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ABSTRACT: Over the past 20 years, a tradition has developed in western  Europe of carrying out 
shorebird surveys in estuaries. These counts are mostly conducted by amateur  ornithologists, usually 
well acquainted with the area in which they are active. The results of these surveys are well 
reproducible for at least the abundant  species, and information is available on the size of the errors 
which occur. In several  parts of Europe, shorebird surveys have been  carried out long enough  to 
allow trend analysis of population size. Four examples from Great  Britain demonstrate  that  monitor- 
ing schemes may also be used for managemen t  purposes, especially if combined with specific 
research projects. Long-term shorebird surveys can be used not only for simple analysis of t rends in 
bird numbers,  but  also to provide a deeper  unders tanding  of the functioning of the ecosystem. They 
may also act as a tool to document  the .effects of managemen t  activities in the area concerned. 
Shorebird surveys in the Wadden Sea have not only revealed the extremely large importance of the 
area, especially for waders, but  also show that  different areas are exploited in different ways. They 
have also provided data on changes  in bird numbers  throughout  the year. Apart  from the counts 
carried out in January,  the frequency of counts in most areas in the Wadden  Sea has been  too low to 
allow the results to be used for monitoring purposes. In an area as large a s  the Wadden Sea, some 
sites, often supporting large numbers  of birds, may not always be covered during simultaneous 
surveys. This may seriously affect the completeness of the count. The best  way to overcome this 
problem is to calculate index values, using only those sites which have been  surveyed in successive 
years. Two monitoring schemes are proposed which may be  effective in providing relevant  informa- 
tion for managemen t  purposes. 

I N T R O D U C T I O N  

C o a s t a l  w e t l a n d s  t h r o u g h o u t  t h e  w o r l d  a r e  t h r e a t e n e d  in  m a n y  ways .  T h e s e  t h r e a t s  

r a n g e  f rom a f ew  l a r g e - s c a l e  h u m a n  ac t iv i t i es  h a v i n g  i r r e v e r s i b l e  e f fec ts  {like e m b a n k -  

m e n t s ,  t he  c o n s t r u c t i o n  of c a u s e w a y s ,  a n d  s e a  l e v e l  r i se  as  a r e s u l t  of t he  g r e e n h o u s e  

effect} to a l a r g e  v a r i e t y  of h u m a n  ac t iv i t i es  on ly  h a v i n g  loca l  a n d / o r  r e v e r s i b l e  e f fec t s  o n  

t he  e c o s y s t e m  (Smit  e t  al., 1987}. M o s t  w a d e r  s p e c i e s  a r e  m i g r a t o r y  for p a r t  of t h e  year ,  

a n d  s o m e  m i g r a t e  o v e r  v e r y  l a r g e  d i s t a n c e s .  D u r i n g  m i g r a t i o n  t h e s e  b i r d s  exp lo i t  

w e t l a n d s  to u n d e r g o  m o u l t  or to f a t t e n  u p  for a f u r t h e r  f l igh t  (P ie r sma ,  1987}. T h i s  i m p l i e s  

t h a t  h u m a n  ac t iv i t i e s  m a y  affec t  a m u c h  l a r g e r  n u m b e r  of b i r d s  t h a n  t h o s e  p r e s e n t  a t  a 
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specific moment.  H u m a n  activities, for instance,  can negat ively  affect food intake at a 
stopover site in  temperate  areas and  may directly affect the bui ld ing up of fat reserves for 
a long-distance flight to winter  quarters in West Africa, eventual ly l ead ing  to lower 
survival or smaller numbers  in the winter ing areas. 

Counts of shorebirds (defined here as birds from estuarine habitats, i.e. cormorants, 
grebes, ducks, geese, waders, gulls and  terns) are a useful tool to de termine  the n u m b e r  
of birds at a specific site. The results are well reproducible for at least the a b u n d a n t  
species, and information is available on the size of the errors which occur (Rappoldt et al., 
1985; Prater & Lloyd, 1987). Despite the effectiveness of shorebird counts in  de termining 
bird numbers ,  the consequences  of h u m a n  activities are often difficult to measure.  Bird 
numbers  following embankmen t s  in the Tees, for instance, were difficult to interpret  
because of interactions be tween  species (Evans, 1981). "Natural" f luctuations in bird 
numbers  be tween  years (Smit & Wolff, 1981) and the apparent  possibilities of at least 
some birds to compensate  for area loss (van Latesteijn & Lambeck, 1986) make  interpre- 
tations even  more difficult. In order to unders tand  the consequences  of h u m a n  activities 
more fully, addit ional information should be collected, next  to information on bird 
numbers ,  on how migratory birds are exploiting the available wetlands. For birds using 
the East Atlantic flyway (Smit & Piersma, 1989), this implies that information should be 
available from a considerable n u m b e r  of wet lands in  nor thern Europe a nd  West-Africa 
from as far north as nor thern  Norway and  southern Green land  (for ins tance  for Knot 
Cafidris canutus and Purple Sandpiper Calidris mariUma) to as far south as the Republic 
of South Africa (for instance for Knot and Sanderling Calidris alba). 

