im p o r ta n t  s ta p le  fo o d  fo r 
co as ta l b re ed e rs

D e p e n d a b le , b u t  less a ttrac tive  
a lte rn a tiv e  p rey : b u rro w s  d e ep e r  in 
w in te r  a n d  th e re fo re  less p ro fitab le  
th a n  in  su m m e r; less variab le  b e tw een  
vears c o m p a re d  to  o th e r  prey

A m e ric an  
R a zo r C lam

E nsis directis L im ited  im p o rta n c e  to r  co asta l 
b reed e rs : p ro b a b ly  o n ly  taken  
bv a  few  specia lis ts

V ery  lim ited  im p o rta n c e : p ro b a b ly  o n ly  
ta k e n  b y  a few  spec ia lis ts

S h o re c ra b Carcinus maenas L im ited  im p o r ta n c e  to  coasta l 
b re ed e rs

U n im p o rta n t: O y s te rca tch e rs  take on ly  
large c ra b s  a n d  th e se  large  c rab s  sp e n d  
th e  w in te r  in  gu llies o u t  o f  reach  o f  th e  
b ird s

R ag w o rm N ereis
diversicolor

Im p o r ta n t  s ta p le  fo o d  fo r 
co as ta l b reed e rs

U n im p o rta n t:  b u rro w s  d e ep e r  in 
w in te r  a n d  is less ac tiv e , so  th e  b ird s  
c a n n o t ca tch  th em

L u g w o rm Arenicola marina L im ited  im p o rta n c e  to  coasta l 
b re ed e rs

U n im p o r ta n t d u e  to  stro n g ly  red u ced  
activ ity  in  w in te r

E a r th w o rm Ljimbricus, 
Allolobopbora 
etc. sp.

Im p o r ta n t  s ta p le  fo o d  fo r 
in la n d  b re e d e rs

Im p o r ta n t  a lte rn a tiv e  p rey , especially  
a f te r  rainfall; less d e p en d a b le  titan  p rey  
fro m  m u d  flats, b ecau se  m ead o w s 
freeze  e a rlie r  th a n  m u d  flats

T ip u lid Tipula sp. Im p o r ta n t  s ta p le  fo o d  fo r 
in la n d  b re e d e rs

Im p o r ta n t  a lte rn a tiv e  p rey , especially  
a f te r  rainfall; less d e p en d a b le  th a n  p rey  
fro m  m u d  flats, b ecau se  m eadow s 
freeze  e a rlie r  th a n  m u d  flats
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Table 3-4. Observations o f prey species taken by Oystercatcbersfeeding in the study sites. For each site the number

Plaa t van  
B aarland

H o o g e
P la ten

Pau lina
sc h o r

R ug v an  
B aarland

T o ta l %

Cerastoderma edule 0 104 1 132 237 7 9 %
u n k n o w n  sh e llfish 1 0 4 0 5 2 %

Macoma balthica 0 19 1 2 2 42 14%

N ereis diversicolor 0 0 5 7 1 2 4 %
Carcinus maenas 0 0 1 0 1 0 %
u n k n o w n  p rey 1 0 1 0 2 1%

3.3.2.2 Phenology

H ighest num b ers o f  O ystercatchers habitually o ccu r in the W esterschelde in late 
sum m er, early au tum n (B errevoets et al. 2003). T hereafter num bers decline until 
m in im um  num bers are reached in the  period M arch-June. T h is p a tte rn  is also 
reflected in the  n u m b er o f  b irds coun ted  du ring  low  tide in the study sites (Figure 
3-9), except fo r  the ra th e r low  num bers coun ted  in Jan u ary /F eb ru ary  2004, w hich 
m igh t be  related to  the  fact th a t n o t all sites w ere counted .

O y s te r c a tc h e r
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Figure 3-9 . The to ta l num ber o f foraging hours o f Oystercatcbers during each o f the observation periods. N o te  th a t 
the num ber o f sites counted increasedfrom  6 3  to 7 1 from  M arch 2 0 0 4  onwards. In Januaty I  February 2 0 0 4  only 
4 8  sites could be counted due to bad  w eather conditions.

3.3.2.3 Distribution

T h e  O ystercatcher is am ong the  m ore abundant o f  the species tha t we investigated. 
D u e  to  its abundance, it p roved  possible to  construct a d istribu tion  m odel for each
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o f  the  coun ts (Table 3-5). In  a lm o st all cases, em ersion  tim e, cu rren t velocity and 
salinity' had a significant effect. In  the  case o f  em ersion  tim e, this w as o ften  an 
o p tim um  curve, b u t in the  case o f  salinity’ we ob ta in ed  a U -shaped  function in the 
majority’ o f  cases. T his w as also the  shape we ob ta in ed  in the  full annual m odel 
(Table 3-6). T his is p robab ly  a  statistical artefact an d  n o t in line w ith  the  observations 
o f  V an K leunen  (1999) an d  S tu art et al. (1990), w ho  b o th  observed  th a t the density’ o f  
O ystercatchers increased from  low  values in the brackish  easte rn  p art o f  the 
W esterschelde, to  high values in the  saline w estern  part.

T able 3 -5 . M onthly distribution  models (MOV; see m ethods fo r  details) fo r  the Oystercatcher. A  3 ero indicates 
th a t a  particu lar variable mas not included in  the f in a l model. W hen the param eter values indicate an  optimum  
curve, they are shaded grey.

S ep03 N o v 0 3 J a n /F c b 0 4 M ar04 A p r0 4 M ay04 Sep04

c o n s ta n t 35.2 -12.61 -942 160.7 160.4 284.1 165.1

E m e an 1.534 1.724 -0.3701 -0 .546 0

E m e a n 2 -0 .01364 -0 .0 0 7 5 8 -0 .01432 0 0 -0 .00846 0

V m ean -Ü.205 -0 .0 8 0 2 0.2381 0 0 .2 6 9 0

V m e a n 2 0.002301 0 0 -0 .00745 -0 .0 1 7 5 8 -0 .0 1 1 3 4 0

Salt -5.3 0 62.1 -9.41 -8 .46 -2 2 .0 1 -12 .08

Salt2 0 .0993 0 -1.084 0 .1649 0 .1448 0 .3973 0.2224

D ev ian ce
ex p la in ed

57 .5% 3 1 .0 % 80 .7% 7 0 .1 % 64 .9% 59 .1% 40.8%

O ystercatchers occurred  o v er a w ide range o f  cu rren t velocities and  em ersion  times 
(Figure 3-10). B ecause n o t a single variable show ed an  o p tim u m  curve in  the full 
annual m odel (Table 3-6), m axim al densities o f  O ystercatchers w ere predicted 
ou tside  the  range o f  em ersion  tim es and  cu rren t velocities o v er w hich w e obtained 
d ata  (Figure 3-11). H ighest densities w ere pred ic ted  fo r low  cu rren t velocities and 
lo n g  em ersion  tim es. T h is  is p robab ly  a statistical artefact.

Table 3 -6 . Param eter estim ates o f  the f i l l  annual distribution  m ode! (Y 3 V M ) fo r  the Oystercatcher. A  %ero 
indicates th a t a  p articu lar variable w as not included in  the fin a ! modeI. W hen the param eter values indicate an

c o n s ta n t 85

E m e an 0

E m e a n 2 -0 .00026

V m ean -0 .0727

V m e an 2 0

Salt -5 .90

S alt2 0 .108

Sep 1.52

N o v 1 .0 1

J a n 0 .6 7 9

M ar -0 .723

A p r 0

M ay 0

%  E x p la in ed 27 .6
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Oystercatcher

Flov veC cty  (cmfc) w »  m m m
E m ersion  «m e (%  o f » n e )

A v erag e  f lo v v o é c x íy  (cm /s)

Figure 3 -1 0 . D istribu tion  o f  Oystercatchers w ith  respect to  emersion tim e (%  tim e) an d  m axim al a /rren t velocity 
during an  average tide (cm /s), (a) Foraging hours a s a  function o f  both variables a s observed, (b) Foraging hours 
a s a  function o f  both variables a s  predicted, (c) Foraging hours as a  function o f  emersion tim e, comparing 
observations an d  m ode! predictions, (d) Foraging hours a s a  function o f  current velocity, comparing observations and  
m ode!predictions.

A s will be show n  later, the  O ystercatcher is the  only species w here actual 
m easurem ents o n  the  prey o ffer a b e tte r explanation o f  the  d istribu tion  o f  the  birds 
than  m odels w ith abiotic data only. Since the ben th ic  data w ere collected in the 
au tu m n  o f  2003, w e averaged d ie  b ird  co u n t data fo r the  coun ts o f  S ep tem ber 2003, 
N o v em b er 2003 and  January/February? 2004. W e restric ted  the  analysis to  prey 
k now n  to  b e  taken by O ystercatchers (Table 3-3). A s was to  be expected, large 
C ockles always show ed a s tro n g  positive correlation  to  the  foraging hours o f  
O ystercatchers. A m o n g  the  sim ple correlations, the  h ighest correlation  was w ith total 
b iom ass density  o f  C ockles (r=0 .53 , N —63, P < 0.001), followed by Cockles greater 
than  2  cm  (r=0 .46 , N = 6 3 , P < 0.001), C ockles betw een 1 and  2 cm  (r=0.33, N = 6 3 , 
P <0.01). All o th e r correlation  coefficients w ere less than  0.3, b u t included significant 
co rrelations fo r Macoma 1-1.5 cm , Macoma > 1 .5  cm , to tal Macoma, Scrobicularia 1-3 cm , 
L ugw orm  w ith a w id th  >  4  m m  an d  to tal biom ass density o f  L ugw orm . M ultiple 
regression  w ith  forw ard inclusion o f  term s, w ith  prey separated  by size class and 
species lead to  a m odel w ith large Cockles, in term ediate  sized Scrobicularia and  large 
L ugw orm s (Table 3-7). W hen prey  w ere lum ped  p e r species, backw ard elim ination o f  
term s retained, ap a rt from  b iom ass density o f  Cockles, also the  biom ass density o f  
Scrobicularia an d  Lugw orm s. H ow ever, forw ard inclusion o f  term s only lead to 
b iom ass density  o f  C ockles being  included in the m odel. This relationship is p lo tted
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in Figure 3-12, w here each d o t represen ts a p lo t, and  F igure 3-13 w here data are 
averaged p e r study site. I t  is clear tha t the absence o f  O ystercatchers from  the  study 
site Plaat van  B aarland is due to the  absence o f  Cockles. A  striking absence o f 
C ockles from  the P laat van  Baarland was also n o ted  by D u iker &  Bos (1996) in 1996 
an d  also accord ing  to  the  R IV O  surveys C ockle densities w ere generally low  at this 
site in th e  period  1992-2003 (S teenbergen et ul. 2004). E arlier research show ed  that 
the particular m orphological cond itions o f  the  site are unfavourab le fo r Cockles 
(Boum a et ul. 2001).

ruble 3 -7 . Terms included in  u linear regression m odel predicting the foraging hours p er tide p er ha o f  
Oystercatchers (in the autum n an d  w in ter o f 2 0 0 3 /2 0 0 4 )  fro m  biom ass densities o f  th eir prey measured in  the 
autum n o f2 0 0 3 .__________

U n s ta n d a rd iz e d
C o effic ien ts

S tan d ard ized
C o effic ien ts

t P

B S E B eta

(C o n stan t) 12.614 4.875 2.587 . 0 1 2

C ockles 
le n g th  >  2  cm

.305 .082 .394 3.712 . 0 0 0

Scrobicularia 
len g th  1 -3  cm

5.136 1.528 .365 3.362 .0 0 1

L u g w o rm  
w id th  >  4  m m

3. n o 1.467 .233 2.160 .035

Oystercatcher foraging hours

?

100 T  ' I
15 25

FOH in c e l ls  w ith  th i s  c h a r a c te r i s t i c

119545 ■  17373 ■  15202 B 13030  ■ 10858 
8887 @ 8515 Q  4343 G 2172 Q 0
All In te rv a ls : 10 u n i t s  w id th  (% I I  c m /s )

T T T
35 45 55 65 75 85 95 100

Emersion time (%)
Figure 3-1  / .  C ontour p lo t o f  predicted  foraging hours o f  O ystercatcher w ith respect to  emersion tim e (%  tim e) and  
m axim al current velocity during an  average tide (cm /s). Predictions are based on the f u l l  annual m odel (Y 3 V M ). 
D o ts indicate the study p lo ts. The numbers n ex t to the boxes indicate the to ta l num ber o f  foraging hours in each 
combined in terva l o f  10%  emersion tim e an d  10  cm I  s  current velocity. The contour lines are derived from  an 
interpolation o f  the scores a n d fo r th is reason provide a  fa lse  sense o f  accuracy.
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Figure }-12. Tota/  foraging hours of Oystercatchers per tide per ha plotted against the biomass density o f Cockles. 
Each dot represents a study plot and plots o f different sites are distinguished with separate y  mho Is.
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Figure 3-13. Totalforaging hours o f Oystercatchers per tide per ha plotted against the biomass density o f Cockles. 
Each dot represents a study site.
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3.3.3 Avocet

3.3.3.1 P re y  c h o ic e

A ccording  to  the review  by L eopold  et a l  (2004) A vocet preferentially feed on the 
R agw orm  Nereis diversicolor. A vocets also regularly feed in shallow  water. W e have no  
d irec t observations o n  the  prey choice o f  the  Avocet.

3 .3 .3 .2  P h e n o lo g y

A vocet num b ers tend  to  peak  in late au tu m n  and  a low er peak occurs in early spring. 
N u m b ers  are low  during  w in ter and  su m m er (Tulp  et al. 2001). D u rin g  m ost counts, 
w e o bserved  hardly any A v o cets  in o u r study plots, b u t a peak n u m b er occurred in 
N o v em b er 2003 (Figure 3-14). T his is in line w ith  the general pattern , except that the 
varia tion  in num bers is m o re  ex trem e than in the  general pattern .

A v o c e t

t  400

2 200

S e p 0 3  Nov03 J a n 0 4  M ar04 A pr04 M ay04  SepG 4

Figure 3 -1 4 . The M a t num ber offoraging hours o f  A vocet during each o f  the observation periods. N ote that the 
number o f sites counted increased from  63 to 71 from  M ani) 2004 onwards. In January/ February 2004 only 4 8  sites could 
be counted due to bad weather conditions.

3.3 .3 .3  D is t r ib u t io n

W e could  n o t co n stru c t d istribu tion  m odels fo r A vocets, because they occurred too  
infrequently  in o u r study sites.
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3.3.4 Ringed Plover

3.3.4.1 P re y  c h o ic e

A ccord ing  to  the  review  by L eopold  et al. (2004) Ringed P lover usually take small 
w orm s; they found  no records o f  R inged P lover taking bivalves.

W e have only a few direct o bservadons o n  the prey choice o f  the  Ringed Plover, bu t 
they are in  line w ith the general p icture described above. O n  the H ooge Platen we 
o bserved  10 birds taking R agw orm s. O n  the  Plaat van Baarland w e observed  3 birds 
taking R agw orm s and  2  birds taking small unidentified w orm s.

3 .3 .4 .2  P h e n o lo g y

R inged P lover reach peak num b ers during  au tum n m igration in A ugust and 
S ep tem ber, w hereas num bers are very low  during  o th e r times o f  the  year, with the 
excep tion  o f  a  small peak in  M ay during  spring m igration (B errevoets et al. 2002). 
O u r  coun ts are in line w ith this general pattern , except th a t we observed  rather few 
birds in M ay (Figure 3-15).

R in g e d  P lo v e r

S e p 0 3  Nov03 Ja n 0 4  M ar04 Apr04 M ay04 S ep 0 4

Figure 3-15. The total number of foraging hours of Ringed Plover during each of the observation periods. Note 
that the number of sites counted increased from 63 to 71 during the study. In January/ Februar)’ 2004 not all sites 
could be counted due to bad weather conditions.

3.3 .4 .3  D is tr ib u tio n

F o r the  co u n ts  fo r w hich w e could co n stru c t a d istribution m odel, em ersion time, 
cu rren t velocity and  salinity significantly affected the d istribu tion  o f  R inged P lover in
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the  m ajority o f  cases (Table 3-8). T h e  deviance th a t w as explained was som etim es 
very high. H ow ever, it  is possib le  tha t this is a statistical arte fac t resulting from  a few 
co u n ts  w ith  high num bers. T h e  outliers in Figure 3-16 su p p o rt th is view.

T h e  full annual m odel includes em ersion  tim e, cu rren t velocity  and  salinity and  for all 
th ree variables the  p aram eter values indicate an o p tim um  curve (Table 3-9). T he 
sum m ary  g raph  suggests th a t R inged P lover have a quite narrow  d istribu tion  and 
o ccu r only in areas w ith ra th e r long  em ersion  tim es and  in term ediate  curren t 
velocities (Figure 3-16). T h e  co n to u r p lo t also indicates an  op tim um , b u t this 
o p tim u m  is ou tside  the  com bined  range o f  em ersion  tim e an d  cu rren t velocity in 
w hich  we d id  o u r m easurem ents o n  the  b irds (Figure 3-17).

