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Introduction
As is now  w ell known, very large numbers o f waders from  breeding grounds across 

much o f the Palaearctic and Eastern Nearctic m oult and overw inter on the tidal lands 
o f the East A tlantic from  Scotland and Denmark southwards. It is also becoming cle- 
ar, thanks to the counts organised by IW RB and others, that the specific composition o f 
the w intering flocks varies greatly between sites separated by tens as w ell as hundreds 
o f kilometres. This has implications for conservation policy in at least two general 
ways. Firstly, there is a need to ensure protection for an adequate ränge o f sites to sa- 
feguard the variety o f species. Secondly, some knowledge o f the causes o f these distri- 
butional differences would be useful for management plans for protected sites, in as- 
sessirig the impact o f losses o f various sites or parts o f sites, and in considering whether 
alternative surviving sites are like ly  to provide suitable habitats for displaced birds.

To detail the distribution and habitat requirements o f each species would be tedious 
and, in many cases, d ifficu lt because o f lack of data. Instead, this paper w ill consider, 
in general terms, the differences between the two most important fam ilies o f waders, 
the Scolopacidae, including sandpipers, godw its and their allies, and the Charadriidae 
or plovers.
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Charadnus Churadrius Pluvialis Haematopus Numenius Limosu Limosa Tringa Culidris Cahdris
hiaticu/a alexandrinus iquatardu ostralegus arquuta limosa lappomca totanus alpinu canutus
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Figure 1.
Percentage composition of wintering wader populations on the coasts of the West Palaearctic.

Data fro m  P r a t e r  (1976).

A lthough some species o f both fam ilies breed abundantly as far north as the highest 
arctic, the main w intering ranges o f intertidal plovers do not extend as far north as 
those o f sandpipers (Fig. 1). Even the northern-most w intering coastal species, the 
R inged P lover Charadrius h iaticu la  and the Grey P lover P luv ia lis  squatarola, form  a 
very small proportion o f the wader population north o f Iberia, whereas the coasts of the 
Southern North  Sea, the Irish Sea and the Bay o f Biscay are, o f course, of prime impor- 
tance fo r many species o f arctic and temperate breeding Scolopacidae. (Thesecoasts 
may, o f course, be o f importance also to restricted populations o f some plover species, 
e. g. the British breeding Ringed Plovers, but this paper w ill not be concem ed w ith  di- 
stributional pattem s below  the species level.) In winter, sandpipers outnumber p lo 
vers by nearly 100:1 in the Southern North  Sea and by about 10:1 in north-west Africa. 
However, the proportion o f plovers apparently continues to increase further south for, 
on a 50 km stretch o f coastal lagoons in Ghana in December 1976, T a y l o r  (1977) found 
that R inged Plovers comprised 3 3 % o f the wader population and Grey Plovers 8 %. As 
there can be no direct benefit in increasing the lenght o f the m igration between breed
ing and w intering areas, there must be a greater disadvantage to plovers than to at 
least some sandpipers in w intering farther north.

D ifferences in distribution between the fam ilies also occur on a smaller scale, w ith in 
estuaries, and studies in several areas have shown these to be consistent (Fig. 2). P lo 
vers generally feed at high tidal levels, Kentish or Snowy Plovers Charadrius alexan-
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Low  water feeding distributions in relation to tidal level reported by various authors (1. P ien
kowski unpublished; 2. P ienkowski 1973; 3. EDiNGTONet al. 1973; 4. Spitz 1964; 5. Joyes 1975 &

P ienkowski unpublished).
On each diagram, low water tidal level is indicated by the horizontal line and the top of the beach 

by the curve at the top of the sloping line.
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drinus m ainly at the top o f the beach, Ringed Plovers above m id-tidal level, and Grey 
Plovers mainly at m id-tidal levels. In contrast, the sandpipers and the Oystercatcher 
Haematopus ostralegus ränge w ide ly  in the in tertidal zone, but tend to be concentra- 
ted near the tide edge where prey animals are usually near the mud surface (e. g. V a d e r  

1964).
This paper attempts to account fo r the more southerly w intering distribution o f p lo 

vers and their use o f feeding areas at higher tidal levels by exam ining their feeding eco- 
logy and behaviour.

Foraging behaviour and food
The feeding behaviours o f the two fam ilies d iffer markedly. Plovers forage, proba- 

b ly  visually, by w aiting for prey to reveal itself, either by coming to the surface o f the 
ground, or i f  already on the surface, by moving. The birds run rapidly to catch and 
sw allow  the prey before resuming a waiting position. They also run rapid ly to new 
waiting positions if no prey are detected. P lovers have fa irly  short b ills and do not 
norm ally probe into the substratum. In contrast, sandpipers frequently use an appa- 
rently tactile foraging method (although the in itial positioning o f the b ill may be aided 
by visual cues), placing the b ill tip on the surface or slightly into the substratum to de- 
tect prey, and probing deeper to catch animals detected. This searching method is 
usually accompanied by continual walk ing over the area searched. Although plovers 
very rarely use any technique other than the one described above, sandpipers show 
more varied feeding behaviour but usually include at least some element of tactile fo 
raging. In  the rest o f this paper I shall use the terms ‘p lover strategy’ and ‘sandpiper 
strategy’ to refer to the two techniques, although it should be noted that the methods 
are not exclusive to the two families.