Shorebird counts can be a very useful tool in determining whether wetlands still fulfil 

the needs of the birds. In this paper, the results of some of these counts and some 

examples of their possible application will be shown. Additionally, some comments will 

be made as to whether the available data for the Wadden Sea can be used successfully. 

Finally, some recommendations will be made on how to set up monitoring schemes which 
may provide useful data for management purposes in the Wadden Sea. 

EXAMPLES ON T H E  POSSIBLE USE OF A MONITORING SCHEME BASED ON 
WADER COUNTS 

In the past, shorebird counts in the Wadden  Sea have been  used frequently to 
document  the value for birds of specific parts of the area, e.g. the salt marshes and  
mudflats in Friesland (Zegers, 1975), Dollard (Bergman & Dankers, 1978), Leybucht  (Dahl 
& Heckenroth, 1978) and Nordstrander Bucht (Schultz, 1981). Apart from the case of 
Brent Goose Branta bernicla, shorebird surveys have b e e n  used only in a few cases for 
questions related to the m a n a g e m e n t  of the area, Some examples are studies on the 
effects of hun t ing  (e.g. Meltofte, 1982), the conditions for the construction of a na tura l  gas 
exploitation platform (Oranjewoud, 1984), and  the route of an oil t ransport  p ipehne  (de 
Vlas, 1981). Studies from Great  Britain show that monitoring schemes can b e  effective in  
answer ing questions related to nature  management ,  especially if combined  with addi- 
tional, more specific studies. A well-functioning monitoring scheme may give the first 
hint  that there are abberat ions from the normal  pattern. The fact that all examples  come 
from Great  Britain is mainly due to the older tradition of shorebird surveys, in combina-  
tion with more complete coverage in the course of the year. Ducks and geese  have b e e n  
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monitored in Great Britain from the 1950s, waders from 1969 onwards. The wader  
scheme has been  set up and is co-ordinated by the British Trust for Ornithology (BTO). It 
includes approximately 120 discrete estuaries, most of these covered 4-5 times annual ly  

(PrOs-Jones & Kirby, 1987). 

D i s t u r b a n c e  of h i g h  t ide  roosts  o n  t he  De e  ( b a s e d  u p o n  M i t c h e l l  e t  al., 1988) 

Mid-winter  wader  counts on the Dee estuary close to Liverpool from 1975/76 to 1984/ 
85 showed a dramatic decline in numbers  for Bar-tailed Godwit (Limosa lapponica) and 
Knot (Fig. 1). In the same period, the total populat ion of Bar-tailed Godwits winter ing  in 
Great  Britain increased whereas Knot numbers  went  down, the nat ional  decrease of the 
latter species, however, be ing far less pronounced than the decrease on the Dee. In the 
same period, both Bar-tailed Godwit and  Knot numbers  in the nearby  Alt estuary 
increased, an increase fully compensat ing  for the decrease on the Dee. Additional 
observations have shown that intensive dis turbance on the Dee high tide roosts, mainly  
by dogs, horseriders and walkers, has forced the birds to change their roosting sites from 
the Dee to the Alt estuary. Since both species still use the traditional feeding grounds on 
the Dee, this imphes an extra 40-km round-tr ip be tween  feeding grounds and  roosts for 
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Fig, 1. Changes in numbers of Bar-tailed Godwits and Knot in peak midwinter counts on the Dee and 
Alt estuaries {United Kingdom) and the peak midwinter counts on the Dee plotted against peak 
midwinter counts an the Alt. Code numbers refer to the winters: 1970/71 = 1, 1985/86 = 14. Both for 
Bar-tailed Godwit and Knot there is a significant negative correlation (P < 0.01) {from Mitchell et al,, 

1988) 
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Knot on each tidal cycle. This equals  an extra energetical  demand  of 7 % of the daily 
energy expendi ture  for one round-tr ip flight. The effects for Bar-tailed Godwit  are less 
severe because  this species traditionally uses different feeding grounds. The  impact  of 
the extra energy demand  is still difficult to evaluate. 