T ab/e 3 -8 . M onthly distribution  m odels (M O V ; see m ethods fo r  details) fo r  the Ringed Plover. W e could not 
construct m odels fo r  M arch, A p r il an d  M ay 2 0 0 4 . A  %ero indicates th a t a  particu lar variable w as not included in

S ep03 N o v 0 3 J a n /F e b 0 4 S ep04

c o n s ta n t -12 .82 -12531 - 2 2 -222.3

E m e an 0 0 0 .3 0 8 2

E m e a n 2 0 .0 00516 0 -0 .02898 0

V m ean 0.875 —.642 0.546 1.521

V m e a n 2 -0 .01366 -0 .03769 0 -0 .01787

Salt 0 932.1 -4.19 12.5-1

Salt2 0 -17.34 0 -0 .2189

D ev ian ce
exp la in ed

43 .4% 9 8 .9 % 97 .4 % 66 .3%

Table 3 -9 . Param eter estim ates 
indicates th a t a  particu lar variable 
optim um  curve, they are shaded grr.

c the fu ll  annual distribution  m odel 
w as not included in  the f in a l mode

Ÿ.
c o n s ta n t -181.5

E m e an 0 .5 8 0

E m e a n 2 -0 .003

V m ean 1.047

V m e an 2 -0 . 0 1 2

Salt

Salt2 -0 .1 7 2

Sep 2 .417

N o v 1.069

Ja n 1.042

M ar -2 .320

A p r -6 .390

M ay 0

D ev ian ce
E x p la in ed

63 .7 %
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Figure 3-16. Distribution of Ringed Plover with respect to emersion time f/o time) and maxima! current velocity during an average 
tide (cm/ s). (a) Foraging hours as a function o f both variables as observed, (b) Foraging hours as a function of both variables as 
predicted, (c) Foraging hours as a function of emersion time, comparing observations and mode! predictions, (d) Foraging hours as a 
function o f current velocity, comparing observations and model predictions.
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Figure 3-17. Contour plot o f predicted foraging hours o f Ringed Plover with respect to emersion time (% time) and maximal 
current velocity during an average tide (cm/s). Predictions are based on the fu ll annual model (Y3VM). Dots indicate the study 
plots. The numbers next to the boxes indicate the total number o f foraging hours in each combined interval o f 10% emersion time 
and IO cm/s current velocity. The contour lines are derived from an interpolation of the scores andfor this reason provide a false 
sense o f accuracy.
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3.3.5 Grey Plover

3.3.5.1 Prey choice

A ccord ing  to  the  review  by L eopo ld  et aL (2004) G rey P lover preferentially  prey o n  
large w orm s, especially R agw orm s, b u t also take bivalves and  sm all w orm s. They 
rarely take crustaceans.

W e have only a few  direct observations o n  the  prey choice o f  G rey P lover, bu t they 
fit the general p a ttem  described  above. O n  the  H ooge P la ten  8 b irds w ere observed 
to  take R agw orm s. O n  the  P laat van  B aarland, 1 b ird  was observed  to  take 
R agw orm s and  3 b irds to o k  unk n o w n  w orm s.

3.3.5.2 Phenology

G rey  P lover are virtually absen t from  the  W esterschelde in Ju n e  an d  July. Peak 
num b ers o ccu r du ring  sp ring  m igration in May and  during  au tum n  m igration in 
S eptem ber. N u m b ers  are som ew hat low er during  late au tum n , w in ter an d  early 
sp ring  (B errevoets et al. 2002). In  o u r coun ts, high num bers in  S ep tem ber 2003 and 
May 2004 are in line w ith  this p a tte rn , b u t low  num bers in S ep tem ber 2004 and 
especially th e  peak  co u n t in M arch  2004 are n o t (Figure 3-18).

Grey P lover
1000<u

T3

S ep 0 3  Nov03 Jan 0 4  Mar04 Apr04 M ay04 S ep04

Figure 3-18. The to ta l num ber o f  foraging hours o f  G rey P lover during each o f  the observation periods. Xote that 
the number o f sites counted increased from  6 3  to ~ t from  March 2004 onwards. In January/February 2004 only 4 8  sites 
could be counted due to bad weather conditions.
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3.3.5.3 Distribution

G rey  P lover w ere sufficiently ab u n d an t in the  study plo ts to  construc t m odels for each o f  
the  co u n ts  (Table 3-10). N early always, em ersion  tim e, cu rren t velocity and  salinity had  a 
significant effect, b u t the shape o f  the  curves d iffered betw een m onths. A s a result, the 
full annual m odel, w hich also included  all th ree  variables (Table 3-11), explained m uch 
less o f  the  deviance than  m any o f  the  m odels for a particular m on th . A ccord ing  to 
p rev ious studies, G rey P lover o ccu r th ro u g h o u t the  estuary in spring and sum m er, b u t are 
con fined  to  the  saline w estern  p art in w in ter (Stuart et al. 1990; van K leunen  1999). T hus, 
a change in  d istribu tion  p a tte rn  cou ld  be real, b u t the  re la tionsh ip  w ith  salinity th a t we 
o bserved  in January  is very likely a statistical artefact.

G rey  P lover d id  n o t o ccu r in areas w ith  sh o rt em ersion tim es and  high cu rren t velocities 
(Figure 3-19). Y an K leunen (1999) did n o t observe a clear relationship w ith em ersion 
tim e, b u t h is data suggested a s tro n g  preference fo r m uddy areas. T h e  full annual m odel 
ind icated  optim al values fo r in term ediate  em ersion  tim es an d  low  cu rren t velocities, 
co rresp o n d in g  to  high silt co n ten t (Table 3-11, F igure 3-20). T hese values are w ithin the 
com bined  range o f  em ersion tim e and  cu rren t velocity o v er w hich w e collected data.

Table 3-10. Monthly distribution models (M OV; see methods for details) fo r the Grey Plover A  tyro indicates that a particular

S ep03 N o v 0 3 J a n /F e b 0 4 M ar0 4 A p r0 4 M ay04 Sep04
c o n s ta n t -63.6 -45.4 3011 -277 .2 -4737 -149 .2 -37.2
E m e a n 0 .3 6 5 2 1.814 3.629 0 .584 0 0 0 .1624

E m e a n 2 0 -0 .01757 -0.02893 -0 .00379 -0 .00632 -0 .0 0 0 8 0

V m e a n 1.106 0 0 0 0 0 .176 0 .958
V m e a n 2 -0 .0 1 2 4 6 0 0.01291 0 .00208 -0 .01096 -0 .00366 -0 .01024

Salt 0 .832 0 -227 .2 18 323 11.47 0.33
Salt2 0 0 4.08 -0 .313 -5.48 -0 .2143 0

D e v ian c e
ex p la in ed

6 3 .7 % 28 .1% 6 8 .7 % 6 3 .4 % 4 4 .0 % 3 2 .6 % 28 .5%

Table 3-11. Parameter estimates o f the fu ll annual distribution model (Y3VM ) for the Grey Plover. A  ~ero 
indicates that a particular variable was not included in the fina! model When the parameter values indicate an

c o n s ta n t - 1 1 1

E m e a n 0 .4 2 7

E m e a n 2 -0 .003

V m ean 0.074

V m e an 2 0 . 0 0 0

Salt 6 .870

Salt2 -0 .1 2 1

Sep 0 . 0 0 0

N o v -1 .180

J a n 0 . 0 0 0

M ar 0.782

A p r -2 .930

M ay 0

D ev ian ce
E x p la in ed

27 .6 %
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Grey Plover

Flow velocity (cm/s)

Figure 3-19. Distribution of Grey Plover with respect to emersion time (% time) and maxima! current velocity 
during an average tide (cm/s), (a) Foraging hours as a function of both variables as observed, (b) Foraging hours 
as a function of both variables as predicted, (c) Foraging I.'tours as a function of emersion time, comparing 
observations and model predictions, (d) Foraging hours as a function of current velocity, comparing observations and 
mode! predictions.
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Figure 3-20. Contour plot o f predicted foraging hours o f Grey Plover with respect to emersion time (% time) and 
maximal current velocity during an average tide (cm/s). Predictions are based on the fu ll annual model (Y3VM). 
Dots indicate the study plots. The numbers next to the boxes indicate lise total number o f foraging hours in each 
combined interval o f 10% emersion time and IO cm/s current velocity. The contour lines are derived from an 
interpolation of the scores and for this reason provide a false sense o f accuracy.
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3.3.6 Knot

3.3.6.1 P rey  choice

K n o t usually prey  o n  bivalves and  the  relatively thin-shelled Baltic Tellin are 
p referred , b u t the birds can also feed o n  small Cockles and M ussels (Leopold et al. 
2004). K n o ts  are unique in tha t they hardly ever prey o n  w orm s.

W e have n o  d irect observations o n  the prey choice o f  K not.

3 .3 .6 .2  P h e n o lo g y

H igh num bers o f  K n o t occur in the D elta  betw een O c to b e r and M arch (B errevoets 
et ul. 2002). T his pattern  is n o t observed  in o u r  coun ts, w here we had a massive influx 
o f  K no ts in o u r study sites in N o v em b er 2003 and observed  only a few  birds, o r  no 
b irds a t all, d u rin g  the o th e r co u n ts  (Figure 3-21). In  the  w estern  W adden Sea, and 
p robably  in  the  D elta  area as well, K n o ts  feed in large flocks tha t roam  o v er large 
d istances (P iersm a et al. 1993). W h eth er o r n o t a  flock lands to  feed in a particular 
area is partly a m atter o f  chance.

4 0 0 0
■a
' f  3 5 0 0

a  3 0 0 0  
1C
g  2 5 0 0

w 2000 
c

g» 1 5 0 0

«2 1000 H-
g  5 0 0

M 0

Figure 3 -2 1 . The to ta l num ber o f  foraging boars o f K not during each o f the observation periods. N o te  th a t the 
num ber o f  sites counted increased fro m  6 3  to  71 fro m  M arch 2 0 0 4  onwards. In January/F ebruary 2 0 0 4  only 4 8  
sites could be counted due to  bad  w eather conditions.

3 .3 .6 .3  D i s t r ib u t io n

E m ersion  tim e, cu rren t velocity and salinity significantly influenced the distribution 
o f  K n o t in the  six coun ts fo r w hich it p roved  possible to  build a d istribution  m odel 
(Table 3-12). T h e  sam e variables were also included in the  full annual m odel (Table

K n o t

S e p 0 3  N ov03  J a n 0 4  M ar04  A p r0 4  M ay04 S e p 0 4
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3-13). T he am o u n t o f  deviance th a t was explained by the m on th ly  m odels varied 
betw een 28%  and 83%.

W hen  the p aram eter estim ates are exam ined  in  m o re  detail w e find th a t on ly  in a 
minority' o f  cases an  o p tim u m , o r  a truncated  o p tim um  is indicated  (Table 3-12). 
S tuart et al. (1990) only o bserved  K n o ts  in  the  m o u th  o f  the W esterschelde, so  it is 
surprising  tha t we find an  o p tim u m , instead  o f  a m o n o to n ie  increase in num bers with 
salinity.

F igure 3-22 suggests th a t K n o t o ccu r in a  ra th e r narrow  range o f  habitats with 
in term ediate  em ersion  tim es and  in term ediate cu rren t velocities. F igure 3-22 also 
show s tha t there  are a few  ex trem e da ta  po in ts  an d  these probably  caused m odels 
th a t d id  n o t p red ic t o p tim um  curves inside the  narrow  range tha t visual inspection  o f  
the  data suggests. T h e  ex trem e data po in ts  are p robab ly  also responsib le  fo r the fact 
tha t the  full annual m odel p red ic ted  m axim al densities ou tside the  com bined  range o f  
em ersion  tim e and  cu rren t velocity o v e r w hich we collected d ata  (Figure 3-23).

Table 3-12. Monthly distribution models (M OV; see methods for details) for the Knot. We could not construct a 
model for April 2004. A  %ero indicates that a particular variable ivas not included in the fina! modeI When the 
parameter values indicate an optimum curve, they are shaded grey.

S ep 0 3 N o v 0 3 J a n /F e b 0 4 M ar04 M ay04 S ep 0 4

c o n s ta n t -192.3 583 -40487 -734 -235.1 -37.2

E m ean 0 -0.3071 0 8 .6 6 0.08 0

E m e a n 2 0 0 -0 .01371 -0 .0745 0 0 .001776  

-0 .0 1 8 3 7 ' I

V  m ean 0 0 35.5 0.442 0 .2429

V m e an 2 -0 .01385 -0.0088 -0 .553 0 0

Salt 0 -41 2 97 3 33 .45 15.95 0.364

Salt2 0.219 0.747 -55.1 -0 .589 -0 .282 0

D e v ian c e  exp la ined 6 8 .5 % 50 .0% 8 3 .2 % 61 .9 % 2 8 .2 % 40,0°/..

78 A lterra-rapport 1193



Flo* veiociy (ante)

a .
C
3O

1

Emersion tine %

Emerson tine (% of tone)

Flo* veiady (ante)

1200

400

M » ■■
jioc*y(ante)

Figure 3-22. Distribution of Knot with respect to emersion time (% time) and maxima/  current velodty during an average tide 
(cm/s). (a) Foraging hours as a function of both variables as observed, (b) Foraging hours as a function of both variables as 
predicted, (c) Foraging /sours as a function of emersion time, comparing observations and model predictions, (d) Foraging hours as a 
function of current velodty, comparing observations and model predictions. Ivonne
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Figure 3-23. Contour plot ofpredicted foraging hours o f Knot with respect to emersion time (% time) and maximal current velodty 
during an average tide (cm/s). Predictions are based on the fu ll annual model (Y3VM). Dots indicate the study plots. I he 
numbers next to the boxes indicate the total number o f foraging /sours in each combined interval o f 10% emersion time and !0 
cm/ s current velocity. The contour lines are derived from an interpolation o f the scores and for this reason provide a false sense of 
accuracy.
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Table 3-13. Parameter estimates of the fu ll annua! distribution model (Y3VM ) for the Knot. A  -~ero indicates that a 
particular variable was not included in the fina! modeI When the parameter values indicate an optimum cum. they are shaded

c o n s ta n t 183

E m e a n -0.205

E m e a n 2 0

\  m ean 0 .52

3 m e a n 2 -0 .0125

Salt -12 .7

Salt2 0.228

Sep 0

N o v 3.69

Ja n 1.14

M ar 0

A p r -2 .4 8

M ay 0

D ev ian ce
E x p la in ed

52 .9%

3.3.7 Sanderling

3.3.7.1 Prey choice

T h e  Sanderling is a ra th e r o p p o rtu n is tic  species th a t feeds o n  any th ing  edible w ashed 
o n  the  beach. A ccord ing  to  L eopo ld  et a l (2004) the w orm  (.Aeololepis squamata) is 
o ften  m entioned  as prey, b u t they could  n o t trace the  original o b servadon , o th e r than 
th a t this is the  m o st co m m o n  w orm  o n  th e  beach.

W e have n o  d irec t observations o n  the prey choice o f  d ie  Sanderling.

3.3.7.2 Phenology

Sanderlings reach high num b ers during  sp ring  m igration  in M ay an d  occur in 
relatively low  num b ers in the  W esterschelde during  o th e r tim es o f  the  year 
(B errevoets et al. 2002). O u r  coun ts in the  p lo ts  bear som e resem blance to  this 
p attern . In  m any  m o n th s, w e d id  n o t  co u n t any Sanderlings and  h ighest num bers 
w ere coun ted  in  May (Figure 3-24). H ow ever, num bers co u n ted  in N o v em b er were 
sim ilar to num bers co u n ted  in  Mav.
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Figure 3 -2 4 . The to ta l num ber o f  foraging hours o f  Sanderling during each o f  the observation periods. N o te  that 
the num ber o f  sites counted increasedfrom  6 3  to  71 fro m  M arch 2 0 0 4  onwards. In January/F ebruary 2 0 0 4  only 
4 8  sites could be counted due to bad  w eather conditions.

3.3 .7 .3  D is tr ib u tio n

F o r Sanderling we could  only co n stru c t a m odel fo r S ep tem ber 2004 (Table 3-14), 
w hich  included em ersion  tim e, cu rren t velocity and  salinity. T h e  full annual m odel 
did incorporate  data o f  o th e r m o n th s and  differed qualitatively from  the  m odel for 
S ep tem ber 2004 (Table 3-15). S tuart et  al. (1990) did n o t observe Sanderlings in the 
brackish eastern  part o f  the  W esterschelde, b u t n o  clear p reference for either the 
central o r  w estern  p art o f  the  area.

Table 3 -1 4 . M onthly distribution models (M OV; see methods fo r  details) f o r  the Sanderling. W e could only 
construct a  m odel fo r  Septem ber 2 0 0 4 . A  %ero indicates th a t a  particu lar variable w as not included in  the pina!

S ep04

C o n s ta n t 968

E m ean 5,5

E m e an 2 -0 .0 5 6 6  I

V m ean -1 .277

V m e an 2 0

Salt -78

Salt2 1.418

D ev ian ce
ex p la in ed

63 .7%
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Table 3 -1 5 . Para/Heter estim ates o f  the fu ll annual distribution m ode! (Y 3 V M ) fo r  the Sanderling. A  %ero 
indicates th a t a  particu lar variable w as n o t included in  the fin a ! model. W hen the param eter values indicate an 
optim um  curve, they are shaded »rey.
c o n s ta n t 1300

E m e an 0.361

E m e a n 2 -0 .0 0 1 7 5

V m ean 0 .623

V m e an 2 -0-00493

Salt - 1 0 1 .0

Salt2 1.89

Sep -2 .1 1

N o v 0 .0 0

Ja n -9.50

M ar -10 .40

A p r -10 .40

M ay -0 .032

D ev ian ce
E x p la in ed

63 .4 %

3.3.8 D unlin

3.3.8.1 Prey choice

D unlin  feed m ostly  o n  small w orm s, i.e. small individuals o f  species like Nereis and 
Lanice, b u t can also take sm all bivalves and  crustaceans (Leopold et a i 2004). W e have 
no  d irect observations o f  the  prey  choice o f  D unlin.