One obvious explanation could be that these differences in foraging methods are 
adaptations to feeding on d ifferent types o f prey. Indeed, G o s s - C u s t a r d  (1977) suggest- 
ed that Redshanks Tringa totanus preferred some prey species to others, and a few  stu- 
dies (e. g. G o s s - C u s t a r d  1970, G o s s - C u s t a r d  et al. 1977) have correlated densities o f 
overw intering Curlews Numenius arquata  and Redshanks their main prey species. 
However, Table 1 summarizes several studies in which the foods o f a ränge o f wader 
species have been investigated in each o f several areas. Tw o points are clear: (i) the 
main prey o f each species varied greatly amongst areas according to what was present, 
and (ii) at any one site, a variety o f b ird  species, both plovers and sandpipers, tended to 
take the same prey species. These general conclusions would not be altered if subsi- 
d iary prey were also included in the comparisons. C learly, therefore, it is unlikely that 
the two shorebird feeding strategies are adaptations to the capture of particular prey 
species.

M ost intertidal invertebrates tend to spend a large part o f the period o f tidal emer- 
gence hidden in the substrate, in many cases beyond the reach o f waders’ bills. From 
time to time, they make themselves tem porarily available to predators. The two sho
rebird foraging behaviours represent alternative ways o f exp lo iting the behaviour o f 
their prey, as w ill now be shown.
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Tab le l.M a in  prey taken by various species of waders at sites where a ränge of species have been studied. Sources: 1. N o r l in  (1965) 
in autumn; 2. H o f m a n n  &  H o e r s c h e l m a n n  (1969), mainly in autumn; 3. B u r t o n  (1968, 1974 & in  litt.) mainly in winter; 4. D. M. 
H erd so n  (unpublished), P ie n k o w s k i (1973), in winter; 5. E v a n s  &  S m it h  (1975), S m it h  (1975), P ie n k o w s k i (1978) in winter.
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Foraging strategy and prey behaviour
In exam ining the behavioural interactions between waders and their prey it is neces- 

sary to study a lim ited area intensively, and the fo llow ing sections are based m ainly on 
w ork at L ind is fam e National Nature Reserve, N. E. England by S m it h  (1975) on the 
Bar-ta iled  G odw it L im osa  lapponica  and P ie n k o w s k i  (1978) on other species, particu- 
larly the plovers Charadrius h iaticu la  and P luvia lis  squatarola.

Although, as shown above, d ifferent prey are taken at different sites, at least some o f 
the conclusions reached at Lindisfarne concerning the interactions o f the predators’ 
and the prey ’s behaviour should have w ider applicability, because: (i) several sandpi- 
per species have been studied elsewhere w ith  compatible results and, although relati- 
ve ly  little  investigated elsewhere, feeding o f plovers is highly stereotyped; (ii) despite 
the w ide variety of prey species which may be taken, many of these are affected in a 
rather sim ilar w ay by physical conditions, e. g. substrate temperature. However, the 
particular conditions which lead to, e. g ., a cessation o f activity probably vary from  one 
invertebrate species to another (e. g. V a d e r  1964, G o s s - C u s t a r d  1969, S m it h  1975, P ie n 

k o w s k i 1978); and (iii) personal observations at various other sites tended to agree w ith  
those at Lindisfarne.

When using the ‘sandpiper strategy’ , the area searched by a b ird per unit time is the 
distance it walks in this time m ultiplied by the combined distance on either side o f its 
path that it searches w ith  its bill, the ‘path w id th ’

The prey taken per minute = area searched per minute = prey density = proportion of prey wit-
hin depth reach of predator = the probability of detecting, selec- 
ting and catching the prey .equation (1).

(W e cannot, w ith  the data available, distinguish between the components o f the 
probability  arising from  each o f these three factors.) This strategy is used at L ind is
fam e by waders as different in size as the small Dunlin Calidris alpina  feed ing on small 
worms and various other small prey, and the large Bar-tailed G odw it feeding on the 
medium-sized polychaete Scolop los armiger.

When using the ‘p lover strategy’ a bird stands still, apparently scanning on area, un- 
til it either moves rapidly a short distance and then repeats the process or runs to peck 
at prey. Thus, unlike the sandpiper strategy in which an area is searched by fa irly  
steady movement over a certain time period, plovers watch a potential catching area 
(assuming that searching is visual) until a cue is detected. The location o f the area se
arched may be changed but the f  actor lim iting the rate o f prey capture is the rate o f ap- 
pearance o f prey.

Thus the prey taken per minute = area ‘watched’ x prey density x probability of individual
prey animal appearing per minute x probability of detecting, 
selecting and catching prey .equation (2).

This probability is, o f course, d ifferent from  that o f the sandpiper strategy. It is li- 
kely to be higher as it refers to prey which has revealed itself in some w ay rather than
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that hidden in the mud. However, the proportion o f all prey which are both active and 
at the surface w ill be somewhat low er than the proportion hidden but w ith in ränge o f 
the birds’ bills.