Dunlin Calidris alpina numbers and the spread of Cord grass Spartina anglica 
(based upon Goss-Custard & Moser, 1988) 

Numbers  of D u n l i n  winter ing in the British Isles, the Nether lands  and  France have 
decreased considerably since 1973/74. This decrease has been  most conspicuous in the 
British Isles where  numbers  have approximately halved. There are very considerable 
differences be tween  estuaries, n u m b e r s  remaining  stable in some and  decreas ing in 
others (Fig. 2). When  ranking the most important  estuaries in order of the  spread of 
Spartina, Dunl in  appear  to have decreased most severely in estuaries showing the largest 
Spartina spread (Fig. 3). These data suggest that Dunlin have b e e n  displaced from 
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Fig. 2. Peak numbers of Dunlin in 4 estuaries in the United Kingdomduring the winters 1971/72 to 
1984/85 (from Goss-Custard&Moser, 1988) 
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Fig. 3. Annual rate of change in Dunlin numbers in winter in the ten most important estuaries for 
Dunlin in the United Kingdom against ranked change in Spartina anglica abundance over the same 
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estuar ies  where  Spartina has spread.  There  are no indicat ions that  they  have  b e e n  able  to 
re -es tabhsh  themselves  e lsewhere  in Britain or in the  ne ighbour ing  countries.  Dunl in  are 
cons idered  vulnerab le  to Spartina spread.  In order  to replenish  their  ene rgy  n e e d  in 
winter  they  have to feed almost cont inuously throughout  the t idal  cycle. This appl ies  to 
adults, and  even more so for the less exper i enced  juveni le  birds. For this reason,  Dunlin 
intensively use the h igher  parts  of the tided flats at the beg inn ing  and the end of each  low 
tide period,  areas  pr imari ly  affected by  Spartina spread.  As a result  of the  p resen t  Dunhn 
case, methods  are  under  study to counteract  the nega t ive  effects of SpaFa'na spread.  

W a d e r  n u m b e r s  a n d  p o l l u t i o n  in  t h e  C l y d e  e s t u a r y  ( b a s e d  u p o n  F u r n e s s  e t  al. ,  
1986) 

From the middle  of the 19th century  onwards,  the Clyde es tuary  (Scotland) was 
heavi ly  pol lu ted  by  domestic  sewage  and  industr ia l  wastes.  High organic  pol lut ion was 
still going on in the ear ly 1970s, l ead ing  to high densi t ies  in a small  number  of inter t idal  
inver tebra te  species  tolerant  of organic  pollut ion and low 02 levels, which provide  rich 
feeding  for severa l  w a d e r  species.  Recent  success in reducing  the input  of organic  
pol lutants  may  have  led  to decreas ing  numbers  of waders ,  a pa t te rn  which differed from 
the nat ional  t rends and could not be  exp la ined  by  changes  in the b reed ing  habi ta t s  of the 
species  involved (Fig. 4). The decrease  was most p ronounced  in species  feed ing  mainly  
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Fig. 4. Results of wader counts for Lapwing Vanellus vaneflus, Dunlin Calidris alpina and Redshank 
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on Corophium volutator. Lower  bi rd  numbers  were  exp la ined  by  r e d u c e d  organic 
pollution, which  is b e h e v e d  to have  caused  a reduct ion of the stocks of the  main  p rey  
organisms or to have  l ed  to h igher  O2 levels,  a l lowing fish to compete  more  intensively 
wi th  waders  for the  avai lab le  prey.  

L i m i t s  to  t h e  n u m b e r s  of G r e y  P l o v e r s  Pluvialis squatarola o n  B r i t i s h  e s t u a r i e s  
( b a s e d  u p o n  M o s e r ,  1988) 