3.3.8.2 Phenology

D u n lin  are virtually ab sen t from  the W esterschelde in the  period  Ju n e-S ep tem b er and 
th en  increase to  high num bers in late au tu m n /early  w in ter afte r w hich num bers 
decline again (B errevoets et al. 2003). T h is  seasonal pattern  is also reflected in 
observations in the study plo ts (Figure 3-25).
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Figure i -2 5 .  T he to ta l num ber o f  foraging hours o f  D unlin during each o f the observation periods. N o te  th a t the 
num ber o f  sites counted increasedfrom  6 3  to  71  fro m  M arch 2 0 0 4  onwards. In January/F ebruary 2 0 0 4  only 4 8  
sites could be counted due to  bad  rveather conditions.

3.3 .8 .3  D is tr ib u tio n

E m ersion  rim e, cu rren t velocity and  salinity significantly influenced the  d istribu tion  
o f  D unlin  in the  six co u n ts  for w hich it p roved  possible to  build a d istribution m odel 
(Table 3-16). T h e  sam e variables w ere also included in the  full annual m odel (Table 
3-17). T h e  am o u n t o f  deviance tha t w as explained by the m onthly  m odels varied 
betw een  37%  and  94% . In  slighdy m o re  than  h a lf the  cases, the  param eter values 
indicated  an  o p tim um  curve (Table 3-16) and  in the full annual m odel, an op tim um  
curve was im plicated fo r all th ree variables (Table 3-17).

S tuart et al. (1990) only observed  D unlin  in the saline w estern  part o f  the 
W esterschelde, b u t V an K leunen  (1999) also observed  D unlin  in the central part. 
W ith regard to  em ersion  rime and  cu rren t velocity (a proxy fo r silt con ten t), o u r 
results (Figure 3-26) are slighdy d ifferen t from  those  o f  V an K leunen  (1999), w ho 
observed  m axim al densities in areas w ith em ersion rimes exceeding 60%  and silt 
co n ten ts  exceeding 50%.

T h e  co n to u r p lo t indicates th a t maximal num bers o f  foraging hours are predicted  
w ith in  the com bined  range o f  em ersion tim e and cu rren t velocity o v er w hich we 
collected data (Figure 3-27).

Dunlin

S e p 0 3  N ov03 J a n 0 4  M ar04  A pr04  M ay04 S e p 0 4
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T able 3 -16 . M onthly distribution  m odels (M O V ; see m ethods fo r  details) f o r  the D unlin. I t w as not possible to 
construct a  m odel fo r  A p r il 2 0 0 4 . A  %era indicates th a t a  particu lar variable w as not included in  the f in a l model. 
W hen the param eter values indicate an  optim um  curve, they are shaded grey.______________

S ep 0 3 N o v 0 3 J a n /F e b 0 4 M ar0 4 M ay04 S cp04
C o n s ta n t -78 .49 -251 -23.4 -306.1 -257 .5 -40.8

E m e a n 0 .619 1.244 0 .7 /6 0 .2117

E m e a n 2 0 -0 .02153 -0 .0117 -0 .00554 -0 .0 0 9 1 6 n
V m ean 0 .9 6 2 0 0 11.541 0 .1169

V m e an 2 -0 .0 0 9 4 4 0.001871 0 -0 .0 0 8 0 6 0 -0 .01791
Salt 0 13.59 -0 .1478 19.45 16.61 0

Salt2 0 .02899 -0.2411 0 -0.341 -0.301 0 .00674

D ev ian ce
ex p la in ed

9 4 .3 % 51 .9% 37 .5% 6 4 .3 % 3 6 .9 % 3 6 .9 %

T able 3 -1 7 . Param eter estim ates o f  the f u l l  annual distribution  m odel (Y 3 V M ) fo r the D unlin. A  %ero indicates 
th a t a  p articu lar variable w as not included in  the fin a ! model. W hen the param eter values indicate an  optimum

C o n s ta n t -169

E m e an 1.180

E m e a n 2 -0 .0104

V m ean 0 .1 5 2

V m e a n 2 -0 .00125

Salt 9 .68

Salt2 -0 .1 7 2

Sep -0 .649

N o v 2.25

Ja n 2.37

M ar 1 .8 6

A p r -2.67

M ay 0

D ev ian ce
E x p la in ed

57 .8°/.
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Figure 3 -2 6 . D istribu tion  o f  D unlin w ith respect to  emersion tim e (%  tim e) a n d  m axim al current velocity during an average tide 
(cm I 's). (a) Foraging hours a s a  function o f  both variables as observed, (b) Foraging hours a s a  function o f  both variables as 
predicted, (c) Foraging hours a s a  function o f emersion tim e, comparing observations an d  m ode! predictions, (d) Foraging hours a s a 
function o f  current velodty, comparing observations and m ode!predictions.
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Figure 3 -2 7 . C ontour p lo t o f  predicted foraging hours o f  D unlin w ith respect to emersion tim e (°/o tim e) an d  m axim al current 
velodty during an average tide (cm /s ) . Predictions are based on the fu ll annual m odel ( Y 3 V M ) .  D ots indicate the study p lo ts. The 
numbers n ex t to  the boxes indicate the to ta l num ber o f  foraging hours in  each combined in terval o f  10%  emersion tim e and 10  
c m /s current velodty. The contour lines are derived from  an interpolation o f  the scores a n d fo r th is reason provide a  fa lse  sense o f  
accuracy.
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3.3.9 Bar-tailed Godwit

3.3.9.1 Prey choice

A ccording  to  the review  o f  L eopo ld  et al. (2004) Bar-tailed G odw its  can feed o n  a 
w ide range o f  prey species. Usually, w orm s like Nereis, Nephtys and  Scoloplos are die 
staple food; several species o f  bivalve are also regularly taken.

W e have only a few  direct observations o n  die prey  choice o f  Bar-tailed G odw it, bu t 
they are in line w ith the  above descriprion o f  the diet. O n  the R ug van Baarland, 2 
b irds to o k  Balde Tellin. O n  the  H ooge P laten , 4  b irds to o k  Baltic Tellin an d  5 birds 
to o k  Ragw orm .

3.3.9.2 Phenology

T h e  phenology  o f  the  Bar-tailed G o d w it is very sim ilar to  the  pheno logy  o f  the 
Sanderling: high num bers in May during  spring m igration and  low  num bers during 
o d ie r  tim es o f  the  year (B errevoets et al. 2002). A s w ith  th e  Sanderling, the pattern  in 
o u r observations resem bled  this pattern , except for N o v em b er w hen  w e also counted 
high num bers (Figure 3-28). In  fact, the foraging ho u rs  tha t we observed  in 
N o v em b er 2003 w ere d oub le  the n u m b er th a t w e observed  in May 2004.

B a r- ta i le d  G o d w i t
1000<uT3 
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Figure 3 -28 . The to ta l num ber o f  foraging hours o f  B ar-ta i leei G odw it during each o f  the observation periods. N ote  
th a t the num ber o f  sites counted increased fro m  6 3  to  71  fro m  M arch 2 0 0 4  onwards. In Januar)’/  February’ 2 0 0 4  
only 4 8  sites could be counted due to  bad w eather conditions.

L £ ................ :........ -___ ___________________  . - I
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3.3.9.3 Distribution

In  m o st o f  the six m o n th s fo r  w hich  w e cou ld  construc t a d istribu tion  m odel, 
em ersion  tim e, cu rren t velocity and  salinity had  a significant effect (Table 3-18). In  
tw o o f  the  m onth ly  m odels, cu rren t velocity was n o t included, and  it also fell o u t o f  
the  full annual m odel (Table 3-19).
Figure 3-29 suggests d ia t Bar-tailed G odw its  o ccu r in a narrow  range o f  interm ediate 
cu rren t velocities and  em ersion tim es. Y et, in only slightly m ore than  h a lf o f  the 
cases d id  the  m on th ly  m odels p red ic t an  o p tim um  curve fo r these variables.

E v en  th o u g h  cu rren t velocity' is n o t included in the full annual m odel, the  co n to u r 
p lo t suggests an  o p tim um  fo r cu rren t velocities betw een  15 and  50 c m /s  (Figure
3-30). W e suspec t this is due to  an underlying correlation betw een cu rren t velocity 
an d  salinity.

Table 3 -1 8 . M onthly distribution  m odels (M O V ; see m ethods fo r  details) fo r  the B ar-tailed G odw it. W e could 
not construct a  m odel fo r  A p r il  2 0 0 4 . A  zero indicates th a t a  particu lar variable w as not included in  the fin a !

S ep 0 3 N o v 0 3 J a n /F e b 0 4 M ar04 M ay04 S ep 0 4

c o n s ta n t 291 240 -660766 -43 .4 134.5 -72.8

E m e a n 0 2.322 11.71 0 1.116 0.3667

E m e a n 2 0 -0 .02295 -0.207 0 . 0 0 0 0 1 2 -0 .01044 0

V m e an 0.2 8 6 0 0 1.729 0 1.671

V m e an 2 -0 .0 0 8 9 5 0 0 -0.0351 -0 .00277 -0 .01669

Salt -21 .55 -23.1 4 3 2 8 2 0.838 -12.05 0

S alt2 0 .3 9 4 0.442 -709 0 0 .2249 0 .02134

D ev ian ce
ex p la in ed

28 .4% 83 .6% 96 .0% 4 3 .4 % 57 .4% 55 .1%

Table 3 -1 9 . Param eter estim ates o f  the fu ll  annua! distribution m ode! (Y 3 V M ) fo r  the B ar-tailed G odw it. A  
%ero indicates th a t a  particu lar variable w as not included in  the fin a I model. W hen the param eter values indicate

¿ny-
C o n s ta n t 24.6

E m e a n 1.08

E m e a n 2 -0 .0 1

V m ean 0

V m e a n 2 0

Salt -4 .46

Salt2 0.092

S ep -1.51

N o v 0.592

J a n - 1 .8 6

M ar -1 .15

A p r -2 .74

M ay 0

D ev ian ce
E x p la in ed

59 .8%
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i-29. Distribution of Bar-tailed Godwit with respect to emersion time (% time) and maximal current velocity during an 
average tide (cm/s), (a) Foraging hours as a function o f both variables as observed, (b) Foraging hours as a function o f both 
variables as predicted, (c) Foraging hours as a function of emersion time, comparing observations and model predictions, (d) 
Foraging hours as a function of current velocity, comparing observations and model predictions.

FOH In cells with th is characteristic 
I  613 ■  545 ■  477 ■  409 |  341
I 272 B  204 □  136 □  61 □  °
All Intervals: 10 units width (% U cm/s]

Bar-tailed Godwit foraging hours

Emersion time (%)

Figure 5-30. Contour plot of predicted foraging hours o f Bar-tailed Godwit with respect to emersion time (% time) and maximal 
current velocity during an average tide (cm/s). Predictions are based on the fu ll annual model (Y3VM). Dots indicate the study 
plots. Tlx numbers next to the boxes indicate the total number o f foraging hours in each combined interval of 10% emersion time 
and 10 cm/s current velocity. The contour lines are derived from an interpolation of tlx scores and for this reason provide a false 
sense of accuracy.
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3.3.10 Curlew

3.3.10.1 Prey choice

T h e  prey choice o f  C urlew s has been  extensively stud ied  in  the  N etherlands. T hese 
studies included bo th  m uddy  areas: the  Frisian coast near Paesens M oddergat (E ns & 
Z w arts  1980; E n s  &  de Vries 1983; Z w arts &  W anink  1984), the  G ron ingen  coast 
(de Vlas 1970), the very m uddy  D ollard  area (Esselink &  van  Belkum  1986), the 
m uddy and  brackish  V entjagersplaten  (Z w arts 1974), as well as m o re  sandy m ud flats 
close to  V lieland (van d e r  Baan e t  al. 1958), S ch ierm onnikoog  (V oss &  K oolhaas 
1969; Roselaar 1970) and  A m eland (K ersten  &  P iersm a, in Sm it &  W o lff (1981)). 
P rey  choice o f  Curlew s has also been  studied in G erm any  (H öfm ann  & 
H oerschelm ann  1969; K n ie f 1987; Petersen  &  E x o  1999), D enm ark  (Kiis 1986), and 
the  U nited  K ingdom  (G oss-C ustard  &  Jo n es 1976; C ram p & S im m ons 1983; Evans 
el al. 1979), includ ing  a study by  G oss-C ustard  &  Jo n es  (1976) o n  ddal flats w ith a 
h igh density  o f  Lanice w here 70%  o f  the  prey  taken consisted  o f  Lanice, and  the 
rem ainder o f  the  prey consisted  o f  Shorecrabs. F ro m  this w ork, based o n  a large 
n u m b er o f  observations and  analyses o f  pellets, faeces and  stom achs, a very diverse 
d ie t em erges, consisting  o f  a diversity  o f  bivalves (with M ya being  the  m ost im p o rtan t 
species though), a variety o f  large w orm  species (mainly Nereis and  to a  lesser ex ten t 
Arenicola and  Lanice) and  ab o u t 20%  o th e r prey, m ainly Shorecrabs (a preferred  prey 
in su m m er and  early autum n) and  occasionally shrim ps. Curlew s also regularly feed in 
m eadow s o n  earthw orm s and  o th e r  m eadow  prey, especially w hen  these m eadow s 
are w e t as happens during  storm y w eather in au tum n and  spring. As long  as the 
m eadow s d o  n o t freeze, they are a good  alternative feeding place w hen  the m ud flats 
are n o t available for feeding. Being large, C urlew s need large prey to  survive, so they 
can n o t survive o n  small w orm s o r m u d  snails.

A ccord ing  to  o u r  ow n observations, R agw orm s w ere the  m ost im p o rtan t prey item  
in  the  W esterschelde, follow ed by Shorecrabs and bivalves (Table 3-20). T hese 
findings fit well w ith observations o n  the  V entjagersplaten, w here a lm ost n o  o th er 
prey  than  Nereis were taken (Zw arts 1974) and  an analysis o f  C urlew  faeces in the 
W esterschelde, indicating Nereis and  Shorecrabs as the main prey (Ruiters 1992). 
W hen Curlew s ingest shells o f  Macoma this is o ften  as g rit for their gizzard, so the 
observation  o f  Ruiters (1992) o f  Macoma fragm ents shou ld  n o t lead us to  believe tha t 
Macoma is an  im p o rtan t prey item . T h e  g reater em phasis o n  w orm s com pared  to  
o th e r  studies could  be due to  the fact tha t the  m ost ab u n d an t bivalve in the 
W esterschelde, the Cockle, is n o t a regular prey item  o f  Curlews.
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Table 3-20. Observations o f prey species taken ly  Curlew feeding in the study sites. For each location the number

P la a t van 
B aarland

H o o g e
P la ten

Pau lina
s c h o r

R u g  van  
B aarland

to ta l %

M ya arenaria 0 2 0 0 2 2 %

M acoma balthica 0 0 1 0 1 1 %

Scrobicularia plana 0 2 0 1 3 3 %

U n k n o w n  b ivalve 4 0 0 0 4 4 %

Cerastoderma edule 0 0 0 4 4 4 %

Carcinus maenas 1 17 2 2 2 2 2 0 %

Arenicola marina 0 2 0 0 2 2 %

N ereis diversicolor 2 26 3 32 63 5 7 %

U n k n o w n  w o rm 3 0 0 0 3 3 %

Sm all prey 1 0 0 5 6 5 %

3.3.10.2 P h e n o lo g y

T h e  seasonal p a tte rn  in the  n u m b er o f  Curlew s in the  D elta  area hasn ’t changed 
during  the  last decades (B errevoets et a l 2001): a few sum m ering  b irds in May and 
Ju n e , highest num bers in late su m m er and  early au tum n, low er num bers in m idw inter 
and  a second  peak in  early spring, w hich is low er than the  peak in au tum n. T his 
p a tte rn  is also reflected in the  n u m b er o f  b irds co u n ted  during  low  tide in the  study 
sites, except fo r the ra th e r low  num b ers co u n ted  in M arch 2004 (Figure 3-31).
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Curlew

Figure 3 -31 . The to ta l num ber o f  foraging hours o f  C urlews during each o f  the observation periods. N o te  th a t the 
num ber o f sites counted increased fro m  6 3  to  71 fro m  M arch 2 0 0 4  onwards, ln  Januar)’/  February 2 0 0 4  only 4 8  
sites could be counted due to  bad  w eather conditions.
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3.3.10.3 Distribution

F o r the  C urlew , w e could  co n stru c t a m onthly  d istribu tion  m odel fo r six counts. 
E m ersio n  tim e, cu rren t velocity an d  salinity w ere nearly always included (Table 3-21). 
All th ree  variables w ere also included  in th e  full annual m odel (Table 3-22). M ore 
o ften  th an  n o t, the  shape o f  the curves was n o t  a n  optim um .

F igure 3-32 show s that Curlew  occu rred  o v er a b road  range o f  em ersion  tim es and 
cu rren t velocities, (van K leunen  1999) also observed  th a t this species occurred 
th ro u g h o u t the  estuary w ith  n o  s tro n g  relationships w ith  either em ersion  tim e, silt 
c o n ten t o r  salm in-. T h e  latter is also app aren t from  the data p resen ted  by (Stuart et al. 
1990).

S ince the  full annual m odel includes a  U -shaped  function  fo r em ersion tim e, maximal 
densities are p red ic ted  fo r very low  and  very high values o f  em ersion  tim e, w hich are 
ou tside  the  range o v er w hich w e collected in fo rm ation  o n  bird densities (Figure 3- 
33).