The ‘p lover strategy’ is used at Lindisfarne by both plover species feeding on small 
surface-living crustacea (which probably reveal themselves by swimmingmovements), 
on Scolop los  and on the large polychaete A ren ico la  marina. Bar-ta iled Godwits also 
use a form  o f ‘p lover strategy’ when feeding on A ren ico la  although they may simul- 
taneously employ a form  of ‘sandpiper strategy’ to feed on Scoloplos.

There is little doubt that the appearance o f casts produced by A ren ico la  backing up 
their burrows to defaecate at the surface is the cue to which plovers and godwits res- 
pond, as the birds can be seen running to casts as they are being form ed and taking 
worms from  them. In contrast, Scoloplos  produce small outflows o f water from  their 
holes (which have diameters o f up to about 1 mm) when near the surface. Although it 
is not certain that plovers respond to the outflows from  the holes o f Scoloplos, it seems 
likely  because (i) the outflows from  the holes are good predictors o f the presence of 
worms near the surface; (ii) no other cues are apparent; and (iii) factors affecting vis i- 
b ility  o f outflows, at least to human eyes, also affect the feeding behaviour o f the p lo 
vers. These include wetness o f the substratum, occurrence o f rain, w ind strength and 
light intensity.

Factors affecting prey availability and feeding rate of waders
The behaviour o f prey animals and therefore their availab ility to predators is a ffec- 

ted by physicäl conditions, such as light intensity, w ind strength and temperature, 
which may also affect the b irds’ food  requirements and the ease w ith  which birds can 
detect cues.

Generally waders appear to avoid feeding at night unless they are unable to gain suf- 
ficient food in daylight (e. g. G oss-C ustard 1969, H eppleston 1971). Observations at 
Lindisfarne using night-viewing apparatus (an image-intensifier) showed that even 
plovers are able to feed during cloudy or moonless nights, either by utilizing the very 
low light intensities or by detecting their prey by sound. (Evidence for acoustic detec- 
tion of prey by plovers has been presented by Fallet (1962) and L ange (1968), but see 
also Heppner (1965) for an analysis of problems in acoustic detection of earthworms by 
the thrush Turdus m igratorius  which forages in a manner similar to that of plovers.) 
However, feeding rate was depressed even in twilight: the mean pecking rate of a flock 
of Ringed Plovers at Lindisfarne feil signif icantly (P <  0.01) from 16.7 pecks/min. in the 
period before sunset to 7.3 shortly after sunset. One would expect the feeding rates of 
‘plover strategists' to be depressed at night more than those of ‘sandpiper strategists’ 
(cf. H ulscher 1976). Since in winter the daylight period becomes progressively shorter 
further north, this alone might be sufficient to explain the more southerly distribution 
of the ‘plover strategists’

High winds increase waders’ food  requirements by chilling birds, reduce feeding ef- 
ficiency by impeding movement, reduce prey ava ilab ility  by drying the substrate sur
face above the tide edge (thereby causing prey to move deeper or become inactive) and 
reduce visib ility  by creating waves over water covered areas (Evans & Smith 1975). In
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Figure 3.
Effect of temperature on depth and activity of Scoloplos armiger at Lindisfarne. The propor- 
tions of Scoloplos present in the surface 5 cm (from Sm it h  1975) are shown as horizontal lines indi- 
cating the temperature ränge for each measurement. The numbers of outflows of water on the 
surface from Scoloplos holes per 2 minute period, expressed as a percentage of those present, are 
given as regression lines for two sample areas (P ie n k o w s k i  1978). Both slopes are significantly

different from zero.

very high winds waders move to more sheltered feeding and roosting areas such as lee 
shores or creeks (S p it z  1964, S m it h  1975, P ie n k o w s k i 1978, D. J. T o w n s h e n d  pers. comm.) 
or may cease feeding altogether (S m it h  1975, E v a n s  1976).

The effect o f temperature on prey ava ilab ility  is possibly the easiest to study and it 
m ay w ell be the most important factor in many situations. As temperatures fall, most 
prey species become less active and tend to move deeper into the substrate. This is ex- 
em plified  by Scoloplos  at Lindisfarne in Fig. 3 which illustrates the Variation w ith  
substrate temperature o f (i) the proportion at any one moment o f worms in the top 5 cm 
o f the substrate (i. e. those most liab le to predation by Bar-ta iled  Godwits-SMira 1975), 
and (ii) the activity o f the worms as revealed by the number o f outflows o f water from  
their holes per two minute period (expressed as a percentage o f the number o f worms 
present in the area watched). The positions o f these lines are not directly comparable 
on the vertica l axis as one involves a time function and the other does not, but their ge
neral shapes and their positions relative to the horizontal axis are comparable. The 
frequency of outflows from  holes o f Scoloplos  decreases rapid ly and significantly (P  <  
0.001 in one sample area, P  <  0.01 in another), as temperature falls, and the decrease is 
apparent even at temperatures above 10°C. However, the same proportion of S co lo 
plos  remains in the upper sand layers until temperatures as low  as 4° C and, even when 
reduction o f the proportion on the surface layer does occur, there is still such w ide Va
riation that the change in proportion was not significant in the samples.
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TEMPERATURE ('0  

Figure 4.
Feeding rates of Bar-tailed Godwit, Limosa lapponica (from S m it h  1975) and Grey Plover Pluvia
lis squatarola (P ie n k o w s k i 1978) on Arenicola marina (dashed lines) and other prey, almost enti- 
rely Scoloplos armiger, (solid lines) at Lindisfarne. The feeding rate of Pluvialis on Scoloplos is 
given as a regression line (P  <  0.01) based on data between 2°C and 8°C. Other rates are shown as 
horizontal lines indicating the temperature ränge for each measurement and vertical lines indicat-

ing ± 1 Stan dard  error.