The numbers  of Grey  Plovers winter ing  in British estuaries  have  b e e n  found to 
increase  s teadi ly  over  the pas t  17 years  (see Fig. 8). Elsewhere  in wes te rn  Europe ,  ei ther  
the  same has  h a p p e n e d  or numbers  have  r ema ined  stable,  so the  inc rease  in Britain 
cannot  be  exp la ined  as a shift from winter ing  quar ters  at close distance. T h o u g h  there  are 
no rehable  da ta  avai lable  on the si tuat ion in the b reed ing  areas,  an i nc rea se  in the 
b reed ing  popula t ion  is the most  l ikely explana t ion  for this phenomenon .  F igure  5 shows 
that  the  na t ional  increase  could be  no ted  in par t icular  estuaries  (like the  Mersey),  
whe reas  at o ther  sites numbers  r ema ined  s table  or inc reased  only shght iy  (like Chiches-  
ter  Harbour).  This suggests  that  sites are fi l led up sequential ly ,  the most  p r e f e r r ed  sites 
a l r eady  be ing  fully exploi ted  by  Grey  Plovers even when  popula t ion  n u m b e r s  are  still 
low. Initially less prefer red  areas  seem to be  fi l led up according  to a cer ta in  preference:  
There  seems  to be  an uppe r  limit (at < 1 Grey  Plover/ha) to the  densi ty  of G r e y  Plovers on 
indiv idual  es tuar ies  (Fig. 6). There  is a t endency  that  es tuar ies  with h i g h e r  average  
Janua ry  t empera tu res  are prefer red  to colder  areas,  but  as a whole  the  factors  b e h i n d  this 
p h e n o m e n o n  rema in  obscure.  Specific research  on the sequent ia l  filling u p  of estuaries,  
in combinat ion  with  the presen t  data,  will provide  impor tant  information on the mechan-  
isms beh ind  the carrying capaci t ies  of es tuar ies  for birds. A basic  u n d e r s t a n d i n g  of these 
processes  is essent ia l  to comprehend ing  the effects of loss of t idal  mudflats  on  shorebirds.  
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Fig. 5. Winter peak numbers of Grey Plovers on the Mersey and in Chichester Harbour (United 
Kingdom) in 1970/71-85186 {from Moser, 1988) 

AN INDEX FOR WINTERING WADER NUMBERS IN GREAT BRITAIN 

The described examples of the possible use of results from wader surveys in mid- 

winter were based on unrevised results of counts. The only adaption was the use of 

maximum figures for each winter (data from November-February). By working up the 
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Fig. 6. Comparison of density indices (birds/ha) of Grey Plovers on 45 estuaries in the United 
Kingdom at low (winter peak count index - 80) and high (winter peak count index = 280) 

population levels (from Moser, 1988) 

data in this way, possible mistakes, for instance due to occasional incomplete  coverage,  

could be accounted for. For single sites this is a rehable  method and there is no need  for 

more complicated methods.  An analysis of the data on large areas, composed  of many 

sites, involves more complicated methods of data handling.  When  calculat ing the 
nat ional  total for Great  Britain or the overall  total for the international  Wadden  Sea area, 

for instance, there are always some sites which cannot be covered  during the census, 
ei ther due to the wea ther  situation or to logistic problems. The size of these areas varies 

greatly be tween  counts. Consequently,  the number  of birds not included in the total 

figure varies as well. Some of these sites may hold large numbers  of birds. For this reason, 
trends in numbers  in Great Britain are general ly  expressed as an index in which the 

results for all sites, surveyed in successive years, are combined with an index  of the 
previous year  (cf. Owen  et al., 1986; Moser, 1988). Indices provide a more rel iable picture 

of bird numbers  actually present  throughout  the country. A drop in the nat ional  totals, for 

instance in Oystercatcher  Haematopus ostralegus totals from Great  Britain in 1979 

(Fig. 7) is not an effect of fewer  birds be ing  present  but  is mere ly  due to an incomplete  

count. For the calculation of this index the following equat ion is used: 

number  year  2 
index year  2 = �9 index year  1 

number  year  1 

where  "number"  refers to the number  of birds from sites which have  b e e n  inc luded in the 

counts of both years. 
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& Kirby (1987) 

Indices for some species  are shown in Figure  8, Grey  Plover and Dunl in  figures 
showing pa t te rns  a l ready  discussed.  Oys terca tchers  'gradual ly i nc reased  in numbers .  
This increase  corresponds with an increase  in the size of the  b reed ing  popula t ions  in the 
Ne the r l ands  und  Britain (Smit & Piersma, 1989}. The  factors beh ind  this inc rease  largely  
remain  obscure.  Higher  winter ing numbers  could be  a resul t  of la rger  b r e e d i n g  popula-  
tions, which  would  mean  that  the carrying capaci ty  in the  winter ing a r eas  had  not ye t  
been  reached,  On the other  hand,  h igher  b r eed ing  bird  popula t ions  could b e  an effect of 
improved  condit ions on the winter ing grounds,  for ins tance  due to h ighe r  food stocks. 
Indeed,  severa l  benth ic  species  in the W a d d e n  Sea  a p p e a r  to have  increased .  A causal  
re lat ion cannot  be  proved  but  this increase  can be  an effect of h igher  p r imary  production,  
due to eut rophicat ion of the W a d d e n  Sea wa te r  (Beukema & Cad~e, 1986}. 