Table 3-21. Monthly distribution models (M OV; see methods for details) for the Curlew. We could not construct 
a model for March 2004. A  syro indicates that a particular variable was not included in the fina! model. When 
the parameter values indicate an optimum curve, they are shaded grey._________________________________

Sep03 N o v 0 3 J a n /F e b 0 4 A p r0 4 M av04 Sep04

c o n s ta n t -11 .46 2.491 -544 17.56 124.2 7.54

E m e a n 0 -0 .097 0 -0 .2323

E m e a n 2 -0 .00299 -0 .00006 -0 .01217 0 .0004 -0 .00028 0 .002456

V m e an 0.267 0 0 -0 .266 0

V m e a n 2 -0 .00522 0 0.00325 0 .00446 0 -0 .00439

Salt 0 0 -0 .4253 -9.11 0

Salt2 0 -0 .0 0 1 0 1 -0 .623 0 0 .1652 - 0 .0 0 2 2

D e v ia n c e  ex p la in ed 53 .5% 1 .8 % 74.8% 6 7 .0 % 36 .3% 4 9 .1 %

Table 3-22. Parameter estimates of the fu ll annual distribution model (Y3VM ) for the Curlew. A  tyro indicates 
that a particular variable was not included in the fina! model. When the parameter values indicate an optimum 
curve, they are shaded grey.___________
c o n s ta n t 3 .950

E m e a n -0 .157

E m e a n 2 0 . 0 0 2

V m ean 0 . 1 2 2

V m e a n 2 -0 .003

Salt 0

Salt2 -0 . 0 0 2

Sep 2 .920

N o v 1.240

J a n 0 .8 8 0

M ar 0.806

A p r 0

M ay 0

D e v ian c e  E x p la in ed 53 .8%
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C urlew

Figure 3 -3 2 . D istribu tion  o f  C urlew  w ith respect to emersion tim e (%  tim e) und m axim al current velodty during an  average tide 
(cm / s). (a) Foraging hours a s a  function o f  both variables a s observed, (b) Foraging hours a s a  function o f  both variables as 
predicted. (c) Foraging hours a s a  function  o f  emersion tim e, comparing observations an d  m odel predictions, (d) Foraging hours a s a  
function o f  current velodty. comparing observations and m ode! predictions.

Curlew foraging hours
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Figure 3 -3 3 . C ontour p lo t o f  predicted foraging hours o f  Curlew w ith respect to  emersion tim e (°/o tim e) an d  m axim al current 
velodty during an  average tide (cm /s). Predictions are based on the fu ll annual m odel (Y 3 V M ). D o ts indicate the study p lo ts. The 
numbers n ex t to  the boxes indicate the to ta l num ber o f foraging hours in  each combined in terval o f  10%  emersion tim e an d  IO  
cm / s  current velodty. The contour lines are derived from  an  interpolation o f  the scores an d  fo r th is reason provide a  fa lse  sense o f 
accuracy.
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3.3.11 Redshank

3.3.11.1 Prey choice

R edshank  feed o n  the  o n e  hand o n  several w o rm  species and  o n  the  o th e r hand  on  
several species o f  crustaceans (Leopold et a l 2004). W e have n o  direct observations 
o f  the  prey choice o f  Redshanks.

3.3.11.2 Phenology

F ro m  S ep tem ber to  February  the  num ber o f  R edshanks in the W esterschelde is 
generally low. N u m b ers  are h igher from  M arch to  Ju n e  and  peak num bers are 
reached in July  (B errevoets et al. 2002). W e did n o t co u n t during  the m onths that 
peak num b ers are reached and fo r the m o n th s  th a t w e did coun t, the pattern  is 
o p p o site  to  the trend  described above. In  several m o n th s during  au tum n and  w inter, 
especially Jan u ary  2004, w e coun ted  m ore b irds th an  during  spring (Figure 3-34).
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■o

S 1000
Q .

§  8 0 0
0JZ
01 6 0 0  
c
oi
E  4 0 0
a
o 200 
E
w 0

Figure 3-34. The total number o f foraging hours o f Redshank during each of the observation periods. Note that 
the number o f sites counted increased from 63 to 71 from March 2004 onwards. In January/February 2004 only 
48 sites could be counted due to bad weather conditions.

3.3.11.3 D istribution

T h e  m ost strik ing aspect o f  the m onthly  m odels and  the  full annual m odels is the 
extrem ely high percentage o f  the deviance tha t these m odels explained (Table 3-23, 
T ab le  3-24). F o r the m onthly  m odels this varied betw een 55%  and 92% , and the 
value fo r the full annual m odel was 74% . T h e  cause o f  this is tha t the Redshank 
consisten tly  occurred  in areas with low cu rren t velocities (i.e. m uddy areas) and  long

R e d s h a n k

S e p 0 3  N ov03 J a n 0 4  M ar04  A pr04 M ay04 S e p 0 4
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em ersion times (Figure 3-35). In  his tex t V an K leunen  (1999) concludes that 
Redshank are m ost co m m o n  in m uddy areas w ith a long  em ersion  tim e, in line with 
o u r observations. H ow ever, his graph  indicates a preference fo r  sh o rt em ersion 
tim es. W ith  regard to  salinity V an K leunen (1999) concludes a preference for high 
salinities, b u t this is con trad ic ted  by S tuart et al. (1990) w ho  found  high num bers in 
the  eastern  brackish part and  it is also n o t in line w ith o u r observations (the full 
annual m odel does n o t include salinity).

T h e  full annual m odel does n o t include op tim um  curves, b u t increasing num bers o f  
foraging hours w ith decreasing em ersion tim es and especially w ith decreasing current 
velocities. A s a result, maximal densities are pred ic ted  outside the  com bined  range o f  
em ersion tim e and cu rren t velocity o v er w hich we collected d ata  (Figure 3-36). W e 
have n o  explanation  for the  d iscrepancy betw een the  m onth ly  m odels an d  the full 
annual m odel.

Table 3-23. Monthly distribution models [MOV; see methods for details) for the Redshank. A  3ero indicates 
that a particular variable was not included in the final modeI When the parameter values indicate an optimum 
cum, they are shaded g r e y ._______________ _____ ________________________________________

S ep03 N o v 0 3 J a n /F e b 0 4 M ar04 A p r0 4 M ay04 Sep04

c o n s ta n t -111 .9 2.827 -7625 -309 228 129.8 7.5

E m ean 0 0 0 1.244 0  _
E m e a n 2 -0 .03301 0 -0 .0923 0.001051 -0 .00368 -0 .01276 -0 .00088

V m ean -0 .2146 -0 .0857 -0.0851 0 -0 .3458 0

V m e an 2 0 4 1 0 1 9 9 8 0 0 -0 .01225 0 -0 .00594

Salt 0 0 -14 .15 -11.07 0

Salt2 0 0 - 1 0 -0.394 0.241 0.204 0

D ev ian ce
exp la in ed

7 8 .6 % 8 3 .3 % 91 .8% 8 6 .8 % 6 6 .0 % 55.0% 61.7%

Table 3-24. Parameter estimates o f the fu ll annual distribution mode! (Y3VM ) for the Redshank. A  %ero 
indicates that a particular variable was not included in the fina! mode! When the parameter values indicate an

c o n s ta n t 10.500

E m e an -0 .1 0 1

E m e an 2 0

V m ean 0

V m e an 2 -0 .007

Salt 0

Salt2 0

Sep 0.478

N o v 0 .6 2 0

Ja n 1.660

M ar 0 .8 5 4

A p r 0

M ay 0

D ev ian ce  E x p la in ed 7 4 .4 %

94 A lterra-rapport 1193



Redshank

Ma

*
Ol

r
30
.c01 
c

I

Emersion Urne %
Flow veicciy (cm/s)

250

n
Emersion ttme (%  of »ne)

Emersion time %

Figure 3 -3 5 . D istribu tion  o f  R edshank w ith  respect to  emersion tim e (%  tim e) an d  m axim a/  current velocity during an  average 
tide (cm/  s). (a) Foraging hours a s a  function o f  both variables a s observed, (b) Foraging hours a s a  function o f  both variables as 
predicted, (c) Foraging hours a s a  function o f  emersion tim e, comparing observations and m odel predictions, (d) Foraging hours a s a  
function o f  current velocity, comparing observations an d  m odelpredictions.
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Figure 3 -3 6 . C ontour p lo t ofpredicted foraging hours o f  R edshank w ith respect to emersion tim e (%  tim e) and m axim al current 
velodty during an average tide (cm /s). Predictions are based on the fu ll  annual m ode! (Y 3 V M ). D o ts indicate the study p lo ts. The 
numbers n ex t to  the boxes indicate the to ta l num ber o f foraging hours in  each combined in terval o f  10%  emersion tim e and 10  
cm /s  current velocity. The contour lines are derived fro m  an interpolation o f  the scores a n d fo r th is reason provide a  fa lse  sense o f 
accuracy
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3.4 L inking bird d istribution to prey or abiotic variables?

Prelim inary investigations w ith m odels tha t included the  p red ic ted  densities o f  several ben th ic 
organism s as p red ic to r variables indicated th a t these p red ic to r variables did n o t significantly 
im prove the fit o f  the m odels (B rinkm an et al. 2005). In  addition , we saw  n o  conceptual 
advantage in such  m odels, as the  ben th ic  densities are in fact p red ic ted  from  the  sam e abiotic 
variables that w ere also used to  p red ic t b ird  densities directly (see also A ppend ix  1). F o r these 
reasons w e aban d o n ed  investigating such m odels a t an early stage in o u r investigations.

W e p u t m ore e ffo rt in  study ing  b en th o s  variables derived from  actual m easurem ents o n  the 
ben th o s in the  study p lots. O n  their ow n, the ben th o s variables explained ra th e r little o f  the 
variance in foraging ho u rs  per p lo t fo r the m ajority o f  b ird  species (Figure 3-37). Explicitly 
incorporating  m o n th  as a nom inal variable im proved  the  m odels, b u t the variance th a t was 
explained bv the m odels rem ained  low. O nly  for O ystercatcher, R edshank  and  Curlew d id  the 
variance tha t was explained exceed 25% .

35

Figure 3-57. The success (measured as % variance explained) o f benthos variables in explaining the foraging distribution 
(measured in foraging hours summed over a tide in a plot) o f H  bird species. Model B Y  and modeI B Y M  (that explicitly 
incorporates month as a nomina! variable) are compared.

T hese percentages w ere hardly changed  w hen  we first in troduced  abiotic variables in the  m odel 
and  then  investigated if  the  fit o f  the  m odel could  be  im proved  by adding  benth ic variables 
(Figure 3-38).. O nly  fo r O ystercatchers d id  adding  ben th ic  variables substantially im prove the 
m odel.

T h e  abiotic m odel th a t w e used in d ie  above com parison  (Y3VM ) included  salinity. It is possible 
th a t salinity was a proxy fo r site and  tha t by including salinity, we cap tu red  all the  variance that 
m ight possibly be  explained by the differences in ben th o s betw een  the sites. W e therefore also 
d id  the  analysis fo r an  abiotic m odel w ith only cu rren t velocity and  em ersion  tim e (Y2VM ). We 
selected the  th ree species w here the  benth ic m odel (BY) explained a substantial p a rt o f  the 
variation in foraging hours. A s before, only for O ystercatchers d id  adding  o f  benth ic variables 
substantially im prove the m odel (Figure 3-39).
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Figure 3-38. The success (measured as % variance explained) o f a mode! (BY3VM ) incorporating both abiotic variables and 
benthos variables in explaining the foraging distribution (measured in foraging hours summed over a tide in a plot) o f 11 bird 
species. The extra contribution of the benthic variables is indicated separately
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Figure 3-39. Comparison of the success (measured as % variance explained) o f an annual model with only 2  abiotic variables 
(Y2VM ). of a model with only benthos variables (BY) and an annual model containing both abiotic and benthic variables 
(BY2VM )for three bird species: Oystercatcher. Bar-tailed Godwit and Redshank.
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4 V a lid a tio n

ln  the  follow ing paragraphs the  annual m odels with salinity, em ersion tim e and 
cu rren t velocity  as explaining variables are nam ed ‘full annual m odels’ (Y 3V M ), and 
m odels w ith the  g rouped  variables em ersion tim e and cu rren t velocity on ly  are 
nam ed ‘g rouped  variables m odels’ (GSY2V M ).

4.1 L ow  tid e  coun ts

Linear regression show ed th a t fo r the G rey  P lover the  full annual m odel explained 
only 22%  o f  the  ‘observed’ n u m b er o f  foraging hours. T he absolute num ber is 
strongly  underestim ated (Figure 4-1). F o r the  o th e r nine bird species less than  1%  o f  
the  variation is explained by the  full annual m odels. F o r d iese species the  relation 
betw een  predicted  and  observed  num bers was dom inated  by the occurrence o f  tw o 
con trasting  situations: in som e plo ts observed  num bers were m uch  higher than 
p red ic ted  and  in  som e o thers  they w ere m uch  low er (e.g. F igure 4-2). Selecting only 
those  p lo ts w here coun ts w ere m ade du ring  the entire low  tide period, o r  only 
m o n th s  w ith  high num bers o f  b irds d id  n o t im prove the relations significandv. I t  is 
concluded  that, a t the small spatial and tem poral scale em ployed here, the  pred ictions 
cou ld  n o t be  validated.

G re y  P lo v er

-C  30 -

o o

0 2 0 0 2 5 0 3 00 0 5 0  150 0 0

P re d ic tio n s  (fo rag . h o u r s  /  h a )

Figure 4 -1 . G rey P lover num ber offoraging hours predicted an d  observed fo r  low  tide p lo ts  (a ll data). Source: 

RUFS R IK Z .
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C u rlew
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Figure 4-2. Curien': example o f predicted and observed number offoraging hours in low tide plots showing ‘no 
relation ' (all data).

4.2 H ig h  tid e  co u n ts

F o r each species the  relative d istribu tion  o v er the  five high tide sectors, as observed 
in the  seasons 1999 /2000  th ro u g h  2 0 0 3 /2 0 0 4  is p resen ted  first. N ex t the  results o f  
the validation o f  bo th  the  full annual m odels and the  g ro u p ed  variables m odels are 
presented. T h e  relative d istribu tion  o v er the five associated high tide sectors and low 
tide regions is p resen ted  graphically and  discussed in the  text. T h e  absolute values o f  
p red ic ted  and  observed  n u m b er o f  b irds in the  en tire  study area are p resen ted  in the 
text only.

4.2.1 R inged Plover (Septem ber)

T h e  p ro p o rtio n  o f  b irds p resen t in the  five high tide sectors varied considerably  from  
year to  year. T h e  sm allest num bers w ere p resen t in sec to rs Sloe (average 1 % 
(m inim um  0, m axim um  2 % ) and  H oedekenskerke (3 %  (0-8 %)). S ecto r Paulina 
co n trib u ted  61 %  (19-84 % ), Baarland 18 %  (0-46 % ) and  T em eu zen  17 %  (4-32 %).

F o r the  full annual m odel the  g raph  w ith p ro p o rtio n s  (Figure 4-3a) show s a 
dom inance o f  sec to r Paulina in bo th  the  m odel (low tide regions) an d  co u n ts  (high 
tide sectors). T h e  m odel overestim ates the p ro p o rtio n  th a t is related to  sec to r Paulina 
and underestim ates those  related to  sectors Baarland and  T erneuzen . T h e  n u m b er o f  
b irds in the  en tire  area is a b o u t 45.000 accord ing  to  the  m odel and  1340 according to 
the  coun ts, respectively. F o r conversions o f  foraging ho u rs  to  n u m b er o f  birds a 
factor o f  8.25 was used. A s the  n u m b er observed  in the  en tire  area in Septem ber
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1999-2003 n ev er exceeded 3000 b irds it is clear tha t the m odel strongly overestim ates 
the  occurrence o f  Ringed Plovers a t the scale o f  the entire area.

F or the g rouped  variables m odel the  g raph  w ith p ro p o rtio n s  (Figure 4-3b) show s 
large differences betw een the  m odel pred ictions and  observations fo r sectors Paulina 
and  T erneuzen . T his m odel overestim ates the total num ber o f  birds in the  en tire  area 
by a  factor 11.

C o m ú n  R n g E d  R a r e r

KD
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0
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Grouped variables model

Figure 4 -3 . K inged P lover (Septem ber): proportion o f  birds in  associated loii’ tide regions (model) an d  high tide 
sectors (count), (a) F u ll annual model, (b) G rouped variables m odel

4.2.2 Shelduck (May)

T h e  p ro p o rtio n  o f  b irds p resen t in the high tide sectors was 37 %  (22-58 %) for 
Paulina, 7  %  (4-11 % ) for Sloe, 6 %  (3-11 % ) for Baarland, 16 %  (1-35%) for 
H oedekenskerke and  35 %  (31-40 %) fo r T erneuzen  respectively.

F o r  the  full annual m odel the  graph  w ith p ro p o rtio n s  (Figure 4-4) show s that the 
occurrence in the  low -tide-region related to  Baarland is strongly overestim ated and  is 
underestim ated in  the  regions related to  Paulina and  T erneuzen . F or the en tire  area 
the  n u m b er o f  b irds estim ated by the m odel is m uch higher than  coun ted  in May 
2004 (over 1 m illion and 2297 birds respectively). F o r conversions o f  foraging hours 
to  num ber o f  birds a facto r o f  6 is used. T h e  num ber o f  Shelduck observed  in the 
en tire  area in M ay 2000-2004 never exceeded 4049 birds, so the  m odel strongly 
overestim ates the  occurrence o f  the species a t the  scale o f  the entire study area.