As godwits appear to use the tactile ‘sandpiper strategy’ and plovers visual searching 
when feeding on Scoloplos, one would expect the feeding rate o f plovers to decrease, as 
temperature falls, before that o f godwits. The godw its ’ feeding rate should also re- 
main independent o f temperature above about 4°C. This is, in fact, what happens (Fig. 
4); the feeding rate o f G rey P lover falls rapid ly between 8° C and 2° C but that o f G odw it 
remains constant down to 0° C and falls slow ly below. A t higher temperatures, A re n i
cola, which spend most o f the time beyond the reach even o f long-b illed  Godwits, be- 
come active and available, and both species use ‘plover-strategies’ to catch them. As 
the e ff ects o f temperature on the activity and depth distribution o f Scoloplos  appear to 
be typical o f intertidal invertebrates (although the particular temperature levels at 
which they operate may, o f course, d iffer), the resulting d ifference in the effects o f 
temperature on p lover and sandpiper feeding strategies may be fa ir ly  general.

Possible mechanisms to compensate reductions in feeding rates
Probably because o f the greater depression o f feeding rates o f plovers than o f sand

pipers resulting from  low  temperatures, in w inter in Britain plovers often feed for lon- 
ger per tidal cycle than do sandpipers o f sim ilar size. Figure 5 shows that, at Tees- 
mouth in N. E. England, w ith in  groups o f birds using the same general feeding method,
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Percentage of 
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feeding at 2-5°C
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Figure 5.
The percentages of the daylight period spent feeding at Teesmouth in January and February 1973 
by various species. (At this time, some intertidal area was available somewhere in the estuary at
all states of tide.) -------- Mussei bed feeders, • -----------------•  sandpiper strategists,

■ -------------■  p lo ve rs  (source: P ie n k o w s k i  1973 and u npu b lished ).
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large species tended to feed for shorter times than smaller ones. (This relationship ap- 
pears to be fa irly  general and may arise because the energy requirements o f birds are 
related to the three quarter power of body weight (see E b b in g e  et al. 1975) and also be
cause, at low  temperatures, small birds may have increased food requirements due to 
the higher rates o f heat loss per unit weight from  small bodies than large ones.) Bet
ween groups, those feeding on exposed beds o f mussels M ytilus edulis (where little  se- 
arching is required) fed for the shortest time, sandpiper-strategists for longer, and p lo 
vers the longest. Because of the calculations involved in obtaining these values it is 
not possible to give confidence lim its but the pattern was consistent at Teesmouth and 
in various other sites, such as the Wash (J. D. G o s s - C u s t a r d , pers. comm.) and L ind is
farne (pers. obs.).

On cold days in m id-w inter, plovers suffer reduced feeding rates (requiring long fee 
ding times) added to long nights (which also lead to reduced feeding rates). There is 
then a greater chance that a bird using ‘p lover strategy’ w ill become unable to balance 
its energy budget (net income minus requirement) on a cold day than w ill one using a 
‘sandpiper strategy’ E lsewhere it has been shown that, w ith in  one species, the peak 
amount o f w in ter f  at reserves increases w ith  increasing latitudes, and decreasing mean 
temperature. This suggests that fat is an adaptive “ insurance” against the increased 
chance o f meeting days on which it is not possible to balance the energy budget ( L l o y d  

et al. in prep.). One m ight expect, by sim ilar argument, that in a given Situation in 
northern Europe plovers should carry more fat in w inter than sandpipers o f similar 
size. Data from  the Wash (M in t o n  1975) and Lindisfarne (E v a n s  &  S m it h  1975) do in- 
deed show that the two w intering plovers increase in weight by 30 % or more above the 
autumn and spring levels, whereas the increase in other species ( ‘sandpiper-strate
gists’) ränge from  10 % to 23 % (Table 2). In smaller samples, P. R. E v a n s  (unpublished) 
has confirmed that most o f the increase in weight is due to fat.

Estimated Midwinter ■
lean weight (g) addition

Charadrius hiaticula 60 30 +
Pluvialis squatarola 210 31

Calidris alpina 47 21
Calidris alba 51 16
Arenaria interpres 105 17
Calidris canutus 130 22
Tringa totanus 140 16
Limosa lapponica $ 270 $ 330 10

Haematopus ostralegus 480 23

Table 2.
Mean midwinter weight increases in waders in eastern England (data from E v a n s  &  S m it h  1975, 
M in t o n  1975). Lean weights have been measured by body composition analysis for some species 
(E v a n s  &  S m it h  1975, L l o y d  et al. in prep., E v a n s  unpublished) and for other species are taken as 
the lowest monthly meari weight reached during the year. (This approximation is justified by 

comparison with those species for which analyses of body composition are available.)
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A  further possible method o f preventing negative daily energy balance is to reduce 
requirements. This may be the reason why some Grey Plovers at the Wash (B r a n s o n  &  

M in t o n  1976) and the W addenzee (B o ere  1976) arrest moult o f their fligh t feathers in 
late autumn and complete the moult in spring. Most other species complete moult be- 
fore m id-w inter.