The index  for Knot in Grea t  Britain has  been  ra ther  stable over the  pas t  13 years  
(1975-1987} bu t  is cons iderably  lower  than  figures counted  previously.  A s t rong dec rease  
in Knot numbers  has also been  found e l sewhere  in Europe.  The west  Eu ropean  winter ing  
totals dec reased  from 609 000 in the ear ly par t  of the  1970s to 345 000 (Smit & Piersma, 
I989}, in spite  of more complete  surveys in recen t  years.  The dec rease  is par t icular ly  
s tr iking in France  (from 110 000 to 19 000}, Britain (from 350 000 to 218 000) and I re land 
(from 55 000 to 30 000). The reasons beh ind  this decl ine  are  not known,  b u t  may  be  an 
effect of a series of b a d  b reed ing  seasons,  poss ibly  in combinat ion  with ha b i t a t  loss in the  
winter ing areas  (Green et al., 1977; P ienkowski  & Evans, 1985). 
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SHOREBIRD COUNTS IN THE INTERNATIONAL WADDEN SEA AREA 

The first es t imate of the total  n u m b e r  of birds presen t  in the Dutch par t  of the  
W a d d e n  Sea was made  in October  1931 (van Oordt, 1932), from an aer ia l  survey  of the 
nor thern  part  of the area,  inc luding the i s land of Griend. Extrapolat ing for number s  a long 
the ma in land  coast, van  Oordt  arr ived at 500 000-600 000 birds, but  this f igure is difficult 
to compare  with recen t  data. More or less f requent  surveys of parts of the W a d d e n  Sea  
s tar ted in the 1960s. These  counts were  mostly carr ied out by  amateur  ornithologists,  
except  for those in bi rd  sanctuar ies  whe re  they were  carr ied out mostly by  guards  (for 
ins tance  at  Griend, Engelsmanplaa t ,  Rottumerplaat ,  Rottumeroog,  Memmer t ,  Lfitje HSrn, 
Wangerooge ,  Oldeoog,  Mellum, Knechtsand,  Trischen and  Jordsand).  In two a reas  in the 
Dutch par t  of the W a d d e n  Sea (the Boschplaat  on the eas tern  part  of Terschel l ing  and  the 
is land of Vlieland), w a d e r  and waterfowl  counts were  carr ied out in 1951/53 and  1953/56 
respect ively.  The results  of these surveys have  been  publ i shed  as max imum counts pe r  
month  for each species  (Terschell ing : MSrzer  Bruyns & Braaksma,  1954; Vlieland:  Rooth, 
1960), but  fortunately the  original  f igures from the Terschel l ing counts are  ava i lab le  as 
well  (Visser, pets.  comm.). A compar ison of the 1951/52 da ta  and those from the 1980s 
shows str iking differences for several  species  (Fig. 9). For the Oysterca tcher  the  winter-  
ing f igures are comparable ,  but  especia l ly  in summer  and autumn Oysterca tchers  have  
strongly increased.  Grey  Plovers are  much more numerous  throughout  the year.  For 
Dunlin the picture is more  complex. In the 1980s, Dunlins seem to be more  numerous  in 
au tumn and less numerous  in spring. At present ,  Dunlins are relat ively numerous  in 
au tumn in the a rea  close to the Dutch W a d d e n  Sea is lands and less so along the ma in land  
coast, whereas  in spr ing they are more evenly  spread  throughout  the a rea  (Boere & Smit, 
1981a). The data  for Dunlin in Figure  9 sugges t  that  these  differences in migra t ion  peaks  
b e t w e e n  the is lands and the ma in land  coast  may  have  a l te red  during the pas t  30 years.  