N o  m ap could be produced  fo r the grouped  variables m odel because the m axim um  
n u m b er o f  d iffe ren t cell values set by the  G IS-softw are used was exceeded. T his
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e rro r  indicates tha t the  g ro u p ed  variables m odel, like the  full annual m odel, produces 
extraordinarily  high num bers o f  foraging hours in parts o f  the  m apped  area.
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Figure 4 -4 . Shelduck. (M ay): proportion o f  birds in  associated low tide regions (mode!) an d  high tide sectors 
(count). Source: R lV S  R 1K Z .

4.2.3 D unlin  (N ovem ber)

F o r this species N o v em b er 2003 had to  be  om itted  from  the analysis (counts n o t 
com plete). In  N o v em b er-co u n ts  o f  the  rem aining years the p ro p o rtio n  o f  birds 
p resen t in the  five high tide sectors varied considerably. In  secto r Paulina the average 
p ro p o rtio n  was 50 %  (46-60 % ), in sec to r Sloe 1 %  (0-1 % ), in sec to r Baarland 16 %  
(6-28 % ), in sec to r H oedekenskerke 0  %  and in sec to r T erneuzen  33 %  (11-56 %).

T h e  graph  w ith  p ro p o rtio n s fo r the  full annual m odel (Figure 4-5a) show s a 
d o m inance o f  sec to r Paulina. T h e  m odel how ever strongly overestim ates this 
d o m inance and  underestim ates the p ro p o rtio n s  in  low  tide regions related  to  sectors 
B aarland an d  T erneuzen . T h e  n u m b er o f  b irds p re sen t in the  en tire  area, as estim ated 
by this m odel, is ab o u t 53.500. T h e  n u m b er o f  birds coun ted  in N o v em b er o f  the 
years 1999-2002 varied from  15.927 to  29.402. So m ost p robably  the m odel 
overestim ates the  n u m b er o f  b irds a t the  scale o f  the  entire study area. For 
conversions o f  foraging hours to  n u m b er o f  birds a factor 8.25 was used.

F igure 4-5b show s the  p ro p o rtio n  o f  b irds in the  low  tide regions as calculated with 
the g ro u p ed  variables m odel and  as observed  in related high tide sectors in 
N o v em b er 1999-2002. T h e  m odel reproduces the relative d istribu tion  reasonably 
well. A lso the  pred ic ted  n u m b er o f  b irds p resen t in the  en tire  area, estim ated at about
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24.500 by this m odel, lies well w ithin the range o f  num bers observed  (average 22.542, 
range 15.972 - 29.402 birds).
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Figure 4 -5 . D unlin (Novem ber): proportion o f birds in  associated low  tide regions (mode!) and high tide sectors 
(count), (a) F u ll annual model, (b) G rouped variables m odel. Source: R IF S  R IK Z.

4 .2 .4  B a r - ta i le d  G o d w it  (N o v e m b e r )

T h e  d istribu tion  o f  this species over the  high tide sectors was fairly constan t from  
year to  year. W ith  the exception  o f  N o v em b er 2000 82 to  86 %  o f  the birds were 
seen in sec to r Paulina. All five seasons included, the p ro p o rtio n  in sec to r Paulina was 
81 %  (66-86 % ), in sec to r Sloe 1 %  (0-3 % ), sec to r Baarland 7 %  (0-27 % ), sector 
H oedekenskerke 0%  and in secto r T erneuzen  12 %  (6-17 %).

T h e  full annual m odel reproduces the relative d istribu tion  over the  area very well 
(Figure 4-6a). T h e  n u m b er o f  birds to  o ccu r in the en tire  area, as estim ated by the 
m odel, is 3862. T h is  is 5.3 times the n u m b er observed  in N o v em b er 2003 and  also 
exceeds the  m axim um  num ber observed  in N o v em b er o f  the years 1999 to  2002 
(1068 birds). F o r  conversions o f  foraging ho u rs  to  num ber o f  b irds a factor 5 was 
used.

F o r the  g rouped  variables m odel the  graph  w ith p ro p o rtio n s (Figure 4-6b) show s 
tha t the  num bers in the low  tide region associated with high tide sec to r Paulina is 
underestim ated , while the  num bers related to  sectors H oedekenskerke and 
T erneuzen  are overestim ated. T h e  num bers p resen t in the  entire study area are 
estim ated a t  ab o u t 7000 birds. B oth the  relative d istribu tion  o v er the d iffe ren t areas 
and the  total am oun t o f  Bar-tailed G odw its  p resen t are b e tte r reproduced  by the  full 
annual m odel than  by this model.
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Full annual model

90-

*
50-C3O

o
30-

1 0 -

0-
1 0 2 ) 3 0 4 0 9 ) 6 0 7 0 8 0 9 0  100o

Pi / t od  ( %)

Grouped variables model

Figure 4 -6 . ñar-taüed G o d u it (N ovem ber): proportion o f  birds in  associated low  tide regions (model) an d  high tide 
sectors (count), (a) F u ll annual model, (b) G rouped variables model. Source: R It;' V R1K Z.

4.2.5 O ystercatcher (N ovem ber)

T h e  p ro p o rtio n  o f  O vstercatchers p resen t in the  five h igh  tide sectors is fairly 
co n stan t from  year to  year. In  sec to r Paulina 69 %  o ccu r (64-72 % ), in sec to r Sloe 5 
%  (3-6 % ), Baarland 3 %  (2-4 % ), H oedekenskerke 1 %  (0-3 % ) and  in  sector 
T ern eu zen  23  %  (17-30 %).

T h e  graph  o f  the  p ro p o rtio n s as calculated w ith the  full annual m odel (Figure 4-7a) 
show s th a t the  relative n u m b er o f  b irds in the low tide region associated w ith  sector 
Paulina is strongly  underestim ated , w hile those  fo r sectors H oedekenskerke and 
T erneuzen  are overestim ated . T h e  to tal n u m b er o f  b irds p resen t in  the area in 
N o v em b er is estim ated at ab o u t 80.000 by this m odel, w hich  is a lm ost 10 times 
h igher than  the  n u m b er coun ted  in N o v em b er 2003 (8162 O ystercatchers) and  also 
m uch  higher than  the m axim um  n u m b er observed  in N o v em b er o f  the years 1999- 
2002 (8850 O ystercatchers). F o r conversions o f  foraging ho u rs  to  n u m b er o f  birds a 
facto r 5 w as used.

T h e  g ro u p ed  variables m odel show s a g o o d  rep roduction  o f  the  relative distribution 
o f  b irds o v e r the d ifferen t areas (Figure 4-7b). W ith ab o u t 10.500 O ystercatchers 
estim ated by this m odel fo r the en tire  study area in N o v em b er, the  observed  
n u m b er in  N o v e m b e r 2003 is overestim ated  by a factor 1.3.
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Figure 4 -7 . O ystercalcher (N ovem ber): proportion o f  b irds in  associated low  tide regions (model) an d  high tide 
sectors (count), (a) F u ll an im al model, (b) G rouped variables model. Source: RIP'S R IK Z .

4.2.6 R edshank  (May)

T h e  p ro p o rtio n  o f  birds p resen t in the five high tide sectors varied considerably from  
year to  year. In  sec to r Paulina 30 %  occurred  (16-51 % ), in sec to r Sloe 7 %  (2-12 %), 
sec to r Baarland 11 %  (2-19 % ), H oedekenskerke 10 %  (0-35 %) and  T erneuzen  43  %  
(21-68 % ). In  May 2004 these p ro p o rtio n s were: 32 %  in Paulina, 8 %  Sloe, 8 %  
Baarland, 3 %  H oedekenskerke and  48 %  in sec to r T erneuzen . So the d istribu tion  in 
th a t period  was n o t very differen t from  the average situation in the years 2000-2004.

T h e  full annual m odel fo r the R edshank in May (figure 4-8) overestim ates the 
p ro p o rtio n s in low tide regions associated w ith sectors Sloe and  H oedekenskerke, 
while it underestim ates those in sectors Paulina and  T erneuzen . W ith  ab o u t 62.500 
R edshanks estim ated fo r the en tire  study area in May, the m odel strongly 
overestim ates the  n u m b er coun ted  in M ay 2004 (844 birds) and the m axim um  
observed  in M ay o f  the years 2000-2003 (1178 birds). F o r conversions o f  foraging 
ho u rs  to  n u m b er o f  b irds a factor o f  8.25 was used.

N o  m ap  could  be  produced  for the  g rouped  variables m odel because the m axim um  
nu m b er o f  d iffe ren t cell values set by the  G IS-softw are used was exceeded. This 
e rro r indicates th a t the  g rouped  variables m odel, like the full annual m odel, produces 
extraordinarily  high num bers o f  foraging hours in parts o f  the m apped area.
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Figure 4 -8 . Redshank (M ay): proportion o f  b irds in  associated low tide regions (model) an d  high tid e  sectors 
(count). Source: Kl i ' V R IK Z .

4.2.7 Curlew (Septem ber)

T h e  p ro p o rtio n  o f  b irds p resen t in sec to r Paulina was 42 %  (13-57 % ), in sec to r Sloe 
6 %  (2-12 % ), sec to r Baarland 17 %  (12-21 % ), H oedekenskerke 6  %  (0-26 %) and in 
sec to r T erneuzen  29 %  ( 1 5 - 4 0  %). T h e  situation in Septem ber 2003 did n o t d iffer 
m uch  from  this five year average: Paulina 47 % , Sloe 4  % , B aarland 12 % , 
H oedekenskerke 2  %  and  T erneuzen  34 % .

T h e  full annual m odel show s a good  rep roduction  o f  the  relative d istribu tion  o f  
Curlew s o v er the d ifferen t areas (Figure 4-9a). W ith  ab o u t 44.500 birds estim ated by 
this m odel for the en tire  area the  num ber observed  is strongly overestim ated 
(Septem ber 2003: 3866 Curlew s, w hich is also the  m axim um  observed  in de period 
1999-2003). F o r conversions o f  foraging hours to  num ber o f  b irds a fac to r o f  5 was 
used.

T h e  g rouped  variables m odel overestim ates the  p ro p o rtio n  in the  low  tide region 
associated w ith  sec to r Paulina and an underestim ation fo r the  one related to  sec to r 
Baarland (Figure 4-9b). Like the full annual m odel, the total n u m b er o f  b irds in the 
area is strongly overestim ated (grouped variables model: ab o u t 32.500 C urlew s, co u n t 
in S ep tem ber 2003 3866 birds).
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Figure 4 -9 . C urlew  (Septem ber): proportion o f  birds in  associated low  tide regions (model) an d  high tide sectors 
(count), (a) F u ll annual model, (b) G rouped variables model. Source: R IF S  R1KZ.

4 .2 .8  G re y  P lo v e r  (S e p te m b e r )

O bservations from  S ep tem ber 2000 were n o t taken into account because the  data 
w ere n o t com plete. A verage p ro p o rtio n s fo r the o th e r  fou r years were: Paulina 68 %  
(56-78 % ), Sloe 1 %  (0-1 % ), Baarland 17 %  (2-26 % ), H oedekenskerke 3 %  (0-7 %) 
and  sec to r T erneuzen  12 %  (9-15 %). T h e  d istribution in S ep tem ber 2003 differed 
som ew hat from  this four-year average, especially in sectors Paulina and Baarland: 
Paulina 78 % , Sloe 0 % , Baarland 2  % , H oedekenskerke 7 %  and T erneuzen  13 %.

T h e  full annual m odel show s a dom inance o f  the low  tide region associated with 
sec to r Paulina, w hich com pares very well w ith the  high tide counts. I t  overestim ates 
the  p ro p o rtio n  in the low  tide region associated w ith sec to r Sloe, b u t otherw ise 
show s g o o d  agreem ent betw een estim ated and observed  p ro p o rtio n s o f  b irds (figure
4-10a). T h is  m odel overestim ates the total n u m b er o f  G rey  Plovers in the area in 
S ep tem ber by a  factor 1.7 (estim ated n u m b er =  3655, observed  n u m b er in 
S ep tem ber 2003 =  2478, the m axim um  in the years 1999, 2001 and 2002 being 2508 
birds). F o r conversions o f  foraging hours to  n u m b er o f  birds a  factor o f  8.25 was 
used.

T h e  agreem ent o f  the g rouped  variables m odel estim ates with coun ts is n o t as good  
as th a t o f  the  full annual m odel (figure 4-10b). W ith a total o f  1546 birds estim ated 
fo r the  en tire  area in S ep tem ber the  actual num ber, as observed  at high tide in 
S ep tem ber 2003 (2478 G rey  Plovers), is underestim ated.
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Figure 4 -1 0 . G rey P lover (Septem ber): proportion o f  birds in  associated low  tide regions (mode!) an d  high tide 
sectors (count), (a) F u ll annual m odel (b) G rouped variables m ode! Source: R l V S  RIKZ.

4.3 C onclusions

G enerally  speaking the m odels fo r m ost species overestim ate the  total num ber o f  
b irds in the  study area. T h e  b e s t p red ic tion  is p ro d u ced  by  the  g rouped  variables 
m odel fo r D unlin . B oth  the  to tal n u m b er o f  b irds and  the  relative d istribu tion  over 
the area are close to  w ha t is expected  from  high tide coun ts. T h e  m odels for 
R edshank and  Shelduck show  the  largest differences betw een p red ic ted  an d  counted 
n u m b er o f  birds. C om pared  to  the  full annual m odel, the g ro u p ed  variables m odel 
fo r the  O ystercatcher show s a m uch  im proved  resem blance betw een predicted  and 
o bserved  n u m b er o f  birds. F rom  these cases a m ajor factor causing a  b e tte r o r  w orse 
agreem ent betw een  pred ic ted  and m odelled  n u m b er o f  birds, appears to  be the form  
o f  the  individual response curves in the m ultiple regression m odel. T h e  R edshank 
m odels, Shelduck m odels and  the  full annual m odel for the O ystercatcher show  
increasing response values a t o n e  o r  b o th  sides o f  the  ranges o f  th e  explaining 
variables. O n  the  o th e r  hand  the D unlin  m odel and  g ro u p ed  variables m odel fo r the 
O ystercatcher on ly  show  o p tim um  response curves fo r all variables. In  these m odels 
the  response values strongly decrease o n  b o th  sides o f  the  o p tim um  values o f  the 
explaining variables. T h o se  o p tim um  values lying very well w ith in  the  ranges 
occurring  in the  study plots.

C om pared  to  the  g rouped  variables m odel the  relative d istribu tion  o f  Bar-tailed 
G odw its is b e tte r reproduced  by  the  full annual m odel. T h e  sam e can be said ab o u t 
the  m odels fo r the  G rey P lover. In  b o th  species the observed  d istribu tion  shows 
h igher num b ers in the  m ost w estern  p art o f  the  study area, as com pared  to  the 
eastern  part. T h is  aspect is b e s t rep roduced  by the full annual m odel, w hich includes 
salinity as a variable w ith a w est to  east gradient.
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5 D isc u ss io n

T h e  aim o f  the  p ro jec t was to  develop a reliable too l to  p red ic t the d istribu tion  o f  a 
selected set o t  shoreb ird  species as a function o f  environm ental variables. It is clear 
tha t this goal w as n o t achieved, except perhaps fo r D unlin and  G rey Plover. T he 
m o st im p o rtan t question th a t w e need to  tackle in this discussion is therefo re why 
the  m odel validation show ed tha t the  m odels w ere n o t reliable at the scale o f  the 
en tire  w estern  part o f  the W esterschelde. Before we d o  this, we will first reflect on  
th e  factors determ in ing  the  feeding d istribu tion  o f  the  w aders during  low  tide and 
then  reflect o n  the various aspects o f  the  approach  tha t we adop ted  in this study. 
A fte r discussing the  d isappoin ting  validation results, w e briefly consider alternative 
statistical m odels.

5.1 W hat d e te rm in es  the  d is trib u tio n  o f w aders du rin g  low tide?

G oss-C ustard  (1985) review ed m any studies suggesting th a t the  attractiveness o f  an 
area for feeding w aders largely depends o n  the rate a t w hich they can collect food. 
T his rate will depend  o n  the harvestable food  supply  as defined by Zw arts &  B lom ert 
(1992) and  Z w arts et a l (1992). T h e  harvestability o f  the food depends o n  m any 
factors, includ ing  prey density, prey size, calorific con ten t, digestibility, burying dep th  
and  surface activity. M ore recently, an increasing body o f  evidence has accum ulated, 
indicating th a t the  feeding decisions o f  the birds also depend  o n  the  risk tha t they 
them selves are being eaten by p redato rs (Cresswell 1994; Cresswell &  W hitfield 1994; 
H ilton  et a!. 1999; L ank &  Y denberg  2003; W hitfield 2003; Y denberg  et al. 2004). 
Finally, a t  a large spatial scale, w inter severity is also im portan t, as it determ ines bo th  
th e  energy costs  o f  the  b irds and  the  availability o f  their food (G oss-C ustard  et a l 
1996; W iersm a &  Piersm a 1994; P iersm a et al. 2003). A ccording to  A ustin &  Rehfisch 
(2005) a considerable n u m b er o f  w ader species have shifted  their w intering 
distribu tion  in the  U nited  K ingdom  in response to  clim ate change: du ring  w arm er 
w inters, sm aller p ro p o rtio n s o f  seven species w intered in sou thw est Britain. D espite  
these com plications, a large num ber o f  studies have reported  positive correlations 
betw een stocks o f  the preferred  food and particular w ader species a t  spatial scales 
ranging from  tens o f  square kilom etres dow n to  scales o f  hundreds o f  square m eters 
(G oss-C ustard  1970b; B ryant 1979; Zw arts 1981; Hicklin &  Sm ith 1984; M eire 1993; 
Y ates et a l 1993; Kalejta & H ockey 1994; van de  K am  et al. 2004).