Clearly, despite all these possible compensatory adaptations, the northern lim it o f 
w in tering o f ‘p lover-strategists’ is like ly  to be farther south than that o f ‘sandpiper- 
strategists’

A  further factor may affect feeding opportunities. There is evidence that plovers 
may avoid feeding in areas o f high densities o f other feeding waders. This comes from  
threesources: (i) A t Lindisfarne a negative correlation was found (P  <  0.05) between the 
numbers o f plovers and the numbers o f other waders feeding in a study area. (ii) A t 
Teesmouth Grey Plovers le ft the main feeding banks about 1 hour, and sign ificantly (P  <
0.001 on all occasions), before Bar-tailed Godwits and Curlews, long before the tide co- 
vered the area but just at the time that these other species moved into the area ( P ie n 

k o w s k i 1973 and unpublished). (iii) A t Lindisfarne, after most Bar-tailed Godwits le ft 
in April, G rey Plovers, many of which remain until May, continued feeding on their 
main feeding banks until these were reached by the tide whereas earlier in the season 
they le ft these areas as Bar-ta iled Godwits and even Dunlins moved into the area ahead 
o f the advancing tide edge.

The reason for this avoidance, i f  real, is uncertain but it is possible that the presence 
o f large numbers o f other birds prevents fu ll use being made o f the p lovers’ potential 
catching area (area “ watched” ). This avoidance behaviour may be the reason that 
plovers tend to feed at higher tidal levels than sandpipers, which tend to concentrate at 
the tide edge where prey is generally nearer the surface (e. g. V a d e r  1964). This use o f 
higher tidal levels may exacerbate the problems o f plovers in cold weather as such 
areas are more liable to freezing and a covering o f ice than low er ones.

Comparison of ‘plover’ and ‘sandpiper’ strategies
Most of the above considerations tend to favour the ‘sandpiper strategy’ rather than 

the ‘p lover strategy’ W hat then is the advantage o f being a plover?
The feeding o f Grey Plovers and Bar-tailed Godwits on Scoloplos  at various tem pe

ratures can be compared using values measured in the fie ld  (S m it h  1975, P ie n k o w s k i

1978) and inserted in the two equations (1) and (2) given earlier. The feeding rates 
were measured by direct observation o f feeding birds, as were the search and ‘w atch ’ 
areas, aided by the use o f cine-photography. Prey density and the depth distribution 
were determined by sampling the substrate, and numbers o f outflows per unit time 
measured by direct observation o f the substrate. Taking, for example, the Situation o f 
6°C at an area of 600 Scoloplos/m2, the equations are:

Godw it: 1.6 S co lop los/min
=  9 m2 searched/min x 600 worms/m2 x  0.52 in depth ränge x probability A  

. probability A  o f detection, selection and capture =  0.0006 
Grey Plover: 7.5 Scolop los/min
=  1.4 m2 “ watched” x 600 worms/m2 x 0.14 appearing/min x probability B 

. probability B o f detection, selection and capture =  0.06
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(The absolute values for numbers of prey taken per minute by the two species are not 
directly comparable as the Scoloplos  taken are not necessarily o f the same size.)

It could be argued that this difference of 1:100 between probabilities A  and B was 
due solely to a preference by Godwits for A ren ico la  (which were being hunted concur- 
rently), so that detected Scoloplos  were not fu lly  exploited. One would expect the 
component of probability A  due to any such selection to increase (towards unity) as 
temperatures fe il causingprey to become less available, and indeed, at 0°C, probability 
A  had risen to 0.0016. However, this also applied to the ‘p lover strategy’ as, at 3°C, the 
Grey P lover probability B had increased to 0.4 (also presumably due to increased prob
ability o f the birds’ selecting detected prey). Further, although the G odw it probabi
lity A  had risen as temperature feil, and this maintained Scolop los  intake at 1.5/min at 
0° C (compared w ith  1.6/min above 3°C), it did not compensate for a reduction in A re n i
cola intake from  1.2/min to 0.05/min. In such a Situation one m ight expect any further 
scope for increasing intake rate to be utilized. A t the low er temperature o f -4° C, A re 
nicola  intake fe il to zero and Scolop los  to 0.5/min but p robability B probably did not 
reach 0.01 (although data on depth distribution o f Scoloplos  are not available for this 
temperature). Thus, although probabilities A  and B both vary to some extent w ith  
temperature, the ratio between them appears to be maintained at the order o f magni- 
tude o f 1:100. This also appears to apply to a comparison between two smaller species, 
Dunlin and Ringed Plover.