The first s imul taneous  counts in the  Dutch W a d d e n  Sea were  organized  in 1963, 1966 
and from 1972 onwards  (data summar ized  in Smit & Wolff, 1981). In Niedersachsen ,  
comple te  s imultaneous counts have only rarely been  ach ieved  (Knief, 1982). In Schles-  
wig-Holstein,  s imul taneous  counts s tar ted  in 1965, though the area  genera l ly  could not 
be  fully covered. In the following years ,  a ra ther  comple te  picture deve loped  of w a d e r  
numbers  roosting a long the main land  coast  and  on the la rger  inhabi ted  islands.  Inciden-  
tally, a more complete  picture could be  ach ieved  through addi t ional  aer ia l  surveys 
(Busche, 1980). In the  Danish part  of the W a d d e n  Sea, s imul taneous  surveys s tar ted  in 
1969, but  became  more  frequent  in 1974 (Meltofte, 1980). From 1979 onwards ,  monthly  
aerial  surveys have  been  carr ied out, g round  surveys run at a f requency of three  to four 
annual ly  (Laursen et al., 1987). A much  longer  series of counts is ava i lab le  for the 
T ipperne  reserve (in Ringkobing Fjord), an area  only 20 km north of the W a d d e n  Sea 
(Meltofte, 1987). The la t ter  da ta  demons t ra te  the effects of a change  from salt  to fresh 
water,  succession of vegeta t ions  and changes  in m a n a g e m e n t  policies on the species  
composit ion and the numbers  of birds in the  area. 

At tempts  to survey s imul taneously  the whole  in ternat ional  W a d d e n  Sea a rea  s tar ted  
in Sep tember  1973 (Prater, 1974), for the first t ime demons t ra t ing  the enormous  impor-  
tance of the W a d d e n  Sea by  y ie ld ing  approx imate ly  2 million waders .  Since 1981, 
approximate ly  2-3 s imul taneous  annua l  surveys have  b e e n  made  each  yea r  in the 
in ternat ional  W a d d e n  Sea area. The first results  of these  surveys were  p u b h s h e d  quite 
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soon after that (Stair, 1982). A combinat ion of all existing shorebird counts in  the 
internat ional  Wadden  Sea area has yielded in the meant ime a fairly good picture of bird 
numbers  throughout  the year and  of the distribution of species (Busche, 1980; Meltofte, 
1980; Smit & Wolff, 1981). 

AN INDEX FOR WADER NUMBERS IN THE DUTCH PART OF THE WADDEN SEA 

As in Great  Britain, fluctuations in shorebird numbers  in  the whole W a d d e n  Sea area 
will be bet ter  reflected by an index than by unadjus ted  counts. As yet, there is no 
tradition of calculating indices for waders or waterfowl in the Wadden  Sea area. Figure 10 
shows prel iminary results for 3 wader  species from the Dutch part  from 1974-84. Apart 
from some trends which are comparable with data from Great Britain, there are consider- 
able differences. Most obvious is the large decrease in Grey Plover numbers ,  caused by 
massive departure due to a severe cold spell in January  1982. This effect is less 
pronounced in the other two species but  still noticeable. Due to lower winter  tem- 
peratures in the Wadden  Sea, massive departures will occur more often than  in British 
estuaries. Figure 10 shows quite clearly that the results of the counts carried out in the 
Dutch part of the Wadden  Sea in the past can be used for index calculations, at least for 
some a b u n d a n t  species. The results will improve when more data are inc luded  (by us ing 
more sites) and  will become more interest ing when  using data covering a longer  period. 

January  surveys have b e e n  carried out at many  sites in the Wadden  Sea since the early 
1970s. Surveys covering other months apart  from the mid-winter  month  of January  have 
been  carried out less frequently (i.e. in some years a spring survey has b e e n  organized in 
April, in other years in May). Consequent ly,  these data cannot  be used for comparing bird 
numbers  be tween  years or for calculating trends through indices. Exceptions to this rule 
are probably the frequent  counts which have been  conducted in bird sanctuaries  in 
spring and summer,  and  the aeriaI survey programme in the Danish W a d d e n  Sea. Special 
programmes set up to monitor the annua l  peak  numbers  of, for instance,  Grey Plover or 
Knot require a survey around a specific date in May each year. For the two Knot 
populations present  in the Wadden  Sea, these data will be two weeks apar t  (Prokosch, 
1988), demonstra t ing that if there is a desire to survey the peak  numbers ,  f requent  counts 
are necessary. Due to logistic problems, it is not possible to organize f requent  s imultane-  
ous counts in the whole Wadden  Sea throughout  spring and  autumn.  For this purpose, a 
separate monitoring scheme will have to be developed. Such a scheme would  have to be 
set up next  to less frequent  s imultaneous surveys which yield informat ion on total 
numbers  and  the distribution of birds over the area. 