In  o u r  study w e found strong  evidence th a t O ystercatchers feed prim arily o n  Cockles 
in the W esterschelde and tha t the d istribu tion  o f  large Cockles, w hich are the  m ost 
profitab le  prey  for the O ystercatchers (Zw arts et al. 1996b), is the p rim e determ inant 
o f  the  d istribu tion  o f  the O ystercatchers o v er the  W 'esterschelde. In con trast, for the 
o th e r  b ird  species w e failed to  find such clear relationships and the  actually m easured 
prey  densities d id  n o t con tribu te  significandy to  m odels already contain ing  abiotic 
variables, either w ith o r  w ithou t salinity as a possib le proxy for site. T w o  possible 
explanations fo r this failure require fu rther investigation. F irst, m ost o f  the benth ic
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biom ass consisted  o f  C ockles, yet m o st o f  the b irds fed o n  w orm s. P erhaps, sam ple 
sizes w ere sufficien t to  o b ta in  g o o d  estim ates for C ockle densities, b u t insufficient to 
o b ta in  g o o d  estim ates fo r w orm  densities. Second, in the  analysis we included all 
coun ts, yet the  ben th ic  biom ass was only m easured in S ep tem ber 2003. It is know n 
th a t b iom ass o f  benth ic anim als varies system atically in the  course o f  the  season and 
can vary considerably  betw een  years (B eukem a 1974; B eukem a 1982). Perhaps, better 
results are ob ta in ed  if correlations are restric ted  to  bird densities and  ben th ic  food 
stocks m easured in the  sam e w in ter season. I t  w ould  certainly be  p rem ature  to  
conclude that, excep t fo r O ystercatchers, food  stocks d o  n o t influence the 
d istribu tion  o f  the  w aders in the  W esterschelde.

H ow ever, even if  food stocks have a clear influence o n  the  d istribu tion  o f  all w ader 
species, th a t does n o t d etract from  the  usefulness o f  con stru c tin g  m odels th a t  seek to 
p red ic t changes in b ird  num b ers directly  from  changes in abiotic habitat variables. 
T h e  p rob lem  w ith using ben th ic  variables is tw ofold. F irst, the quantification  o f  
invertebrate  popu la tions in large intertidal areas can only be  achieved a t very high 
costs. In  the  W esterschelde, the  only excepdon  to  this general rule is p robably  the 
C ockle, w hich has been  sam pled o n  an  estuary-w ide basis since 1992 (K am erm ans et 
al. 2004). Second, we need  m odels tha t p red ic t the  popu la tion  dynam ics o f  the 
invertebrates in response to  ab io tic  variables. A ny uncertain ty  in these m odels is 
m ultiplied w ith the uncertain ty  in the  m odels relating the  b irds to  the  food stocks. 
W hen  S teenbergen  et al. (2004) construc ted  a h ab ita t m odel fo r the  C ockle in the 
W esterschelde, they could  explain 40%  o f  the  deviance o f  C ockle biom ass. H ow ever, 
w hen  they  tried  to  p red ic t C ockle biom ass fo r parts o f  the  W esterschelde n o t used to 
co n stru c t the  m odel, they could  only explain 6%  o f  the  deviance.

T able 5-1: Sedim ent composition o f the preferred feeding h abita t in  different studies. Sedim ent composition was 
scored a s m uddy (SI), interm ediate (I) an d  sandy (S). The la st column gives the extent o f  agreement between this
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C om paring  d ifferen t studies o n  hab ita t choice, the  results o f  these studies show  a fair 
degree o f  consistency w hen it com es to  the sed im ent com position  o f  the  preferred  
feeding habitat and the results o f  this study tend  to  agree w ith the  general p icture  
(Table 5-1). F o r  instance, C urlew  and  D unlin  are found in m uddy areas, w hereas B ar­
tailed G odw it p re fer sandy areas. W ith regard to  em ersion tim e, there is m uch m ore 
variation betw een  studies and , pardy  as a result o f  this, there is m uch  less agreem ent 
b etw een  the results o f  this study and  o th e r studies (Table 5-2).

Table 5-2: Emersion lime of the preferred feeding habitai in different studies. Emersion time was scored as long 
(E), intermediate (I) and short (S). The last column gives the extent of agreement between this study and the
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Shelduck L L LIS medium
Oystercatcher S IS s LIS medium
Avocet L
Ringed Plover L L good
Grey Plover S I L S L poor
Knot I L I medium
Sanderling
Dunlin s S I LIS L poor
Bar-tailed Godwit S S S I poor
Curlew s S I L L medium
Redshank s s 1 S L poor

5.2 P ros an d  C ons o f  the  ap p ro ach  ad o p ted  in th is  study

5.2.1 E xtrem e values and unsam pled  habitats

M any m odels did n o t show  an op tim um  curve w ithin the m easurem ent range and 
thus p red ic ted  maximal densities ou tside the  range o f  m easurem ent. E x trem e data 
po in ts, w hich  occurred in m any species, w ere p robably  the  m ost im portan t cause. 
F ro m  experience w e know  tha t the n u m b er o f  b irds feeding in a particular location 
can  som etim es be quite variable from  o n e  day to  the next. In  species tha t feed in a 
flock, like K n o t and non-territorial individuals o f  G rey Plover, it may well be  th a t it is 
pardy  a m atter o f  chance w here the  flock will decide to  feed o n  a given day3. Thus,

3 T h e  suggestion  th a t there m ay be  a  ran d o m  elem ent in w h ere  a  flock decides to  feed o n  a  g iven  day sh o u ld  n o t 
be  taken as a  suggestion  that birds th a t feed  in flocks are  n o t lim ited by th e ir  fo o d  supply. S om e w ader species o r  
individuals w ithin a  species feed in flocks, w hereas o th e r  species o r  individuals d e fe n d  territo ries (G oss-C ustard  
1970a) o r  p seu d o -te rrito ries  (E ns &  C ayford  1996). F locking species m ay d ep le te  th e  harvestab le  fo o d  supp ly  in 
th e  co u rse  o f  w in ter, w hich m eans th a t th e  n u m b e r  o f  foraging  h o u rs  accum ulated  o v e r  th e  w ho le  w in te r is no t
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extrem e values are probably  unavoidable and  the  only way to  reduce their influence 
is to increase the  n u m b er o f  co u n ts  (i.e. n o t the  num ber o f  co u n ts  o n  a given day, 
b u t th e  n u m b er o f  days o n  w h ich  a p lo t is counted).

A n o th e r im portan t cause o f  the  p rob lem  is tha t w e lacked observations in relatively 
rare habitats. A t the start o f  the  p ro jec t w e did o u r b est to  cover all hab itats, b u t as 
F igure 3-3 show s, o u r coverage o f  co m m o n  habitats was good , b u t o u r coverage o f  
rare habitats w ith  extrem e values fo r the pred ic to r variables was insufficient. T h e  low 
ode validadon p lo ts  show  th a t m any  o f  the m ore accessible parts o f  the  estuary  are in 
fact the  rare habitats tha t we m issed (Figure 5-1). W hat is needed is an  increase in the 
n u m b er o f  study sites located  in rare habitats with extrem e values fo r the  pred ic to r 
variables.

T h e  study o f  B rinkm an &  F.ns (1998) also suffered from  the fact tha t som e habitats 
w ere n o t covered by the  coun ts. In their case it w ere especially high and  sandy areas, 
w hich  are know n to  h a rb o u r few birds. T hey  therefo re  included zero coun ts for 
these habitats and  this increased the  n u m b er o f  m odels w ith  an o p tim u m  curve 
w ith in  the m easurem ent range.

5 .2 .2  S a m p le  s iz e s

B uilding a habitat m odel m ay require less e ffo rt than  build ing m odels that 
inco rporate  prey stocks and  the  feeding decisions o f  the birds. Still, the  developm ent 
o f  such  m odels requires nonetheless a  substantial am o u n t o f  effort. Y ates et aí. (1996) 
developed  habitat m odels fo r w aders in the W ash and show ed tha t increasing the 
nu m b er o f  years o v er w hich  data w ere collected increased the  percentage o f  the 
variation in b ird  num bers tha t cou ld  be explained. Som e o f  the p rob lem s th a t we 
encoun te red  in developing  reliable h ab ita t m odels are likely related  to  sm all sam ple 
sizes. In  o u r study we used the da ta  o f  7  coun ts o f  a t m axim um  72 study plo ts. This 
is a sm all n u m b er w hen we com p are  it to  the  study o f  B rinkm an &  E n s  (1998), who 
used the  data collected by Z w arts  an d  co-w orkers along  the  Frisian coast. T hese 
sam e data w ere also analysed by  B lom ert (2002). A ccord ing  to  the  tables in B lom ert
(2002), each p lo t was coun ted  o n  average 50 times and  there w ere a t least 1500 plots. 
T h is  com parison  is n o t entirely  fair, because the  n u m b er o f  coun ts p e r p lo t includes 
several coun ts per low  tide. P robably , the  p lo ts w ere coun ted  during  10 d iffe ren t low 
tide periods. T h u s, die fact tha t the  m odels tha t w ere developed  by  B rinkm an &  Ens 
(1998) perfo rm ed  b e tte r than  the  m odels developed in this study, m ay be pardy  due 
to  the  substantial d ifference in sam ple size.

ran d o m  at all, b u t s trong ly  linked  to  the  size o f  th e  fo o d  supply. S u therland  (1996) review s several exam ples o f  
b irds dep le ting  th e  fo o d  supply  in  th e  c o u rse  o f  w inter. In  co n trast. In terfe ren ce  m ay  lim it th e  n u m b er o f  
te rrito ria l o r  pseudo-territo ria l b ird s th a t c a n  surv ive  in a  g iven  area. G o ss-C u sta rd  a  a t (21X11) p ro tid e  
com pelling  ev idence  th a t this is th e  case fo r  O y ste rca tch ers  feeding o n  M ussels.
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5.2.3 C ounting  frequency and seasonal changes

A bove, w e argued tha t the n u m b er o f  sites and the  frequency o f  coun ting  a site may 
have been insufficient to  derive d istribu tion  m odels w ith sufficien t predictive pow er. 
T h ere  is an o th e r reason w hy coun ting  frequency should  have been  higher. All species 
vary seasonally in  their abundance, b u t they differ in the tim ing  o f  peak num bers. 
Som e species peak a t a tim e o f  year w hen w e did n o t count. T h is  applies to Shelduck 
and  R edshank, w hich reach peak num bers a round  July. F o r  several species we had 
only o n e  c o u n t during  the  tim e o f  peak  num bers.

B ecause o f  the relative scarcity o f  coun ts, w e could n o t investigate w hether the 
suggestion o f  the  m onthly  m odels tha t b irds changed their d istribu tion  pattern  in the 
course o f  the  season was real. A t p resen t w e are inclined to  believe th a t the 
d ifferences betw een m o n th s in the m onth ly  d istribu tion  m odels had  m ore to  d o  with 
o ud iers and  statistical artefacts than  w ith biological reality. H ow ever, the  data 
p resen ted  by S tuart et al. (1990) suggest th a t it is possible tha t the  d istribu tion  does 
change in the  course o f  the  season. B etw een A ugust and May, A vocets change from  
w est to east. G rey  P lover are absent from  the east in January, b u t com m on  there in 
M ay and  A ugust. Finally, Bar-tailed G odw it are absen t from  the  east in A ugust and 
January , b u t co m m o n  in May.

A n o th e r argum ent fo r seasonal changes in d istribu tion  are know n seasonal changes 
in prey availability and diet o f  birds. Curlew s fo r instance, eat Shorecrabs in sum m er 
and  au tum n, b u t n o t in w inter, w hen the crabs have m oved to  deeper w ater and  are 
n o t available to  the  birds. T h e  b irds also switch m ore to  feeding in fields during 
w in ter (E ns &  Z w arts 1980).

5.2.4 Size o f the counting  plots

A  larger size o f  the  study p lo ts  w ould  have been  be tte r so as to  have m ore b irds in 
the  p lo t. H ow ever, this w ould have increased the heterogeneity  in the abiotic 
variables. A lthough  we did n o t engage in a  form al study o f  the optim al size o f  the 
study plo ts, o u r im pression was th a t they had just ab o u t the  right size. Ideally, one 
w ould  try to  ob tain  a quantitative criterion to  decide o n  the  op tim al p lo t size. O n  the 
basis o f  o u r study we conclude tha t any e ffo rt sp en t o n  studying optim al p lo t size 
m ust be  considered wasted. T h e  sim ple fact is tha t the  problem s w ith the m odelling 
w ere n o t related to  the size o f  the  coun ting  p lo ts , b u t to  extrem e values in the  bird 
coun ts  and  to  th e  fact th a t o u r study plots did n o t cover all habitats.

5.2.5 Silt content as predictor variable

Since cu rren t velocity and  silt co n ten t w ere correlated , an d  since m aps for cu rren t 
velocity are regularly p roduced , w hereas m aps fo r silt co n ten t are no t, we used 
cu rren t velocity instead o f  silt co n ten t in o u r m odels. H ow ever, we also used 
em ersion  tim e in  o u r m odels and  this variable show ed a s tro n g  and significant
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correlation w ith cu rren t velocity. E m ersion  time was also significantly correlated  with 
silt co n ten t, b u t the correlation was less strong, even m ore so fo r m edian grain size 
instead o f  silt co n ten t. F rom  a  statistical po in t o f  view it w ould  have b een  be tte r to 
use m edian grain size, o r silt con ten t, instead o f  cu rren t velocity.

A n o th er argum ent in favour o f  silt co n ten t is th a t this variable seem s to  vary over a 
sm aller geographical scale than  cu rren t velocity. T his is clear w hen  o n e  com pares the 
sed im ent m ap (Figure 2-13) to  the  m ap o f  cu rren t velocity (Figure 2-16). W h e th e r this is 
actually true  d epends o n  the ex ten t to  w hich the geographical m ap  p ro d u ced  by Stelzer
(2003) truly reflects the  silt c o n ten t o f  d ie  sedim ent. O u r  study casts d o u b t o n  this idea, 
since the silt co n ten t tha t w e m easured in the plots show ed a very p o o r  correlauon  with 
the  value fo r silt co n ten t derived from  the  sed im ent m ap  (Figure 3-2).

A  possib le argum ent against silt co n ten t as a p red ic to r variable is tha t it m igh t also 
vary over sh o rt tim e scales (unless it also influences the  b irds o v er these sh o rt time 
scales). W e d id  n o t a ttem p t to  m easure sed im entation and  erosion  in o u r s tudy  plots, 
b u t the im pression  o f  the  observers was tha t the sedim ents in som e o f  the  study 
p lo ts  w ere extrem ely m obile  and  dynam ic (Marcel K ersten , pers. obs.).

5.2.6 Salinity as p red ic to r variable

I t  is well know n tha t salinity has a s tro n g  influence o n  the  d istribu tion  and 
abundance o f  invertebrate ben th ic  anim als tha t are preyed upon  by the  w aders 
feeding o n  the intertidal flats (M cClusky 1981; W o lff 1973; Y sebaert 2000). By 
restric ting  the  study to  the  polyhaline central and  w estern  part o f  the  W esterschelde 
it was hoped  tha t salinity w ould  n o t be  a  p ro m in en t h ab ita t factor. H ow ever, our 
study indicates th a t even w ithin the  central and  w estern  part, salinity correlated  with 
the d istribu tion  o f  the  b irds. T h e  study o f  Y sebaert et al. (2000) show ed a  clear 
zon a tio n  o f  the  w aterbird  com m unities along  the  en tire  salinity g rad ien t o f  the 
Schelde estuary. E v en  w ith the  polyhaline part, d ifferences betw een bird species 
rem ained apparen t. T h u s , salinity is a factor th a t can n o t be  ignored. T h e  study o f  the 
effect o f  salinity w ould  be  helped by  increasing the  m easuring range. H ence, future 
studies shou ld  include the  brackish eastern p art o f  the  W esterschelde.

Brinkm an &  E ns (1998) used the  data collected by Z w arts and  co-w orkers along the 
Frisian coast betw een Paesens-M oddergat and  W ierum  to  co n stru c t their d istribution 
m odels. T hey  did n o t investigate the  possibility tha t salinity could  be  a pred ictor 
variable, because the variation in the  salinity in the  study area o f  Z w arts  was minimal. 
Since low  salinities d o  o ccu r in the  W adden Sea around  the  A fsluitdijk in the  west 
this could  have been  a p rob lem  w hen  Brinkm an &  E ns (1998) validated their model. 
H ow ever, m ost o f  the area near the  Afsluitdijk is sublittoral, so tha t the  to tal area o f  
tidal flats experiencing low  salinities is small. H ence, ignoring  salinity w as n o t a 
problem .

W hen  Sm it et al. (2003) investigated the  potential im pact o n  b irds o f  a th ird  sluice in 
the  Afsluitdijk, they clearly needed m odels tha t included salinity as a pred ictor
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variable. T hey  therefo re d id  n o t use the  low -ride coun ts o f  Z w arts  and  co-w orkers, 
b u t low -dde coun ts from  the w estern  W adden Sea to  construc t d istribu tion  m odels. 
T hey  found significant correlations w ith salinity, b u t in several cases, the  curves w ere 
U -shaped  leading the  au thors to  conclude tha t these correlations w ere p robably  
spurious.