It would be desirable to compare the profitabilities o f the two strategies at high tidal 
levels w ith  low  density but active prey. In such situations, however, sandpipers gene- 
rally use at least some component o f a ‘plover strategy’ so that direct comparisons are 
not easily achieved. An  indication o f the Situation may be obtained by using values o f 
search area and ‘watch ’ areas-which seem to change little-from  low er areas, and the 
ratio o f probabilities o f 1:100. W e can then consider an area o f low  prey density o f 50 
surface-living prey per m2 at high temperature so that all are surface active and, there- 
fore, both w ith in  reach o f sandpipers and available to plovers. In such a Situation, the 
equations become:

Godwits:
9 m2 searched/min x 50 prey/m2 x 1 in depth ränge x probability o f 0.001 
= 0.45 prey/min 
Grey Plover:
1.4 m2 “ watched” x 50 prey/m2 x 1 appearing/min x probability o f 0.1 
= 7.2 prey/min

Thus ‘p lover strategy’ is most effective when temperatures are high so that prey ani
mals are active, causing a high proportion o f those w ith in the depth ränge o f ‘sandpiper 
strategy’ to be also surface active and therefore available to a ‘p lover strategy’ I f  this 
occurs where prey density is low, the ‘p lover strategy’ is likely  to be advantageous over 
the ‘sandpiper strategy’ The average densities at Lindisfarne o f surface-living cru- 
stacea at high tidal levels approxim ate to the density o f 50 animals/m2 used above, and 
here Ringed Plovers are the commonest feeding waders while those Dunlins also pre
sent tend to use elements o f ‘p lover strategy’ Densities o f A ren ico la  in the intertidal 
flats are rather lower than this and few  are w ith in  reach o f godw its at any one time, so 
that the effective density w ith in  bill-reach rarely exceeds 1 animal/m2 However, a
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PREY DETECTED 
BY STRATEGY 
PER UNIT TIME

Prey ( low femP'
requinement (high temp

Minimum prey densities 
for survival o f: - sandpiper at 

high temp.
sandpiper 
low temp.

/ ( A l l  prey detected)

Plover, high temperature

Sandpiper, high temperature

Sandpiper, low temperature 

Plover, low temperature

plover at 
low temp.

PREY DENSITY

Figure 6.
Simplified schematic general comparison between plover and sandpiper feeding strategists. Prey 
detected takes into account both the numbers of prey within ränge of the various techniques and 

that proportion detected. For explanation of figure, see text.

high proportion o f those w ithin bill-reach probably also appear at the surface to def ae- 
cate, and both godw it and Grey P lover use a ‘p lover strategy’ here.

The suggested system is generalized diagram m atically in Figure 6, where the num
bers o f prey detected at d ifferent temperatures by the two strategies are plotted against 
density o f prey. I f  all prey are detected the line has a slope of 45°, and in some warm  
conditions the detectability to ‘plover strategy’ may approach this line. A t low er tem 
peratures, however, the numbers detected fa ll rapid ly because o f much reduced prey 
activity. The proportion detected by the ‘sandpiper strategy’ never reaches such high 
levels as that by the plovers because o f the relatively  low  chance of detection by short - 
range tactile means, but the decrease in the proportion detectable w ith  fa llin g  tem pe
rature is less rapid, as prey depth generally increases more slow ly and at low er tem pe
ratures than prey activity decreases. A lso shown in Figure 6 are two notional levels o f 
the minimum number o f detected prey required to fu lfil energy requirements at two 
temperatures if all prey detected are taken. W here these levels are intersected by the 
lines o f numbers detected gives, in this simplistic model, the minimum density o f prey 
at which a particular strategy can operate fo r a bird in a particular temperature regi- 

me.
When further inform ation on feeding rates, prey sizes and energetic values is availa

ble, it is hoped to develop this simple model so that approximate numerical values may 
be attached to some o f the lim iting densities. However, even from  Figure 6, it can be 
seen that, provided that temperatures are high, ‘p lover strategies’ can utilize low er
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prey densities than ‘sandpiper strategies’ on, fo r example, sandy beaches (where the 
prey tend to be at low  density, but near the surface and active) and the higher flats at 
low-water, as described above. In northern latitudes, however, these beaches and 
high flats tend to be deserted in m id-w inter, when ‘sandpiper strategists’ can still uti- 
lize prey buried in the mud provided that this is at a fa irly  high density. In conditions 
of high density and high activity, both strategies should be effective, and this may be 
the Situation on the breeding grounds o f many species when insects are abundant. A t 
intermediate levels o f prey activity, however, sandpipers may restrict the distribution 
of plovers by the possible interference mechanisms discussed above.

‘P lover strategists’ are probably also at an advantage in areas o f more compacted 
substrate where probing for prey becomes lim ited to those species w ith  reinforced 
bills, such as Oystercatcher and Curlew (cf. B u r t o n  1974). On the most compacted sub- 
strates feeding is possibly only on prey at the surface and the ‘plover strategy’ domina- 
tes, asusedby, e. g., Golden P lover Pluv ia lis  apricaria  and Lapw ing Vanellus vanellus 
on agricultural land-which is probably nearer to the evolutionary ancestral plover ha
bitat. O f course, such terrestrial habitats in north temperate w in tering areas are lia - 
ble to freezing, and additional use o f shore-feeding and cold weather movements are 
w ell known in these species (e. g. D o b in s o n  &  R ic h a r d s  1964).