ADDITIONAL INFORMATION FROM RINGING STUDIES 

Though shorebird surveys may reveal a great deal about  wader  migra t ion  patterns, 
site use and trends in numbers ,  there are obvious limitations as to what  they can reveal. 
Additional field studies, focussing on specific questions, may help to complete the 
picture. For several wader and  goose species it is possible to get insight into the annua l  
chick production by simply determining the adult- juvenile ratio in a u t u m n  in the field. 
There appear  to be considerable differences be tween  sites that are not yet  fully under-  
stood (Furness & Baillie, 1981; Pienkowski & Evans, 1985), also showing that  adults and 
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Fig. 10. Preliminary indices on the numbers of Oystercatcher, Grey Plover and Knot, based on data 
from Texel, Terschelling, Ameland, Balgzand, and the Friesland and Groningen mainland coast 

(data IWRB Wader Research Group, largely supplied by counts organized by P. Zegers) 

juveniles often use different areas. This p h e n o m e n o n  has also b e e n  demonstra ted in the 
Wadden  Sea (van der Have et al., 1984; Swennen,  1984). The annua l  chick production 
can be highly variable be tween  years (Boere, 1974; Furness & Bailhe, 1981; Summers  & 
Underhill, 1987), which may be important  information when  counts reveal a dramatic 
drop in numbers  of certain species (cf. the example for Knot on p. 374). Catching and 
r inging programmes,  in combinat ion with biometrical research on the captured birds, 
help to show the origin of the populations, the composition of the bird populations, and 
also help to document  more fully how these birds exploit these areas. They yield 
information on the following topics: 
- the presence of relatively rare species (Jukema, 1979) 
- the adult- juvenile ratio and the way different age classes are us ing a specific area (van 

der Have et al., I984) 
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- the p resence  of subspecies  which  cannot  be  d is t inguished in the  field (e.g. for 
Redshank  in Boere & Smit, 1981b) 

- the male - female  ratio (Prokosch, I988) 
- the progress  of moult  (Boere, 1976) and  eventua l  changes  in the use of an a rea  as a 

moul t ing p lace  
- the progress  of p re -migra tory  fa t tening (e.g. Prokosch, 1988) and  di f ferences  b e t w e e n  

years  
- survival  ra tes  (Metcalfe & Furness,  1985) 
- turn-over  ra tes  (Kersten & Smit, I984) 
- changes  in site fidelity (Symonds et al., 1984; Metcalfe  & Furness,  1985), for ins tance 

due  to h u m a n  activities or habi ta t  changes  
- in ter -es tuar ine  movements  (Pienkowski  & Pienkowski ,  1983) 
- the use  of bi rd  feathers  for specific projects,  e.g. for moni tor ing levels  of h e a v y  meta ls  

(Goede & de Bruin, 1984). 
To al low for comparison be tween  years,  ca tching and r inging  p rog rammes  should ideal ly  
have  the charac ter  of a monitor  p rog ramme,  us ing constant  ca tching  t echn iques  and 
input  of ca tching efforts. 