5.3 V alidation

A g o o d  agreem ent betw een pred ic ted  and observed  n u m b er o f  foraging hours for 
low  tide situations is the  best p ro o f  o f  a valid m odel. T h e  m ost im p o rtan t p roblem  
w ith the  low  tide validation plo ts is tha t alm ost all o f  these p lo ts had com bined  
values fo r em ersion time and  cu rren t velocity tha t were outside the  range o v er w hich 
we collected d ata  to  co n stru c t the  m odels (Figure 5-1). Also, the scale o f  the low  tide 
p lo ts used (average size 2.8 ha, range 0.3 — 6 ha) and the  scale o f  the  observations 
m ade in those p lo ts (one tidal cycle o r  less in m ost plots) were p robably  to o  small to 
avo id  th a t spatial and  tem poral variation in bird activity ham pered  this com parison. 
Finally, the  approach  to  calculate the  foraging hours for an  en tire  low  w ater period 
from  observations m ade du ring  eb b  tide only (m ultiplication by two) is n o t  very 
realistic. H ow ever, the  e rro r in troduced  by this approach  is small com pared  to  the 
e rro r in the predictions.

E m e rs io n  tim e  (%)
0  10 2 0  30  4 0  50  60  7 0  80  9 0  100

 . . . i : ! . . . . . . . . .— — O v a lid a tio n  p lo ts
■ s tu dy  p lo ts

Figure 5 -1 . C urrent velocity (cm /s) p lo tted  against emersion tim e (% ) fo r  p lo ts  th a t were used f o r  the loir-tide 
validation. The black squares indicate the study p lo ts used to  bu ild  the b ird  distribution models.

F o r  the  validation with high tide coun ts  several steps had to  be taken, to  be able to 
com p are  predictions w ith observations. F irst, pred ic ted  num bers o f  foraging hours 
had  to  be  converted  to  num bers o f  b irds present. Second, low  tide regions and the 
associated high tide sectors had  to  be  identified. Finally, incom plete coun ts a t high 
tide ro o sts  had to  be taken in to  account.
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Regarding the  first step: the  conversion  o f  n u m b er o f  foraging ho u rs  to  n u m b er o f  
b irds w as perfo rm ed  w ith o u t taking in to  acco u n t seasonal variation in activity. A s the 
p ro p o rtio n  o f  available tim e sp en t feeding differs by a facto r tw o a t m o st betw een 
late sum m er and w in ter, and  th an  only  fo r som e species (G oss-C ustard  et al. 1977), 
this conversion  appears to  be o f  m in o r im portance fo r the  results o f  the  validation 
w hich show ed m uch  larger differences betw een pred ic ted  and  observed  num bers.

R egarding the  second  step: a correc t choice o f  associated low  tide regions and  high 
tide sectors plays n o  role in the  com parison  o f  n u m b er o f  b irds pred ic ted  and 
observed  in the  en tire  study area. So the  com parison  o f  the  total n u m b er o f  birds 
pred ic ted  and  observed  is n o t affected  by m istakes in the  assignm ent. In  m o st species 
the  to tal n u m b er o f  b irds pred ic ted  to  be p resen t is overestim ated  by th e  m odels. It 
w as n o t possib le to  exclude from  the  validation those  p arts  o f  the  intertidal area 
w here cond itions (em ersion tim e, cu rren t velocity) w ere outside the  range used for 
m odelling. O n ly  those p arts  ab o v e  85 %  em ersion  tim e w ere excluded, because no 
b irds w ere expected  to  forage there.

Regarding incom plete co u n ts  a t high tide roosts: fo r the  m o n th s  considered  these 
occurred  in o n e  species only (D unlin). T o  avoid m isjudging the p red ic tions from  the 
regression m odels, n o t only the  co u n ted  num bers o f  b irds in 2 0 0 3 /2 0 0 4  were 
p resen ted  b u t p red ic tions w ere also com pared  w ith m axim um  num bers observed 
du ring  high tide coun ts in the  seasons 1999 /2000  to  200 2 /2 0 0 3 . It was concluded 
that, regardless w hich o f  these num b ers is taken, the m odel show s a relatively small 
overestim ation  o f  the  n u m b er o f  b irds present.

T h e  principal explanation fo r the  p o o r p erfo rm ance o f  the  m odels in the  validation is 
tha t the  m odels som etim es p red ic ted  very high num b ers o f  foraging hours in habitats 
tha t w ere relatively rare and  n o t p resen t in o u r sam ple o f  s tudy  plots. T h is  problem  
applies to  Shelduck, R inged P lover, Curlew , R edshank and  K not. In  these species 
h ighest num b ers are p red ic ted  outside the  range o f  habitats w here we d id  our 
m easurem ents o n  b ird  num b ers an d  w e gave them  the  P rob lem  score “H igh”  in 
T able 5-3. T h e  p rob lem  applies to  a lesser ex ten t to  Bar-tailed G o d w it and 
O ystercatcher, since habitats w here  high densities are pred ic ted  pardy  overlap  with 
the  range o f  habitats w here we d id  o u r  m easurem ents o n  b ird  num bers. W e therefore 
scored  these species as “M edium ”. I t  does n o t apply to  D unlin  and  G rey Plover, 
since h ighest num bers w ere p red ic ted  inside the range o f  habitats w here we d id  our 
m easurem ents and  w e gave th em  the  P roblem  score “Small” . W e expect tha t the 
validation results are b est fo r species w ith  P roblem  score “Small” , in term ediate for 
species w ith P rob lem  score “ M edium ” and  w orst fo r species w ith  P rob lem  score 
“ H igh” . A s is clear from  T able 5-3, this is indeed the  case. F o r  statistical reasons we 
also expect th a t m odels fo r co m m o n  species will generally p erfo rm  b e tte r than 
m odels for relatively rare species an d  fo r this reason  w e have o rdered  T ab le  5-3 
accord ing  to  abundance. T h ere  is n o  indication from  the  table th a t w ithin a problem  
category, ab u n d an t species generally perfo rm  better.

In  ch ap te r 7  we p rovide suggestions how  these m odelling p rob lem s m igh t be solved, 
including  an  estim ate o f  the am o u n t o f  extra e ffo rt needed. Below, w e explore the 
possibility th a t alternative correlation  m ethods w ould  have yielded a b e tte r result.
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la b te  5 -3 . Com parison o f  the num ber o f  birds counted during high tide in  a  particu lar m onth w ith  the num ber 
predicted fro m  the fu ll  annual m odeI The penultim ate column gives the num ber predicted a s a  percentage o f  the

S p e c ie s m o n th C o u n te d P re d ic te d P r e d ic t e d /C o u n te d P ro b le m

D u n l in N o v 2 3 0 0 0 5 3 5 0 0 2 3 3 % S m all

O y s te r c a tc h e r N o v 8 1 6 2 8 0 0 0 0 9 8 0 % M e d iu m

C u r le w S e p t 3 8 6 6 4 4 5 0 0 1 1 5 1 % H ig h

G re y  P lo v e r S e p t 2 4 7 8 3 6 5 5 1 4 7 % S m all

S h e ld u c k M a y 2 2 9 7 1 0 0 0 0 0 0 4 3 5 3 5 % H ig h

R in g e d  P lo v e r S e p t 1340 4 5 0 0 0 3 3 5 8 % H ig h

R e d sh a n k M a y 8 4 4 6 2 5 0 0 7 4 0 5 % H ig h

B a r- ta ile d  G o d w i t N o v 7 2 9 3 8 6 2 5 3 0 % M e d iu m

5.4 A lternative co rre la tion  m ethods

G ranadeiro  et al. (2004) com pared  G A M  (G eneralized A dditive M odelling) to  G LM  
in a  study o n  the  d istribu tion  o f  shorebirds w ith  respect to  abiotic variables in a 
Portuguese estuary. T h ey  concluded  th a t the results o f  G A M  w ere m uch  be tte r than 
the results o f  G L M . H ow ever, they  allowed only m ono ton ie  relationships in their 
G L M  m odels, so  the  com parison  is n o t fair. F urtherm ore , even though  a G A M  
m odel m ay have a b e tte r  fit than  a  G L M  m odel, this does n o t m ean th a t it has a 
h igher predictive pow er. T h e  problem s w ith ou r m odelling w ould n o t have been 
helped by  G A M . E x trem e values also affect G A M s an d  extrapolating  beyond the 
range o f  m easurem ents is even m ore difficult, i f  n o t im possible w ith a m odel based 
o n  GA M .

N eural netw orks o r  quantile regression w ould n o t have solved these p rob lem s either. 
W h a t is needed  are larger sam ple sizes and m easurem ents in habitats tha t w e missed 
in the  cu rren t study.

T h is  does n o t m ean  th a t G L M s are beyond d o u b t the  b est statistical m odels 
available. In A ppendix  2  we explore the  use o f  regression trees (D e 'ath  &  Fabricius 
2000) to  identify  habitats w hich d iffe r consisntely in the densities o f  feeding waders. 
T h e  algorithm  underlying the technique requires m assive com putational p o w er and 
fo r this reason  has becom e only recendy available. Several advantages o f  regression 
trees com pared  to  G L M  are apparen t. R egression trees deal b e tte r w ith non-linearity 
and  in teraction  betw een  explanatory  variables than  G L M  (o r G A M  fo r th a t m atter). 
T hey  also indicate w hich explanatory  variables are m ore im p o rtan t and  are n o t 
influenced by correlated  variables. Finally, in validations the  predicted  bird hours will 
n o t reach unrealistic high values if  the explanaron,- variables reach values tha t are 
h igher o r  low er than those used to co n stru c t the  models.
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6 C onclusions

In  nearly all bird species studied, em ersion  tim e, cu rren t velocity and salinity 
significantly correlated with the d istribu tion  o f  the  b irds o v er the  tidal flats. T hus, 
w hen  h um an  activity has an  im pact o n  o n e  o f  these variables, it is likely to  affect the 
birds. A  recen t assessm ent o f  the  Strategic E n v iro n m en ta l Im p ac t S tudy o f  the 
p ro p o sed  deepen ing  o f  the  W esterschelde concluded  tha t this im pact study did 
address changes in  habitat areas b u t did n o t p rovide sufficient in fo rm ation  o n  the 
actual quality o f  these habitats for benth ic organism s and therefore, indirectly, o n  the 
quality o f  the  habitats as feeding g ro u n d s fo r (internationally  im portant) birds 
(C om m issie M E R  2004). T h is  study show s th a t to  assess the  im pact o f  deepening  o f  
the  W esterschelde o n  the b irds, o n e  should , a t the  very least, be  able to p red ic t how  
d eepen ing  will affect the em ersion tim e, the  cu rren t velocity and  the  salinity o f  the  
tidal flats. It does n o t  suffice to  sim ply p red ic t the  effect o f  deepen ing  o n  the  area o f  
tidal flats.

W e succeeded  in deriving m odels th a t can “explain”  quite well the  data tha t we 
collected to  co n stru c t these m odels. H ow ever, the  validation indicated th a t for m any 
species, the  predictive p o w er o f  these m odels was ra th e r poor. R easonably reliable 
pred ic tions can only be ob ta ined  for D unlin  and  G rey  Plover. T hese tw o species are 
b o th  co m m o n  and  d o  n o t su ffer from  the  p rob lem  th a t high bird usage is predicted 
fo r relatively rare habitats tha t w e did n o t en co u n te r in o u r study locations. F o r the 
o th e r  species we obtained , in m o st cases, an  im pression  fo r their preferences for 
particu lar co m m o n  habitats, w hich may be o f  use in expert judgem ents o n  im pacts, 
b u t we failed to  co n stru c t m odels th a t can be used fo r quantitative predictions on 
im pact.

Since w e th ink  tha t the  partial failure o f  o u r p rog ram m e can be rem edied (see below  
fo r recom m endations), w e see n o  need to  ab an d o n  the  idea tha t bird usage can be 
p red ic ted  directly from  abiotic variables to  a  considerable degree. O u r argum ent for 
this op tim ism  is th a t w hen the  d istribu tion  pa tte rns o f  the  birds are com pared , there 
are obv ious differences. R edshank, fo r instance, are restricted to  areas w ith long 
em ersion  tim es and  low cu rren t velocities, w hereas Shelduck o ccu r o v er a broad  
range o f  habitats and also o ccu r in high densities in areas w ith sh o rt em ersion times 
and  high cu rren t velocities w here n o  R edshank are  found. O n  the basis o f  o u r study 
w e can  m ake provisional estim ates how  m uch  ex tra  e ffo rt is needed to substantially 
im prove the  m odels for the  species o th e r than D unlin  and  G rey  Plover, as well as the 
b est way to  allocate this effort.
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7 R e c o m m e n d a tio n s

T h e  obvious solution to  rem edy the p o o r  p erfo rm ance o f  m odels tha t pred ic t high 
bird usage in habitats tha t are relatively u n com m on  is to  selectively study bird usage 
in these rare habitats. T his m eans increasing the n u m b er o f  study sites, since o u r 
study indicates that, n o t surprisingly, study sites d iffer systematically w ith regard to 
abiotic variables (Figure 3-3). Increasing the n u m b er o f  study plo ts p e r site above 20 
will n o t increase the n u m b er o f  habitats and  will m ake it d ifficult to  co u n t all the 
plo ts w ithin 30 m inutes a t tim es w hen bird num bers are high. Furtherm ore, to 
increase the  n u m b er o f  habitats, it is m o re  efficient to  increase the num ber o f  study 
sites (see e.g. A ppendix  1). F o r a given study site, the n u m b er o f  habitats is limited. 
T h u s, if  the  aim is to  cover m ore habitats, the only so lu tion  is to increase the num ber 
o f  study sites.

T h e  analyses suggested tha t the  b irds changed their d istribution  pattern  w ith regard 
to  abiotic variables in the  course o f  the season. H ow ever, since we had only one 
co u n t fo r m o st m o n th s, d o u b t rem ains w h e th e r this was actually true. T o  test i f  the 
b irds systematically change their d istribution pattern  in the course o f  the season, 
m any m ore coun ts are needed.

T h e  analyses suggested th a t salinity had a significant im pact o n  the d istribu tion  o f  the 
b irds, despite the  fact tha t the  brackish eastern  p art was n o t p a rt o f  the  study. 
Includ ing  study sites in the brackish eastern  p art w ould increase the range o f  values 
fo r salinity and  w ould  im prove the  possibilities to  ob ta in  p ro p e r estim ates o f  the 
e ffec t o f  salinity o n  bird distribution.

T h e  p resen t study was based o n  study plo ts in fou r sites being  coun ted  seven tim es, 
i.e. a  total o f  28 counts. This e ffo rt proved  insufficient to  p roduce reliable m odels for 
the m ajority o f  bird species. Som e quick and cheap im provem ent o f  the m odels 
m igh t be possible by including the low -tide coun ts used fo r validation in the data set 
used to  build the m odels th a t w e describe in this report. A s dem onstrates, all the  rare 
habitats w ould  be  covered. T h ese  (hopefully) im proved m odels could be validated 
w ith  the  high tide coun ts, b u t new  data are needed for a  validation with low  tide 
counts.

A  m ore radical and  m ore cosdy solution  w ould  be to  initiate a com pletely new  study. 
F o r such a new  study we suggest exploring the possibility to  use the  num ber o f  bird 
hours in a  study p lo t averaged over the  year as the  d ep en d en t variable. A problem  in 
o u r study w ere extrem e values du ring  single coun ts an d  these are likely to  average o u t 
w hen  the  results o f  several coun ts  are added.

T o  ob ta in  a p ro p e r estim ate o f  the  annual n u m b er o f  foraging hours in a plot, a t  least 
o n e  co u n t p e r m o n th  is needed, given the clear changes in num bers betw een m onths. 
T h is  am ounts to  a m inim al num ber o f  12 coun ts p e r site (since num bers vary 
betw een years, a coun ting  p rog ram  covering several years w ould be b e tte r o f  course), 
suggests tha t it m ight be possible to  cover b o th  the  rare and  the  com m on  habitats 

w ith  approxim ately 15 coun ting  sites. In  all, a m inim um  num ber o f  180 counts w ould
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be needed to  co n stru c t the m odels (in this con tex t one co u n t is taken  to  m ean  a visit 
to  one study site to  co u n t all the  p lo ts at th a t site during  an  en tire  low  w ater period). 
I f  one w anted  to  validate the m odels with low -tide counts, a sim ilar num ber would 
be  needed fo r the  validation data. Clearly, the new  study sites should  be  chosen 
carefully a t the s ta rt o f  the  study, to  m ake sure that all habitats are covered, especially 
habitats w ith (com binations of) ex trem e values for the  abiotic variables.

A few  m ore w ords o n  the  use o f  average annual n u m b er o f  bird hours are in place. 
J u s t  as the  to tal n u m b er o f  b ird ho u rs  in a tide does n o t distinguish betw een  a large 
n u m b er o f  birds feeding for a sh o rt period  in the  p lo t and  a small n u m b er o f  birds 
feeding there  for a  long  period, the  average annual n u m b er o f  b ird  hours in  a plot 
does n o t distinguish d iffe ren t seasonal pa tte rns o f  usage. In  a way the  problem  
w h e th e r the b irds d istribu te them selves d ifferently  o v er the estuary  in the course o f  
the  season is thus solved by  choosing  a d ep en d en t variable th a t does n o t require one 
to  study the p roblem . A  po ten tial disadvantage o f  taking the  annual usage as the 
d ep en d en t variable, is tha t it is n o t possible to  take acco u n t o f  the  fact th a t fo r m ost 
bird species, the  W esterschelde is o f  in ternational im portance during  a selected 
n u m b er o f  m o n th s. F u rtherm ore , d iffe ren t populations o f  the  sam e species m ay use 
the  W esterschelde a t d ifferen t tim es o f  the year. Finally, m anagers m ay have the 
o p tio n  to  choose  in  w hich m o n th s  potentially d isturb ing  activities are allow ed to  take 
place. T hus, users o f  these m odels may w ant to  be  able to  m ake pred ic tions for 
particu lar m onths.