Plovers have also evolved techniques o f increasing the ava ilab ility  o f prey by foot- 
vibration. This appears to increase prey activ ity and/or stimulate movement from  
depth to the surface by a variety o f mechanisms in d ifferent prey species ( S im m o n s  1961 , 

S p a r k s  1961, P ie n k o w s k i 1978).

Some implications for Conservation

There are, o f course, more specific habitat requirements and such factors as sub
strate particle size, salinity, wave-action, cover, prey distribution and distance from  
roosting site have been discussed by, e. g., W o l f f  (1969), Z w a r t s  (1974) and P ie n k o w s k i &  

K n ig h t  (1977). W ith in  the general fram ework o f this paper we can, however, consider 
some o f the Conservation implications o f distribution and habitat requirements appa- 
rently arising from  feeding strategy, which has hitherto received little  attention in this 
regard, apart from  the recent paper by E v a n s  (1976).

1. A  first point, already obvious, is the need fo r a w ide latitudinal spread in protected 
areas to allow  for the different patterns in different species. The plovers, as a fam i- 
ly, are heavily dependent on areas generally less closely watched by ornithologists 
and conservationists.

2. There are considerable differences in species composition between apparently 
fa ir ly  sim ilar sites in the same general area. This is exem plified by the percentage 
composition by species o f waders at the three main sites on the coast o f Morocco, as 
reported by B l o n d e l  (1964). (A lthough later, less complete surveys have d iffered 
somewhat in totals counted, the general pattern remains the same.) Lapw ing and 
Golden P lover were clearly restricted to the north where w et m eadow habitat is pre
sent. The three shore plovers form ed nearly half o f the wader population at S idi 
Moussa/Oualidia where the salt-pan and lagoon habitat may be equivalent to the
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MERJA ZERGA SIDI MOUSSA/ 
O U ALID IA

PUERTO
CANSADO

Total population 322,000 11,500 105,000

% % °/o

Vanellus vanellus 14 0 0
Charadrius hiaticula 3 22 7
Charadrius alexandrinus 0.03 4 2
Pluvialis apricaria 3 0 0
Pluvialis squatarola 3 22 7
Total Charadriidae 22 48 15

Numenius arquata 0.02 3 3
Limosa limosa 31 0 0
Limosa lapponica 0.02 0 6
Tringa totanus 2 22 22
Calidris canutus 0.02 0.9 10
Calidris minuta 0.03 22 8
Calidris alpina 43 5 30

Table 3.
Species composition of waders wintering atthe three main sites inMorocco in January 1964 (data

from B l o n d e l  1964).

higher tidal levels o f more natural wetlands. The next highest contribution o f these 
species is at the predom inantly sandy Puerto Cansado and least at the muddy M erja 
Zerga. As m ight be expected, the sandpiper species show a w ide variety o f d istri- 
butional patterns but most nearly approaching those o f the shore plovers is that o f 
the L ittle  Stint Calidris m inuta. This species and the Sanderling Calidris alba ap
pear to use a plover-type visual strategy, although much speeded and often involv- 
ing continual motion, darting after small, active prey in and deposited by waves on 
the shore (see E h l e r t  1964, B e n g t s o n  &  S v e n s s o n  1968).
There is, therefore, a need to conserve a ränge o f sites w ith in  an area and the loss of 
one site is not necessarily compensated adequately by retention o f others. This may 
have implications for the Ramsar Convention. It is also important to note the pos- 
s ib ility that areas o f relatively low  wader numbers and densities may be particu- 
larly important to some species, notably plovers, which usually occur at low er den
sities than sandpipers.

3. The d ifferent feeding distributions w ith in  estuaries may also be relevant to Conser
vation as, for example, higher tidal levels tend to be more liab le to disturbance and 
reclamation. P. R. E v a n s  describes the partial reclamation o f Teesmouth elsewhere 
in this volume. The species most badly affected by this was the R inged P lover the 
w intering numbers of which were reduced to less than 10 % o f form er levels whereas 
corresponding values fo r other species ranged between 25 % and 100 %. Whether 
the greater reduction in numbers o f R inged Plovers was due to loss o f the higher 
tidal levels, the reduction in potential feeding time, or increased density o f other 
species is uncertain. That there were great differences between species is, however, 
clear.
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Peak Count Peak Coui
1971 (as % of

Charadrius hiaticula 400 25 %
Pluvialis squatarola 75 16%
Tringa totanus 250 14%
Recurvirostra avosetta 245 13 %
Haematopus ostralegus 300 10 %
Calidris alba 400 8 %
Calidris canutus 100 5%
Calidris alpina 1,000 5 %
Charadrius alexandrinus 250 5 %

Table 4.
Changes in autumn wader populations following the blocking of Oued Chebeika estuary (data

fro m  Jo ye s  e t al. 1977).