PROSPECTS FOR THE FUTURE 

The s t andard  shorebird  counts in the  in ternat ional  W a d d e n  Sea a rea  t a k e n  in months 
other  than Janua ry  will not be adequa t e  enough  to document  long- te rm c ha nge s  in bird 
numbers .  Except ions  to this genera l  rule  could  be, perhaps ,  the  da ta  s u p p l i e d  by  aer ia l  
surveys in the Danish W a d d e n  Sea, as wel l  as the da ta  from spr ing and s u m m e r  from bird  
sanctuar ies  and  some areas  where  long series of f requent  counts are b e i n g  carr ied out 
(i.e. Balgzand,  Schiermonnikoog,  Dollard, E l i sabe th-Aussengroden ,  Langli).  In general ,  
the in ternat ional  counts have  been  too i r regular  to fit moni tor ing purposes .  An  except ion 
to this rule are  counts of Brent Goose, for which  species  specific annua l  counts  have  been  
organized  in May, when  p e a k  numbers  are  presen t  in the W a d d e n  Sea  (Ebbinge  et al., 
1981). For waders ,  a specific approach  such as that  app l i ed  in the  case of Brent  Goose is 
not poss ible  because  migrat ion peaks  in the  W a d d e n  Sea differ from spec i e s  to species,  
and  changes  in bird numbers  in the W a d d e n  Sea may  occur th roughout  the  yea r  (cf. Fig. 
9). In order  to par t ly  avoid this problem,  a series of f requent  counts in s e l ec t ed  areas  
should be  set  up throughout  (most of) the year.  These  counts should p re f e r ab ly  be  carr ied 
out by  professional  or by  well  t ra ined and  wel l  mot iva ted  ama teu r  ornithologists ,  in order  
to gua ran tee  complete  surveys over a long period.  The sites chosen should  preferab ly  be  
represen ta t ive  of la rger  par ts  of the  W a d d e n  Sea. Since every  site has  its o w n  character is-  
tics, this condit ion is p robab ly  not very  realistic. Therefore,  a var ie ty  of s i tes  should be  
chosen. It is impor tant  to include,  next  to some small  a reas  which  are re la t ive ly  easy  to 
count, some larger  a reas  holding la rger  numbers  of birds, on the m a i n l a n d  as wel l  as on 
the islands. A scheme l ike this has been  in pract ice since ear ly 1987 in Schleswig-  
Holstein (Prokosch, pets.  comm.). These  counts are carr ied out a round  e a c h  spr ing tide, 
i.e. at a f requency  of approximate ly  15 days.  This type  of scheme can b e  a d a p t e d  to cover 
the  whole  W a d d e n  Sea  area. It is difficult to predict  how many  plots it wi l l  require  to 
satisfactorily ana lyse  t rends in numbers .  This will l a r g e l y  d e p e n d  on the n u m b e r s  of each 
par t icular  species  and its distr ibution throughout  the area.  
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N e x t  to i n f o r m a t i o n  o n  t he  fa te  of t h e s e  b i rd s  in  t h e  W a d d e n  S e a  i tself ,  a m o n i t o r i n g  

s c h e m e  as  p r o p o s e d  h e r e  wil l  p r o v i d e  i n f o r m a t i o n  on, or  cal l  a t t e n t i o n  to, d e v e l o p m e n t s  

e l s e w h e r e  in  t h e  f l yway  a rea .  For  t he  W a d d e n  Sea ,  s e v e r a l  m a j o r  d e v e l o p m e n t s  m a y  b e  

e x p e c t e d  for t h e  c o m i n g  years ,  e.g. s ea  l e v e l  rise,  a n  o n g o i n g  p o l l u t i o n  of s e a  w a t e r  w i t h  

p e r s i s t e n t  c h e m i c a l s ,  a pos s ib ly  d e c r e a s i n g  e u t r o p h i c a t i o n ,  or a f u r t h e r  i n c r e a s e  of h u m a n  

act iv i t ies .  S h o r e b i r d s  a re  r e l a t i ve ly  e a s y  to moni to r .  As  t o p - p r e d a t o r s  in  food  c h a i n s  t h e y  

r e p r e s e n t  p o t e n t i a l l y  g o o d  i n d i c a t o r  o r g a n i s m s .  A p r e l i m i n a r y  a n a l y s i s  of t h e  a v a i l a b l e  

s h o r e b i r d  c o u n t s  in  t h e  W a d d e n  Sea  i n d i c a t e s  t h a t  on ly  a s y s t e m a t i c a l l y  o r g a n i z e d  

s c h e m e ,  p r e f e r a b l y  in  c o m b i n a t i o n  w i t h  a c a t c h i n g  a n d  r i n g i n g  p r o g r a m m e ,  wi l l  b e  ab l e  

to d o c u m e n t  c h a n g e s  in  b i r d  n u m b e r s .  T h e  i n f o r m a t i o n  it  wi l l  p r o v i d e  is e s s e n t i a l  for 

succe s s fu l l y  d e t e r m i n i n g  t h e  effects  of m a n a g e m e n t  pol ic ies .  A d d i t i o n a l l y ,  a m o n i t o r i n g  

s c h e m e  of th i s  k i n d  wil l  p r o v i d e  sc ien t i f ica l ly  i n t e r e s t i n g  d a t a  w h i c h  wi l l  a l l o w  us  to 

u n d e r s t a n d  b e t t e r  t h e  r61e of s h o r e b i r d s  in  t he  e c o s y s t e m ,  a n d  t h e  r e a s o n s  for t he i r  

o c c u r r e n c e  in  t h e  p r e s e n t  n u m b e r s .  
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