A n  alternative o p tio n  is available fo r those species w here w e have sufficient 
in fo rm ation  o n  the  so-called generalized functional response , w hich describes the 
intake rate o f  the  food as a function  o f  the density  o f  com petito rs  and  prey  (van d e r 
M eer &  E ns 1997). F o r the O ystercatcher, m odels exist tha t can calculate how  the 
b irds will d istribu te their foraging effo rt w ith respect to  a particular food supply 
(Stillman et al. 2000; R appold t et al. 2004). T h e  first m odel keeps track o f  individuals 
th a t d iffer w ith respect to  com petitive ability and  foraging efficiency. T h e  second 
m odel does n o t distinguish betw een differen t types o f  individuals, b u t is able to  deal 
efficiendy w ith a large n u m b er o f  b irds in a large n u m b er o f  sites d iffering in prey 
density  and  habitat characteristics. T his second m odel is called W EBT1CS (R appoldt 
et al. 2004) and was successfully applied to  the  W adden Sea (R appold t et al. 2003a) 
and  the O osterschelde (R appoldt et a l 2003b). T he data required to  perform  
calculadons w ith this m odel are available for the  W esterschelde. F u rtherm ore , our 
observations indicated th a t C ockles are the main prey o f  the O ystercatchers in the 
W esterschelde and tha t the abundance o f  this prey predicted  the d istribu tion  o f  the 
b irds o v er the estuary. Last, b u t n o t least, W EBT1CS is n o t a m odel built on  
correlations, b u t it is built o n  know ledge o f  the  processes know n to  govern  the 
d istribu tion  o f  the  birds. W EBT1CS can be used to  p red ic t the  e ffec t o f  changes in 
em ersion time due to  d redging  activities, assum ing Cockle stocks are unaffected. 
A lternatively, o n e  m ay first p red ic t how  b o th  m orphology and  C ockle stocks are 
affected  by fo r instance dredging, and  then calculate the im pact o n  the  birds.

M uch o f  the in fo rm ation  needed to  build a m odel like W E B T IC S  is also available for 
K no ts, see e.g. V an G ils et a l (2003), Zw arts &  B lom ert (1992) and  V an Gils & 
Piersm a (2004). H ow ever, the m odel has n o t been built yet, so  instead o f  pu tting  a 
m odel to  use, as is possib le for O ystercatchers, the first step  w ould be to  reform ulate
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som e equations and  param eterize the  sim ulation m odel o n  the  basis o f  the 
in fo rm ation  in the  literature. A t the very least, this w ould  take several m onths, 
perh ap s even years.

A th ird  species for w hich a W E B T lC S-like m odel is w ith in  reach is the Curlew. 
E xtrem ely  detailed studies o n  the  feeding ecology o f  this species w ere conducted  
along the Frisian coast by Z w arts and  co-w orkers. A lthough  this w ork  has resulted in 
several publications (see e.g. E n s  &  Z w arts (1980), Z w arts  &  W anink (1984) and 
Z w arts &  Esselink (1989)), a m assive body o f  data rem ains to  be  analyzed (or re­
analyzed). I t  w ould  take at least a  year, and  m ore likely tw o years, to  extract all the 
in fo rm ation  and  sub ject it to  the  kind o f  analyses needed to  param eterize a 
W EB TIC S-Iike m odel.
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A p p en d ix  1 M u ltiv aria te  an a ly sis  o f  b ird s  a n d  p re d ic to r  v ariab les

W e used m ultivariate analysis to  explore if  and  how  the  b ird  com m unity  was linked 
to  env ironm enta l variables. T h e  idea being th a t th is exploratory  analysis m ight help 
to  gu ide o u r subsequen t m ore detailed investigations for each individual b ird  species. 
T h e  theoretical background and  the details o f  the  analysis are p rov ided  by B rinkm an 
et al. (2005). H ere, w e p rovide a  sh o rt sum m ary o f  som e im p o rtan t results. D u e  to  
the explorator)' and  prelim inar)' nature o f  the  analysis, the  abiotic variables u sed  here 
are d iffe ren t from  the abiotic variables used fo r the  G L M  analyses (see section 3.1).

F irst, w e used Principal C o m p o n en t Analysis (PCA) to  study the  abiotic variables. 
T h e  first axis (P C I) explained 47.8%  in  the  variation o f  the  abiotic data, the  second 
axis (PC2) an o th er 22.5%  and  the  th ird  axis (PC3) 16.5%. T h u s, w ith  th ree axes 
86 .8%  o f  the  variation could  be  explained. T h e  coefficients o f  the  various abiotic 
variables o f  each P C A  axis are given in Table 7-1.

Table 7 -1 . Sum m ary o f  the coefficients o f  the various abiotic variables o f  each P rincipal Com ponent A x is . D ata  
are norm alised values.___________________________________________________
V a r ia b le P C I P C 2 P C 3
H m e a n  ( m e a n  h e ig h t) 0 .4 5 6 -0 .481 -0 .1 3 0
S a lt (S a lin ity 0 .1 8 4 0 .4 0 7 -0 .7 7 7
D y n  (c la s s if ic a t io n  a s  h ig h ly  d y n a m ic  o r  n o t) -0 .3 4 8 -0 .1 7 6 -0 .5 4 6
M O ( m e d ia n  g r a in  s iz e  m e a s u re d  in  p lo t) -0 .5 3 5 -0 .0 2 0 -0 .1 3 9
Y m e a n  ( m e a n  c u r r e n t  v e lo c ity ) -0 .5 7 3 0 .0 6 9 0 .1 5 8
S f lo a t  ( m e a n  s i l t  c o n t e n t  a c c o r d in g  t o  m a p ) 0 .1 4 8 0 .7 5 3 0 .191

3t

*  H o o g e  P la te n  
t  P la a t  v an  B a a r la n d  

R u g  v a n  B a a n a n d  
«  P a u lm a s c h o r

2 -  -

1 - -

- 1 -  -

-2  -  •

+ r +

P C 1

Figure 7-1 . P C A  p lo t o f  the sam pled p lo ts  on the basis o f  6  abiotic variables. D a ta  are norm alised values. Each  
dot represents a  study p lo t. The circle gives a  vector p lo t o f  the variables.
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T h e  m ost im p o rtan t co m p o n en ts  o f  P C I are all variables tha t are related  to  curren t 
velocity: m ean height, m edian grain size and  cu rren t velocity. T h e  m ean silt co n ten t 
according to  the  sed im ent m ap  (Sfloat) is the  m ost im p o rtan t co m p o n en t o f  P C 2 and  
PC 3 is prim arily determ ined  by salinity. This gives an  indication o f  the  environm ental 
regim es th a t are o f  particular im portance a t the  s tudy  sites. P lo tting  the  results o f  the 
PCA -analysis in tw o  d im ensions (i.e. ignoring PC3) show s a s tro n g  tendency- o f  the 
study plo ts o f  a particular study location  to  cluster together (Figure 7-1). T his m eans 
th a t the m ost efficient way to  increase the variation in habitats is n o t to  increase the 
nu m b er o f  study plo ts a t a given site (since this will am o u n t to  m o re  o f  the  same), 
b u t to  increase the  n u m b er o f  study sites. A t H o o g e  P la ten  and  R ug van  Baarland, 
several study plo ts appear to  d iffer considerably from  the  o th e r p lo ts (Figure 7-1). In 
b o th  cases these study plo ts are characterized as highly dynam ic. W hen  w e used 
M ulti D im ensional Scaling (M DS) to  study these relationships, a very sim ilar picture 
em erged, supporting  o u r conclusions. (PCA is generally used to  dep ic t relationships 
in  tw o dim ensions. M D S w orks m uch  b e tte r than  PC A  w hen  the o rd ination  is best 
perfo rm ed  in m ore than tw o dim ensions. I f  the M D S p lo t results in a sim ilar pattern  
than  a PC A  plo t, the  M DS can be seen as a s tro n g  indication tha t tw o dim ensions is 
enough to  show  the m o st im portan t (groups of) variables.)

N ext, we studied the pred ic ted  ben th o s densities. I t  tu rn ed  o u t th a t the M D S p lo t o f  
the pred ic ted  b en th o s densities strongly resem bled the  M D S p lo t o f  the  abiotic 
variables. T h e  greatest similarity betw een the  p a tte rn  in abiotic variables and  the 
pattern  in predicted  b en th o s  densities was ob ta ined  w hen  the abiotic variables height 
and  salinity w ere used. T h e  s tro n g  resem blance betw een  pa tte rns in abiotic variables 
and  predicted  b en th o s densities does n o t com e as a surprise, since b en th o s  densities 
w ere pred ic ted  from  abiotic variables. H ow ever, it provides an  argum ent against the 
inclusion o f  pred ic ted  ben th o s densities as p red ic to r variable in m odels predicting the 
bird foraging hours tha t already con ta in  abiotic variables.

Finally, w e applied M D S to  stud}- the variation  in the  b ird  com m unity  betw een 
diffe ren t study plots (Figure 7-2). As w ith the  abiotic variables it is very clear tha t the 
study plo ts a t a given study site tend  to  cluster together, i.e. p lo ts  from  the sam e site 
are m ore sim ilar to  each o th e r  than  to  p lo ts from  o th e r sites. T o  investigate if  the 
p a tte rn  in  abiotic variables was sim ilar to  the  p a tte rn  in the  b ird  com m unity', w e 
correlated  the  abiotic similarity m atrix  w ith  the b ird  similarity- m atrix  (a similarity 
m atrix  contains for each com bination  o f  p lo ts a value indicating how  sim ilar they are 
with respect to  the  value for certain variables). Basically this m eans that, if  w e think 
in tw o dim ensions, we are looking w ith  w hat abiotic variables we w ould  get a plot 
tha t w ould  look  as m uch as possible as the p lo t th a t w e w ould  resu lt w ith the  biotic 
data. H ow ever, the  analysis we used does n o t com pare  the plots, b u t uses the 
underlying similarity m atrices, thereby, becom ing  in d ep en d en t o f  the 2 dim ensional 
o rdinations. F o r the abiotic similarity m atrix, we varied the  abiotic variables that were 
included, until we found  the abiotic m atrix tha t had  the h ighest correlation w ith  the 
b ird matrix. W e selected the  abiotic variables from  the  list in Table 7-1 and 
perfo rm ed  the analysis for individual coun ts and  for the average o f  all counts. T he 
results o f  this analysis are given in Fable 7-2. T he abiotic variables tha t are included 
in the b est correlating abiotic m atrix  vary betw een counts.
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Figure 7-2. M D S  p lo t o f  the sam pled p lo ts on the basis o f  the b ird  counts. E ach b ird  species represents a  variable 
an d the value o f  the variable is  the num ber o f  foraging hours averaged over the counts. E ach do t represents a  study  
p lo t. D a ta  are norm alised values.

T his cou ld  be due to  the  b irds using d iffe ren t hab itats in  d ifferen t seasons. 
A lternatively, it cou ld  be  due to  the  d ifferences in  phenology betw een  the  d ifferen t 
b ird  species. T hese differences in phenology will cause the b ird  com m unity  o f  a p lo t 
to  change in  th e  course o f  the  season an d  this may change the  similarity betw een 
plots. D esp ite  th is variation betw een co u n ts , there  is also a clear general pattern . 
M ean heigh t an d  salinity are nearly always included  in  the best fitting abiotic matrix. 
N o t surprisingly, they are also included w hen  the  b ird  m atrix  was calculated from  the  
n u m b er o f  foraging h o u rs  averaged o v er all coun ts. In  th a t abio tic m atrix , a variable 
indicating w h e th e r a p lo t is highly dynam ic o r n o t, is also included. Interestingly, the 
b ird  m atrix  based  o n  the  average o f  the co u n ts  has the  h ighest correlation w ith an 
abiotic m atrix. T his suggests th a t there  are general hab itat characteristics th a t 
in fluence the  d istribu tion  o f  the  birds, in d ep en d en t o f  season.

Table 7-2. Sum m ary o f  the correlation between the b ird  m a trix  an d  the abiotic m atrix . F or each count and for the 
average o f a ll counts, the highest correlation is  given, the associated significance level an d  the abiotic variables 
included in  the abiotic m a trix  w ith  the highest correlation to  the b ird  m atrix .___________________________________
C ount B est ab io tic  variables C orrelation  

(S pearm an  r)
S ignificance

(P )
S e p te m b e r  2003 H m e a n , Salt 0 .29 0.002
N o v e m b e r  20 0 3 H m e a n 0.31 0.004
January  20 0 4 H m e a n , S a lt, D y n , V m ean , S flo a t 0 .47 0.004
M a rc h  2004 H m e a n , Salt, V m ean 0.47 0.004
A p ril 2004 Salt 0 .37 0 .0 0 4
M ay 2004 H m e a n , Salt 0 .36 0 .0 0 4
A verage H m e a n , Salt, D y n 0 .60 0.004
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A p p e n d ix  2 C lassifica tio n  a n d  R eg re ss io n  T rees  (C A R T)

A relatively new  tool in ecological sciences to  explore the relationship  betw een one 
response variable and  m ultiple explanatory  variables is a regression o r  classification 
tree (D e 'a th  &  Fabricius 2000). T ree  m odels deal b e tte r w ith non-linearity  and 
in teraction  betw een explanatory variables than  regression, G L M  and G A M  m odels. 
H ence, they can be used to  find in teractions th a t w ere n o t discovered by  o th er 
m ethods. C A R T  com plem en t o r rep resen t an  alternative to  m ultiple regression, 
analysis o f  variance, logistic regression, log-linear m odels, linear d iscrim inant analysis, 
and  survival m odels. T hey  also indicate w hich explanatory variables are m ore 
im p o rtan t an d  are n o t influenced by correlated  variables.
C lassification trees are used for the  analysis o f  a nom inal response variable, and 
regression  trees fo r a n o n -n o m in a l/n u m eric  response variable. W ith classification 
trees n o  transfo rm ation  o f  the data is necessary (this in co n tra s t w ith D iscrim inant 
Analysis). R egression trees m ay require transform ation  o f  the response variable.

T rees explain variation o f  a single response variable (Y) by repeatedly splitting the 
data  in to  m o re  hom ogeneous g roups, using com binations o f  explanatory  variables 
(Xi) th a t m ay be categorical a n d /o r  num eric. T h e  algorithm s used require m assive 
com putational p o w er an d  have only  becom e recently available fo r desk top  
com puters. D etails can be  found in D e 'a th  &  Fabricius (2000) and references therein.

As an exam ple the  O ystercatcher data o f  the  W esterschelde have been analysed by a 
regression tree analysis.

W e used the follow ing variables:
•  Explorator}' Variables (untransform ed):

o  H m ean: m ean height 
o  E m ean: exposure time 
o  Salt: salinity 
o  M 0A V G : avg. silt co n ten t 
o  S63: avg. fract. <  63pm  
o  V m ean: avg. cu rren t speed

•  R esponse Variable
o  Bird hours O ystercatcher 
o  T ransform ed: (Bird hours O ystercatcher) 1/4

T h e  results are depicted  in Figure 7-3. C oncen tra ting  on  the right tree w hich explains 
m o st o f  the  variation one should read the tree as follows. M ean height is the first 
variable tha t splits m o st o f  the data in to  tw o groups. T h e  length o f  each b ranch  is a 
m easure o f  the  am oun t o f  variation th a t is explained by the variable. I f  M ean height 
(H m ean) is less than -28.63 one follows the le ft b ranch , otherw ise the right branch. 
O n  the left b ranch  Salt is then  used to  split the data into 2 groups: if  salinity (Salt) is 
larger o r  equal to  24.3 the expected n u m b er o f  b ird  hours is 0; o therw ise, if  salinity is 
sm aller than  24.3 the expected num ber o f  b ird  hours is 1.4 (SE =  0.006; the standard  
e rro r is given in the ex tended  text ou tput).
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T h e  right side o f  the  tree indicates (H m ean is larger o r  equal to  -28.63) th a t salinity is 
the second im p o rtan t variable with salinities larger o r  equal to  26.9 end ing  in a 
pred ic ted  n u m b er o f  bird ho u rs  o f  2.9 (SE =  0.15), o therw ise cu rren t velocities 
(V m ean) are im portan t: a t high curren t velocities (larger than  40.6) the  m odel 
p red ic ts 2.7 (SE =  0.27) O ystercatcher hours while a t low er velocities there  is a n o n ­
linear effect o f  m ean height w ith expected bird hours o f  0.16 (SE =  0.15) a t m ean 
heights less than  37.5 and 1.8 bird hours (SE =  0.2) a t larger heights.
T h e  regression tree thus indicates th a t H m ean and  Salt are the  main variables with 
som e additional variation explained by V m ean. H ow ever, the  ex tended  o u tp u t also 
indicates w hich variables w ould  give sim ilar results: M ean height could  be replaced 
by exposure tim e (E m ean), Salinity' by  average silt co n ten t (M 0A V G ), and  V m ean 
could be replaced by Salt o r  M 0A V G  o r S63.
O n e  app aren t advantage o f  regression trees com pared  to  G L M  is tha t pred ic ted  bird 
ho u rs  will n o t reach unrealistic high values if  the explanatory' variables reach values 
h igher than those used to  construc t the  m odels.

O y s te rc a tc h e r  u n tra n s ío rm e d  O y s te rc a tc h e r  t ra n s fo rm e d
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Figure 7-3: R esults o f regression tree analysis f o r  nutranform ed  observed b ird  hours (left: r = 0 .7 5 )  and  
transform ed observed b ird  hours (R ight: r = 0 .9 0 ) .
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