There can also be situations where plovers are least affected. The estuary o f Oued 
Chebeika in south M orocco was blocked for about a year by the building of a bank 
carrying a road across the mouth (J oyes et al. 1977). W hile the estuary was e ffecti- 
vely a lake the only remaining habitats suitable for waders were the w ater’s edge on 
fa irly  low  productivity sand, the shallow water and marsh. Those species least (but 
still heavily) reduced in numbers (Table 4) were Ringed and Grey Plovers which had 
utilized these higher areas before the road was bu ilt; more heavily affected were the 
marsh species, Redshank and Avocet Recurvirostra  avosetta. Those decreasing most 
were the species o f the low er intertidal flats, and also the Kentish Plover, the latter 
possibly because o f the reduction in area, due to raised water level, o f the zone not 
reached by most tides where it had previously fed.

4. Finally, it is worth noting that recent studies on the feeding o f waders have taken 
place during a series o f m ild winters. As discussed above, reduction in temperature 
may make areas untenable for both fam ilies o f shore waders, and in Europe in late 
autumn this may lead to onward movement to the south and west (though this does 
not seem to occur in response to a sudden onset o f cold weather in m id-w inter [E vans  

1976]). Some species may, indeed, require a sequence of sites in the non-breeding 
season. These could include autumn and spring m oulting areas and m igrational 
staging posts where birds could not spend the winter because the density o f availa
ble prey falls too low  each year; and w intering areas o f m ilder climate. Here, even if 
prey density is lower-and possibly inadequate for fattening and moult o f large po- 
pulations-availability w ou ld remain higher. Comparable situations could apply 
on a local scale for waders not norm ally restricted to intertidal habitats, e. g., G ol
den Plovers and Lapwings, i f  food in some areas becomes tem porarily unavailable. 
Such detailed movements o f populations o f waders are less easy to study than those 
o f geese, mentioned elsewhere in this volume by R. D r e n t , as more wader species and 
populations are involved and the flocks are not as discrete. Thus, in form ation rele
vant to these final speculations cannot be obtained from  observations alone and w ill 
require ringing studies on the occurrence and tim ing o f short duration and short 
distance movements, and also studies on prey densities and availabilities to waders 
in different areas.
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Summary

Although some species of both main families of waders breed abundantly at high latitudes, the 
main intertidal wintering ranges of the Charadriidae (plovers) do not extend as far north as do 
those of the Scolopacidae (sandpipers, curlews, snipes and their allies). Habitat differences also 
occur on a smaller scale, e. g. plovers tend to feed at higher tidal levels than sandpipers. This pa
per tries to account for these differences from the viewpoint of feeding ecology.

Plovers f orage almost exclusively by using an apparently visual searching method. This invol- 
ves long pauses and rapid runs to catch prey. Most sandpipers use at least some element of tactile 
searching. This difference arises not because they take different types of prey, since they fre- 
quently do not, but because they exploit in different ways the behaviours of the prey animals 
which make them temporarily available to the birds. The ways in which various factors, particu- 
larly temperature and prey density, may affect the feeding strategies and, through these, the 
birds’ distribution patterns is explored, using in particular material from detailed studies at Lin
disfarne National Nature Reserve in N. E. England.

F in a lly , som e o f  th e  im p lic a tion s  fo r  C onservation , resu lt in g  fro m  the d is tr ib u tio n  p a tte rn s  and 

g en e ra l h a b ita t  req u irem en ts  a ssoc ia ted  w ith  these fe e d in g  stra teg ies , a re considered .

Zusammenfassung

Obwohl einige Arten der beiden wichtigsten Limikolenfamilien in großer Zahl im hohen Nor
den brüten, erstrecken sich die in der Gezeitenzone liegenden Überwinterungsgebiete der Chara
driidae (Regenpfeifer) nicht so weit nordwärts wie jene der Scolopacidae (Schnepfen). Daneben 
gibt es auch kleinräumige Unterschiede: die Charadriidae z. B. haben die Tendenz, die Nahrung 
näher bei der Hochwasserlinie zu suchen, als die Scolopacidae. Die vorliegende Arbeit versucht, 
diese Unterschiede aus der Ernährungsökologie zu erklären.

Regenpfeifer suchen die Nehrung beinahe ausschließlich visuell (stehen, schauen und rennen, 
fangen), während die meisten Schnepfen die Nahrung wenigstens teilweise mit Hilfe des Tastsin
nes suchen. Dieser Unterschied scheint weniger damit zu erklären, daß die beiden Familien sich 
auf verschiedene Beutetiere spezialisiert hätten, als vielmehr damit, daß sie sich verschiedene 
Verhaltensweisen der Beutetiere zu Nutzen machen. Es wird untersucht, in welcher Weise ver
schiedene Faktoren, vor allem Temperatur und Dichte der Beutetiere, die Methode der Nahrungs
suche und damit indirekt auch das Verbreitungsmuster der Limikolen bestimmen. Dieser Teil der 
Arbeit stützt sich hauptsächlich auf eingehende Untersuchungen in Lindisfarne, einem nationa
len Naturschutzgebiet in Nordostengland.
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Zum Schluß wird diskutiert, welche Konsequenzen aus den verschiedenen Biotoppräferenzen,
die offenbar weitgehend nahrungsökologisch bedingt sind, im Hinblick auf den Schutz von Limi-
kolen und ihren Rastgebieten zu ziehen sind.
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